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Abstract: The outbreak of infectious diseases affects people’s lifestyles significantly, as they undertake
fewer outdoor activities as a protective measure and to follow government orders of restricted
movements. This paper reviewed the scientific literature related to transport and infectious diseases
to gain insights into managing such circumstances. The outcomes indicate that the transport sector
has a two-fold role during the outbreak of infectious diseases: controlling the spread of infection and
assessing the impact of reduced outdoor activities on the transport sector. It was found that local and
international travel restrictions, if applied at the initial stages, are effective in controlling the spread
of infectious disease; at a later stage, behavioral changes become prominent in limiting the spread.
Further, the outbreaks resulted in a significant reduction in mobility, altering traffic patterns with
lower peaks and improving traffic safety. The public transport mode share reduced considerably and
people preferred cars and active modes. These changes also showed positive impacts on air pollution
and water pollution. Further, the air transport and tourism sector were noted to be the hardest hit
and will recover slowly. The outcomes from the review will be useful for planners and administrators
in managing future emergency conditions better.

Keywords: infectious disease; pandemic; epidemic; transport effects; health emergencies;
spread of diseases; traffic impacts

1. Introduction

Infectious diseases usually spread rapidly and affect a large number of people, disrupting daily
activities of the majority of the population. These diseases create heath emergencies and are classified
as pandemic or epidemic depending on their severity [1]. The history of infectious diseases affecting
human lives dates back to many centuries, for example, Black Death in the 14th Century. In 1918,
the Spanish Flu, an influenza pandemic, affected every third person in the world (around 500 million),
causing deaths of 10% infected people (around 50 million) worldwide [2]. The movement of troops in
World War I contributed to spreading the disease from continent to continent during the later phases
of the war [3]. The chronological history of major health emergencies that occurred due to infectious
diseases in the 21st century is depicted in Figure 1.
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Figure 1. Chronology of major health emergencies in the 21st century.

SARS, the first pandemic in the 21st century, was identified on 26 February 2003 in Hong Kong [4].
The outbreak of SARS spread rapidly, resulting in 8422 infections around the world with almost 11%
mortality rate [5]. The outbreak shattered local as well as regional economies [6]. Health screening
among international travelers and home quarantine were applied as effective tools to interrupt
SARS transmission. After this, in April 2009 residents of the USA and Mexico experienced an
outbreak of a new strain of virus called Influenza A [7]. During the first year, HIN1 caused the
death of 151,700-575,400 people worldwide [8]. Subsequently, on 10 August 2010, the World Health
Organization (WHO) announced an end to the global pandemic of 2009 HIN1 influenza. Further,
in 2012, the epidemic MERS, a viral respiratory disease caused by a novel coronavirus MERS-CoV,
appeared in Saudi Arabia. Later, it spread over 27 countries, with Saudi Arabia, the United Arab
Emirates, and the Republic of Korea being the worst-hit countries [9]. Recently, COVID-19, caused by
a novel-Cov, was first detected in China in 2019. On 11 March 2020, the WHO declared COVID-19 as
a pandemic. To date, it has affected 213 countries in the world, while the USA is the most severely
affected in both aspects, infection and deaths [10].

In the past, as travel has influenced the outbreak/spread of infectious diseases, for emerging
infections, travelers have been considered as a key part of the surveillance process [11].
Human interactions and behavior have a direct contribution to the spreading of infectious diseases,
particularly during pandemics [12-14]. During an outbreak, controlling the further spread of disease is
a crucial task for governments. Various mitigation strategies are applied to delay the peak stage, reduce
the size of the peak, and spread the occurrence of cases over time [15]. Generally, tailor-made responses
considering local conditions, socio-economic characteristics, and culture are employed [16]. Due to
these measures, a pandemic affects various primary sectors, ranging from agriculture, petroleum,
and oil, secondary sectors such as the manufacturing industry, to tertiary sectors such as education,
finance, healthcare and pharmaceutical industry, aviation, hospitality and tourism, real estate and
housing sector, research and development, media and information technology, and food sector. Besides
these, there are some social effects as well on people’s lives [17]. As a result, pandemics create a
threat to health security, challenge the health care systems and livelihood of populations, extending
its effects to the stability and growth of economies, and the transport sectors. This study focuses on
the usefulness of human mobility in managing infectious diseases and further studies the effects of
the same on the transport sector. The original contribution of this research is the presentation of the
synthesis of scientific literature on the two-fold relationship between transport and infectious diseases
to assist transport engineers and planners in selecting mitigation strategies, and the determination of
future areas of research to aid researchers. The key aim of this paper is to review the scientific literature
on the studies related to passenger transport and infectious diseases. More specifically, the objectives
set for this study are:

e To review how transport-related attributes were used in understating/managing the spread of
infectious diseases in the past;

e  To determine the impact of the emergence of infectious diseases on the transport sector;

e To present gaps in the literature and suggest future directions for research based on the literature.
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Although outbreaks of infectious diseases affect all modes/forms of transport, this paper focuses
on road and air transport only, which are the main forms of passenger transport. The other forms of
transport, such as freight transport and marine/water transport, are not studied and are out of the scope
of this paper.

2. Method

A scientific literature search was conducted using various search engines, such as sciencedirect.com,
Scopus, Web of Science, and Google Scholar. Different combinations of search terms were
formed using keywords transport, travel, and traffic with pandemic, epidemic, or infectious
disease, for example, “transport and pandemic”, or “travel and infectious disease”. The search
was conducted until no new articles were retrieved. All the technical articles published until
10 June 2020 were checked for inclusion in this paper. The articles” inclusion or exclusion was
checked using the code specified below for each search conducted using different search engines.

Open a search engine
Retrieve articles using a predefined keyword combination
Read the title of the article
If relevant
Read abstract
If relevant
Perform detailed review
If contents related to study objectives
Add review
Else
Exclude from study
Go to title next article
Else
Read the title of the next article

Repeat steps to check for inclusion/exclusions for all articles.

This process was followed for various keyword combinations mentioned earlier. From the
selected articles, working papers, studies without any specific findings, articles on freight transport
and marine/water transport, and articles in own field of study but having some transport-related
inferences (e.g., knowledge of spread and precautionary behavior, models on precautionary behavior
and risk perception) were excluded. The criteria used for inclusion of articles is mentioned below:

e Articles with access to the full text;

e  Articles written in English language;

e  Peer-reviewed articles;

e  Published or accepted articles;

e  Articles on the spread of disease and transport;

e  Articles on transport impacts of infectious diseases;
e  Articles on traffic impacts of infectious diseases;

e  Studies with practically applicable results.

Two team members undertook this task to ensure the inclusion of all relevant articles. All the selected
articles were classified based on their area of study and a detailed review was conducted after reading the
entire study in detail. The extensive literature search fetched 65 articles for inclusion in this study. Table 1
lists a summary of the articles. Among all the pandemic-related studies, the recent outbreak, COVID-19,
had a major share of studies; this may be because of the severity and extent of the spread. Further,
the majority of studies were focused on assessing the role of transport on the spread of infectious diseases.
Recent studies focused on understanding the effects of a pandemic on various aspects of transport.
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Table 1. Overview of studies on transport and infectious diseases.
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Author Year Country Disease Name Objective Method of Analysis
General studies
Saadat et al. 2020 World COVID-19 Study environmental effects of COVID-19 Review
Shaw et al. 2020 Multiple COVID-19 Study response of East Asian countries and Review
present lessons learned
Sarla 2020 India COVID-19 Discuss impacts of COVID-19 Review
Study effects of COVID-19 on personal lives, the
Hiscott et al. In press World COVID-19 environment, economy, and Review
scientific communication.
Spread of diseases
Poletto et al. 2013 General General Propose fra.mevx{ork to model spr.ead.of a disease Analytl.cal calculations aqd nume.rl.cal
using time spent at destination simulations (non-Markovian mobility)
Xu et al. 2019 China Influenza A (HIN1) Study impact of road travel find socioeconomic . Correlation ar1‘a1y51s, .
factors on spread of influenza A spatial Autoregressive analysis
Study role of different transport modes in Spatio-temporal simulation based on
Zhang et al. 2011 China Influenza A (HIN1) spreading of influenza within the province and P P
. . SEIR model
with other provinces
Cooley et al. 2011 USA Influenza Investigate r(?le O.f Dassengers i Agent-based computer simulation
spreading influenza
. Assess effect of restricted inter-county travel on . . .
Yilmazkuday 2020 USA COVID-19 number of COVID-19 cases and deaths. Multiple linear regression
Kraemer et al. 2020 China COVID-19 Use real-time mc?blllty data to understand Nega.tlve bmonuaﬁl generahze.d linear mpdel,
dynamics of COVID-19 log-linear regression, correlation coefficients
Belik et al. 2011 Germany General Modgl §pat1‘al epidemic spread .by Fqnsmlermg . Mathema'ltlcal' ‘
bidirectional movement of individuals modeling—numerical simulation
Milne et al. 2008 Australia Influenza Mode% sprt.ead of.mﬂuenza and assess ef.fect of four Stochastl.c, 1n-d1V1du.al-based
social distancing measures on infection rates spatial simulations
Zhao et al. 2018 China SARS Determine f:ffec’@ of travel strategies on A game theory 'rnodel{ epidemic model,
infection control. simulation
Browne et al. 2016 ) Multiple Review evidences of air, sea, and road transport Review

systems in spreading pandemics
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Author Year Country Disease Name Objective Method of Analysis
Puetal 2016 China General Study epidemic S.pre.admg based on traffic Simulation
dynamics in networks.
Chinazzi et al. 2020 World COVID-19 Assess 1mpact. of tr;}vel restrlctlpns on the spread A global meta‘po.pulahon disease
of pandemic nationally and internationally transmission model
Assess relationship between domestic and
Lau et al. 2020 World COVID-19 international passenger air traffic volume and Unpaired student’s t-test
number of cases
Tuncer and Le 2014 Multiple Avian influenza Study dynamics of the.spread of avian influenza Two-city n}atheTnatlca‘l model,
on air travel numerical simulations
Yang and Wang 2016 - General Develop ?daptlve routing strategies to C.OHtrOI Mathematical modeling
traffic-related spread of an epidemic
. Develop a model to understand the role of An SEIRS epidemic model, mathematical
Denphedtnong et al. 2013 Thailand General transport-related infection on the spread of disease model and numerical solution
Yang et al. 2012 China General Model spread of epidemic in bus Space P approach, S¥S model for simulation,
transport networks mean-field theory
Marini et al. 2020 Switzerland influenza Model. spatl(.)-temp.)o.ral behav10r.o‘f an influenza Agent-based epidemic and mobility models
using daily activity and mobility models
Propose theoretical framework to study . . .
Apolloni et al. 2014 Multiple influenza A (HIN1) heterogeneous mixing and travel behavior for Analyt{c al n'lodel?ng approach-n.lultl-host
- - stochastic epidemic metapopulation model
propagation of pandemic
Respiratory
Rizzo et al 2014 ) syndromes and Assess the relationship between behavioral Susceptible-infected-susceptible model in
oetak sexually transmitted changes and spread of a disease activity-based networks
infections
Explore the role of behavioral changes associated Stochastic spatial age-specific
De Luca et al. 2018 Belgium Seasonal influenza with holidays on the dynamics of metapopulation model/Stochastic
seasonal influenza. numerical simulations
- Mathematical Modeling-global network
Linka et al. 2020 Europe COVID-19 Study the effect of travel rest'rlctlons on the mobility model with a local
outbreak dynamics ; .
epidemiology model
Otsuki and Nishiura 2016 - Ebola virus Analyze the role of travel restrictions in Simple hazard-based statistical model

controlling the spread
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Table 1. Cont.

Author Year Country Disease Name Objective Method of Analysis
Bajardi et al. 2011 Mexico Influenza A (HIN1) Study the .effecnveness (?f travel restrictions in Global Epidemic and Mobility model
stopping and delaying the pandemic
Lam et al. 2011 ) Influenza, HIN1 Explore .th'e importance of 'agejbased travel Simple stochasFlc mathematlcal model,
restrictions for controlling influenza simulation
Lee et al. 2020 South Korea COVID-19 To study the relationship between traffic volume Non-linear and linear regression analysis
and spread
Transport
Aloi et al. 2020 Spain COVID-19 Assess effect. of quarantln.e. restrictions on Comparative analysis
internal mobility
Model individuals’ risk perception related to . . .
Hotle et al. 2020 USA Influenza and travel and mitigation when infected and Ordered logit regr§531ons, generahzed
COVID-19 . ordered logit regressions
not infected
Develop an interactive web-based mapping
Gao et al. 2020 USA COVID-19 platform to quantify how people responded to GIS and big data
social distancing guidelines by mapping daily
mobility changes
. Assess effect of MERS on transit use and related Pearson Corljelatlon quff1c1ents,, T-test,
Kim et al. 2017 South Korea MERS travel behavior regression analysis, Queen’s
Contiguity-Based Spatial Weight Matrix
Discuss the impacts of social distancing on travel .
De Vos 2020 UK COVID-19 behavior, and health and wellbeing. Review
Assess effect of perceived risk of contracting
Engle et al. 2020 USA COVID-19 disease and stay home orders by Multiple linear regression
government on mobility
Warren and g Measure mobility (distance population moves in a . .
Skillman 2020 USA COVID-19 day) changes due to COVID-19 Comparative analysis
Develop a model for determining costs and
Ruffino et al. 2020 Italy COVID-19 benefits for public transport mode shift scenarios Scenario testing
post COVID-19
Nguyen and Analyze residents’ perceptions during a pandemic Chi-square Automatic Interaction Detection
suy 2020 China COVID-19 Y bercep §ap (CHAID) modeling technique, structural

Coca-Stefaniak

and their post-pandemic planned travel behaviors

equation modeling
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Author Year Country Disease Name Objective Method of Analysis
Cahyanto et al. 2016 USA Ebola virus Assess faCt(.)rs influencing domestic travel Descriptive, ordered response model
avoidance due to outbreak
Agnostic anomaly detection algorithm,
Peak et al. 2018 Sierra Leone Ebola virus Evaluate the effect of trav.e'l restrictions on autoregresslve 1nte'gr§ted moving-average
human mobility (ARIMA), time-series intervention analysis,
McNemar test
Tirachini and Cats 2020 ) COVID-19 Discuss how public transportation can be made Review
safer after post-lockdown phase
de Haas et al. 2020 Netherlands COVID-19 Assess effect of loF kdown onre §1dents travel Descriptive-Chi-square test
behavior and activities
Mogaji 2020 Nigeria COVID-19 Determine effects of COVID-19 on transportation One-Way ANOVA
Bucsky 2020 Hungary COVID-19 Evaluate changes in mode share due to COVID-19 Comparative analysis
. . Study people’s psychological and behavioral .
Balkhi et al. 2020 Pakistan COVID-19 differences due ta COVID-19 Chi-square tests
Traffic and Related Safety
Favale et al. 2020 Italy COVID-19 Ass.ess the variation in the traffic patterns in Competitive analysis
university campuses due to the lockdown
Brodeur et al. 2020 USA COVID-19 Determine e.ffect of s.tay-at-horr.le. orders on leferences—m-c.hfferences framework and
pollution, traffic and collisions. synthetic control methods
Shilling and Waetjen 2020 USA COVID-19 Assess effect of stay-at-home orders on traffic 2-tailed f-test
conditions and safety
Oguzoglu 2020 Turkey COVID-19 Evaluat.e 'red.uctlon in traffic crashes, fatalities and lef—m—lef e.stlmates,
injuries due to stay-at-home orders Poisson regression models
Air Quality
Wang and Su 2020 China COVID-19 Evaluate impact of .COVID-19 lockdown Comparative analysis
on environment
Comparative study, spatial effects analysis
Kerimray et al. 2020 Kazakhstan COVID-19 Assess effect .Of the logkdown on the using ArcGIS cokriging method,
concentrations of air pollutants ; . .
linear regression analysis
. Determine impact of lockdown on environmental . .
Muhammad et al. 2020 Multiple COVID-19 Comparative analysis

pollution in various countries
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Author Year Country Disease Name Objective Method of Analysis
Mabhato et al. 2020 India COVID-19 Examine air quality due to lockdown in megacity Comparative a.mal}.lsm’ correlation,
spatial display
Dantas et al. 2020 Brazil COVID-19 Study impact of partial lockdown on air quality Comparative analysis
Nakada and Urban 2020 Brazil COVID-19 Assess impact of partial lockdown on air quality Comparative analysis
Comparative analysis and WRF (Weather
. g Analyze effect of restricted activities on air quality Research Forecasting)-AERMOD
Sharma et al. 2020 India COVID-19 in 22 cities (Air Quality Dispersion Modelling System)
modeling
.- Baseline regression, Least-Square Dummy
Bao and Zhang 2020 China COVID-19 Assess the effecf of trav.el restrictions Variable model estimator, graphic analysis
on air pollution . . o :
(ArcGIS), regression discontinuity design
Tobias et al. 2020 Spain COVID-19 Assess changes in air quality due to lockdown Comparative analysis
Air Travel
. Study individuals” voluntary response to air travel Negative binomial models using
Fenichel et al. 2013 usA Influenza A/HIN1 during pandemic from number of missed flights maximum likelihood
Assess international air travelers’ attitudes Qualitative-univariate logistic regression,
Sharangpani et al. 2011 USA Influenza towards interventions to curb influenza and multivariate backward stepwise
protective measures at destination logistic regression
Tacus et al. 2020 World COVID-19 Assess socio-economic 1rppact of travel restrictions Forecasting model.based on
on aviation sector non-homogeneous Poisson process
Suau-Sanchez et al. 2020 - COVID-19 Determlge .effects of.COVID—19 on commerﬂal Inferences from data
aviation from industry perspective
Tourism
Compare impact of COVID-19 on tourism with
Gossling et al. 2020 Multiple COVID-19 other pandemics/crises and explain effects on Review
tourism industry
Zenker and Kock 2020 ) COVID-19 Speculate the research areas in the tourism sector Review

to respond post-pandemic situation
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3. Role of Transport in Predicting the Spread

Travel restrictions are implemented at a local level, state level, national level, or international
travel based on the severity of the outbreak of the infectious disease. Various studies have assessed the
role of travel restrictions at different levels on predicting the spread of infectious diseases. Air travel
mobility network was used to study the global outbreak patterns in the early stages. The results
showed that without travel restrictions, the spread of COVID-19 could have accelerated significantly,
especially in Central Europe, France, and Spain [18]. A recent study found a strong correlation between
passenger volumes, number of flight routes, and the number of domestic and international COVID-19
cases, highlighting the role of air transport on the spread of the pandemic [19]. Further, each 0.1 weekly
increase in the share of Home-County stayers resulted in about six fewer COVID-19 cases or about
0.1 fewer COVID-19 deaths in the USA [20]. More specifically, limiting children’s overseas travel was
found to reduce short-term risks and contribute to delaying the outbreak by a few weeks [21]. Further,
the travel restrictions at the source of the outbreak had delayed the spread of the pandemic by a few
days at the national level, while it was effective in limiting the spread internationally by a couple
of weeks; after that public health interventions and behavioral changes will be needed to curb the
spread [22]. The international travel restrictions were suggested to have limited value and feasibility
to limit the spreading of the HIN1 influenza pandemic. Further, considering the increased mobility of
people, it was unlikely that travel restrictions can be applied effectively for future pandemics [23].

A review of studies suggested that air transport accelerates and amplifies the propagation of
influence, while no similar evidence was found for sea transport and road transport [24]. However,
other studies showed that road transport affects the spread of disease. The movement of people affects
the number of infected people and the duration of the disease severely [25]. Travel between cities is a
major factor in affecting the outbreak of a disease. The mobility and length of stay at the destination
and spatially controlled individual mobility affect the dynamics of an epidemic [12,26]. The load
distribution and increased network density contribute to the epidemic spreading [27]. Further, it was
determined that the epidemic spread can be limited by using an adaptive routing strategy rather than
a conventional static routing strategy [28]. Recently, in South Korea, with the outbreak of COVID-19
the traffic volumes decreased, and as soon as the newly detected cases decreased the traffic volumes
showed an increasing trend [29].

Previous studies which explored the role of transport on other epidemics, such as influenza
A/HINI, SARS, and Ebola, explained that the road transport and socioeconomic status [30], railways,
highways, and civil aviation (railways and airlines at early stages, and highways simultaneously) [31],
subway ridership [32], and air travel rate between cities [33] affected the spread of the disease
significantly. In the case of high subway ridership, the disease propagated and the interventions used
for passengers provided limited benefits [32]. It was found that a bus transport network has a finite
epidemic threshold. If the rate of infection is below this threshold then large-scale outbreaks are not
possible. However, if the infection rate is more, then the spread stabilizes in a balanced state [34].

The early and continuous implementation of social distancing measures have been shown to
limit the spread of a pandemic [35]. The travel restrictions were found to be effective if imposed at
the time of the early stage of the outbreak, and once the outbreak has spread widely, the restrictions
become less effective [36]. Another study also emphasized that if travel restrictions are implemented
at a suitable time, then it can help to prevent large-scale outbreaks of the disease [37]. Local travel
restrictions in the early stage of the disease were found to be more efficient in controlling the spread
(Ebola virus) rather than controlling the global spread through international travel restrictions [38].
Further, the spread of influenza was more during recreation and daily needs activities rather than at
home, work, or school [39]. It was suggested to limit the contact of less active individuals and allow
optimal contact between the active groups to reduce the potential of an outbreak [40]. The way of
interacting with others during holidays is a key factor in moderating the effect of school closures on
the seasonal influenza epidemic. Moreover, weekends and school breaks aided in containing the size
of the epidemic [41]. Behavioral changes, such as self-protection and quarantine, were effective in the
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disease spreading as they led to an increased epidemic threshold and decreased steady-state fraction
of infected individuals [42].

4. Impact on Road Transport

Transport, being a primary sector, is the worst affected sector amongst all followed by the
industrial and manufacturing sector due to lockdown because of COVID-19 [43]. The various degrees
of restrictions adopted to curb pandemic change peoples’ lifestyles and affect their social interactions
and economic conditions. This has a direct effect on their travel and outdoor activities [43,44]. Most of
the studies conducted a before and after comparative study to highlight the impacts. The detailed road
transport impacts are classified into four major categories, as presented below.

4.1. Impact on Mobility

The movement restrictions found to be effective in limiting the spread have directly affected
mobility. Eight studies assessed the changes in mobility by comparing the before and after values at the
city level. Globally, a large dip was seen in mobility due to fear from COVID-19 and the government
orders to mitigate the spread [45]. In the severely affected cities, the mobility was reduced up to
90% [43]. In the USA, population mobility was reduced by 7.87% due to official stay-home orders.
Further, a rise of local infection rate from 0% to 0.0003% lowered the mobility by 2.31% [46]. After the
introduction of a national emergency in the USA, New York observed 73% reduction in mobility and a
median maximum distance to less than 0.1 km compared to base conditions [47]. A study that used
data of 44 cities in China showed a drop in mobility by 70% after travel bans were implemented [48].
Similarly, an overall reduction in mobility by 76% was observed in Spain [49]. In Sierra Leone,
the travel restrictions substantially decreased travel, especially for long-distance trips, i.e., 31%, 46%,
and 76% reduction for distance within 15 km, 15 to 30 km, and more than 30km, respectively. However,
the travel patterns became normal quickly after the lifting of restrictions [50]. During a pandemic,
anxiety and fear of infection, which is particularly influenced by social media, significantly reduce
people’s mobility. About 90% of people in Karachi, Pakistan refrained from making outdoor trips to
crowded areas due to fear of infection and health risks for their families due to COVID-19 [51].

4.2. Impact on Traffic Conditions

The reduced movement of people will have a direct effect on the operating characteristics of traffic,
such as patterns, volumes, speeds, and level of service. Only four studies were found to have analyzed
operational characteristics at various places. The confinement measures resulted in a reduction in the
morning and midday traffic, lesser than normal afternoon volumes, and afternoon peaks disappeared
in Spain [49]. An Italian university observed 10% of the total traffic with massive changes in the
traffic patterns during the lockdown as the students were offered online lectures [52]. In California,
the shelter-in-place order reduced the traffic volumes from 20% to 55% on highways compared to before
the order was in place. This increased the maximum and average traffic speeds significantly by an amount
of 1 to 4 mph [53]. In South Korea, initially, an increase of 17.3% traffic was observed after confirmation of
the first case, later the traffic dropped by about 23% to 26% as the pandemic severity increased [29].

4.3. Impact on Traffic Safety

The changes in traffic conditions alter the traffic safety situation. They can improve traffic safety
due to the availability of more space and lesser conflicts on the road or worsen the situation as the
presence of a lesser number of vehicles can trigger unsafe driving behaviors. Thus, it is important to
study the effect of changed transport conditions on traffic safety. Subsequently, only five studies on the
traffic safety impact assessment were found from different countries. The road traffic crashes were
reduced significantly due to lockdown in India. Around 10,000 road fatalities were avoided in a month
at the cost of 200 loss of lives due to COVID-19 [54]. The traffic crashes were reduced by 67% in Spain
due to quarantine measures [49]. After the release of the state order for stay-at-home, many states in the
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USA observed a 50% reduction in traffic collisions, which accounted for saving in the range of $7 billion
to $24 billion [55]. California also experienced a significantly lower daily number of collisions in 22 days
of shelter-in-place order compared to the value before the restrictions. The collisions with injury and
fatality were reduced by half along with total collisions per day. Further, a significant reduction of
trauma injuries by 38% and 46% was observed in motorcycle and bicycle/pedestrian-related injuries,
respectively. These reductions in collisions accounted for a saving of $40 million/day [53]. In Turkey,
when strict stay-at-home orders were implemented for a whole month, the traffic crashes, fatalities,
injuries, and crashes with material loss reduced by 60%, 43%, 64%, and 75%, respectively, compared to
the same time during the previous year [56].

4.4. Impact on Travel Behavior

The preventive measures will affect the way people undertake their travel, including limiting
the number of trips to changing modes of travel and destinations. It was speculated that due to
COVID-19, people would reduce their travel, and would prefer active modes or cars over public
transport, which would put additional pressure on available road infrastructure. This would reduce
traffic volumes and affect people’s well-being [57,58]. The social cost associated with the shifting
of public transport users to cars was estimated as €11-20 billion depending upon the scenarios [59].
In South Korea, MERS reduced the number of people traveling by public transport by more than 10%.
Around 14% and 9% reduction in trips was observed to affected areas and other areas, respectively.
Further, the travel cost per person and total travel time by transit was also reduced. It was found that
the fear from the pandemic influenced the travel by transit depending upon the regional characteristics
and life fixity levels [60]. Another study also found that individuals tended to reduce travel to locations
in which they perceived medium or high risk of contracting influenza/COVID-19, such as stores [61].

The quarantine measures modified people’s trip purposes and work remained as the only important
purpose in Spain. Public transport observed the highest drop, i.e., 93%, amongst all modes due to
confinement measures [49]. The movement restrictions experienced different changes for various modes,
the share of private cars increased from 43% to 65%, while the share of public transport reduced from
43% to 18%. The mode share by cycling (4%) was doubled compared to 2018 [62]. The analysis of
the Netherland’s Mobility Panel data showed that the lockdown affected people’s travel behavior and
activities temporarily, with about 80% of respondents reducing their outdoor activities. Further, compared
to 2019, 55% fewer trips were undertaken and the travel distance was reduced by 68%. Additionally,
travel by walking or cycling increased and people preferred private cars and rejected public transport.
After the lockdown, about 20% of people were expected to walk or cycle more and fly less [63].

The influenza risk perception showed that during health emergencies, perceived risk for all trip
types would be increased. Perceived susceptibility and self-efficacy significantly influenced domestic
travel avoidance [64]. Besides, travel avoidance was attributed to the perceived risk, subjective
knowledge, age, and gender of respondents. Further, males showed a lesser tendency to change their
travel plans compared to female counterparts. Even though the increased risk was perceived at work,
it did not alter their work travel significantly. However, the travel to other locations was reduced
where perceived risk was high or medium [61]. The Google mobile phone data of users in the USA
showed that the safer-at-home policy reduced the frequency and time spent at parks, grocery stores,
retail, transit stations, at work, and increased time spent at home significantly [55].

Furthermore, the interrupted transportation service in Nigeria affected residents’ economic,
social, and religious activities. The residents pointed out the increased cost of transport,
unavailability of transport and traffic congestion as major transport issues during COVID-19 [65].
It was concluded that the regulations to control the spread should be chosen depending upon
the phase of the outbreak. Further, some evidence to provide safe public transportation after
lockdown is lifted was found to be emerging [66].
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5. Impact on the Environment

Transport being one of the major contributors to air pollution, the impact of reduced trips on
environment needs to be quantified. Several studies were found assessing the impact of COVID-19
on air quality in various cities. The travel restrictions and related reduction in economic activities
resulted in a short-term impact on air quality around the world [44,67,68]. Generally, PM; 5, CO, NO,,
O3, SO,, and PMj are taken as indicators of air quality. Studies showed that the concentration of
PM, 5, CO, NO,, and PM; were reduced significantly [67,69-74] and consequently the ozone level
was improved in different parts of the world [69,71-74]. The concentration of Black Carbon (BC)
was also reduced by half during the lockdown period in Spain [74]. The total excessive risk due to
these pollutants was reduced by four times due to reduced pollutants levels [73]. Environmental
pollution reduced up to 30% in severely affected cities [43]. Further, the air quality near transport
and industrial hubs were improved by about 60% in India [70]. A decrease in the Air Quality Index
(AQI) of around 8% was observed in 44 cities in China. Further, the reduction in AQI, CO, and PM; 5
was partially mediated by reduced mobility due to travel bans, while the reduction in SO,, NO,,
and PM;( were completely mediated [48]. The reduced economic activities resulted in reduced coal
consumption in China and subsequently lower energy consumption and Greenhouse Gas (GHG)
emissions [67]. Along with air pollution, water pollution was also reduced across the world [44]. In the
USA, the concentration of PM, 5 was reduced by a quarter, which translated to a saving of $650 million
to $13.8 billion. The pollution levels reduced more in urban counties compared to smaller counties [55].

6. Other Impacts

6.1. Impact on Air Travel

International travel restrictions affect air travel significantly. The travelers’ response to influenza A
showed that people undertake protective behaviors depending upon their demographic characteristics
and perceived risk of illness; they might cancel their travel plans to avoid the risks [75,76]. Only two
studies quantified the impact of travel restrictions on air travel. An assessment of the impact of the
travel ban on the aviation sector during COVID-19 showed that in the worst-case scenario, the world
GDP will suffer a loss of 1.41% to 1.67% with 25 to 30 million job losses across the world by the end of
2020 [77]. The industry experts believed that COVID-19 would result in serious consequences in the
air transport supply in the long run. The recovery of business-related travel was a concern due to the
advancement in technologies. On the contrary, leisure travel could make a quick recovery, but lack of
disposable income would be a barrier, and hence would need subsidies [78].

6.2. Tourism

The pandemic was thought to impact tourists’ thinking and would result in altering the way they
travel. Further, the residents would not welcome the tourists and support tourism. Hence, the indirect
effects and long-term impacts should be considered [79]. Due to COVID-19, all over the world,
the tourism sector was one of the most badly hit sectors due to the closure of borders and restrictions
on internal movements. All countries experienced at least 50% decline in visitors. Further, the future
predictions were also uncertain, estimating severe impacts in the next six to twelve months and a
slower growth thereafter [80]. Further, most of the respondents in the USA considered Ebola to be
serious and as a protective measure tended to avoid domestic travel, which greatly affected the tourism
sector [64]. A survey of post-pandemic travel behavior of Chinese residents showed that respondents
planned shorter holidays and delayed their travel plans at least six months after the pandemic was
under control. However, the duration of the holiday was not shortened by respondents with a higher
level of education [58].



Sustainability 2020, 12, 7367 13 of 22

7. Discussion

A strong relationship was found between the emergence of infectious diseases and the transport
sector. As the spread of infectious diseases starts, government authorities stop/discourage outdoor
activities to reduce contact between communities to control the infection. This results in reduced travel
and lower rates of infection. However, once the infection rates are controlled, people start to undertake
outdoor activities that pose the risk of a new outbreak. To control the outbreak, spread needs to be
minimized even though travel is undertaken. This research explored the role of the transport sector
in controlling infectious diseases and the effect of the mitigation strategies on the transport sector
from scientific evidence. Overall, the emergence of all infectious diseases showed similar responses by
people; however, COVID-19 was the most researched pandemic in the 21st century.

Many studies have utilized the link between transport and infectious diseases to predict the
spread of the diseases using various models. The relationship of various parameters with spread of
infectious disease is as shown in Figure 2. It was noted that the travel restrictions, for local as well as
domestic or international air travel, are effective if applied at the early stage of the outbreak. At the
later stage, the travel restrictions become less effective, and behavioral changes become prominent
in controlling the outbreak. Further, travel restrictions at the source of the outbreak help to delay
the spread internationally. The mitigation measures applied to public transport were found to be
ineffective and achieved fewer benefits. Further, the diseases spread rapidly during daily needs activity
and recreational activities compared to activities at home, work, or school. Also, the activities during
weekends and school breaks aggravated the spread. Lastly, the mitigations should be planned such
that the less active age groups, being more vulnerable, have limited contact and active groups have
optimal contact to limit the spread.

A Air travel
A Movement of people
A Transit use

-]

\
3
\
|
|
|
/
/

A Road transport R
A Recreation/shopping h
S A Weekends/holidays
//' A Contact of less active people
% |
\ A Social distancing \
T A Travel restrictions \
A Self protection g )
A Quarantine T
A Work/home/school

Figure 2. Transport and spread of infectious diseases.

The occurrence of infectious diseases affects travel and outdoor activities significantly. The effects
are shown in Figure 3. People reduced outdoor activities and related travel due to fear of contracting
the disease and also to follow the government orders. As a result, a significant drop in mobility was
observed across many cities around the world, particularly due to COVID-19. The traffic patterns
changed with lower peak traffic volumes and reduced congestion levels across cities. The drastic drop
in traffic volume led to marginally increased travel speeds on some highways. On a positive side,
the number of crashes, fatalities, and injuries due to crashes reduced significantly for all modes of
transport. In addition, lower material losses were reported due to traffic crashes compared to before
the occurrence of diseases or a similar time the previous year. These reduced crashes resulted in
considerable savings to the government.
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Figure 3. Transport impacts of occurrence of infectious diseases.

The studies on travel behavior indicated that the perceived risk and self-efficacy affect travel for
various trip purposes. Work travel was found to be the most important and was not affected unless
strict lockdown measures were implemented, while all other trip purposes such as social, shopping,
visits to parks, religious activities, etc., remain highly restricted. People generally avoided trips to
crowded places where the risk of infection was medium to high. The gender differences revealed
that males were less likely to change their travel plans compared to female counterparts. Overall,
the number of trips and travel distances observed a decrease. All the mode shares during the infected
period were affected by changes in the conditions, while public transport observed the most significant
reduction. People preferred to travel by private cars and for short distances they preferred walking or
cycling. The preference for private cars incurred social costs to the nations. In a developing country,
restricted public transport services affected people’s daily activities.

The reduced travel showed positive impacts on air quality due to lesser vehicles on the road.
The concentration of major air pollutants such as PM; 5, CO, NO,, O3, SO,, BC, GHG, and PM; was
reduced drastically and the ozone levels were improved. Along with air pollution, water pollution has
also seen a reduction, providing health benefits to the public and economic benefits to the nation.

Along with local/road transport, travel by air and the tourism sector is also affected by the
outbreak of infectious diseases. People tend to cancel their travel plans to minimize the risks of
infection. Due to the wider spread of COVID-19, these sectors suffered severe losses and it is predicted
that the full recovery will take a long time, especially for business travel. The tourism sector faced
severe consequences due to a sense of insecurity among tourists (delayed holidays) and residents
non-acceptance (not welcoming tourists). In summary, the outbreaks change people’s lifestyles
significantly and the impacts last for a much longer time than expected.

7

8. Applications and Future Research

This paper summarized the outcomes of the research on the impacts of outbreak of infectious
diseases on the transport sector. The insights gained from the review will be useful in planning future
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mitigation/control strategies during health emergencies or any other situation that requires prevention
and control measures. Targeted interventions and protective behaviors can be planned to handle
future outbreaks of infectious diseases. Further, the inferences from the literature will help to identify
target groups and specific travel restrictions to be implemented at different stages of an outbreak.
The outcomes can also be used for scenario testing, which will aid planners in managing emergency
conditions. The direct application of the results is possible, because many studies were based on
actual/practical observations. Further, this review will assist decision-makers to compare responses for
different pandemics and provide results to assist in handling future pandemics better.

Although many studies were found on the latest pandemic of COVID-19, this research has
identified some areas for future research. Table 2 provides details of the gaps and areas for future
research along with benefits or applications. Many studies focused on understanding the link between
transport and the spread of infectious diseases. However, there is limited knowledge of the most/least
effective transport strategies in controlling the spread and timing of the application of these strategies.
The studies on the transport impacts assessment were limited and mostly using a comparative
approach for transport impact assessment on mobility, traffic conditions, travel behavior, traffic safety,
and environment. Detailed studies are required to understand each aspect completely to aid in the
development of response strategies. A remarkable mode shift was observed as people preferred cars,
walking, and cycling. Studies are required to be undertaken to make some temporary infrastructure
changes to accommodate increased demand by active modes of transport, considering the requirements
of social distancing. Experimental studies will contribute significantly in this regard. Further, to shift
people back to public transport and design resilient public transport, strategies need to be speculated
and implemented carefully to achieve a balance between revenue and expenditure. Studies related to
policymaking, perception, and attitudes will be vital for this. Besides this, although few studies have
shown that the traffic volumes were approaching normalcy after a decrease in the number of new cases,
more research is required to assist people in bringing back normal life and study time required for the
same. Further, the health impacts of increased car usage and driver behavior change, if any, should
be investigated. Studies on behavioral research can help to fill this gap. Furthermore, no study was
found on assessing the impacts on paratransit modes, such as taxis and autos, and shared transport
such as ride-sharing, ride-hailing, carpooling, etc. With the advances in transport systems, effects and
strategies for resilient shared transport should be prepared through discussion and consultation with
experts and residents. Further, little research was found on air travel and tourism despite being one of
the severely affected sectors. Another least explored aspect was the economic impact assessment for
various affected transport sectors.

Table 2. Gaps and areas of future research.

Gap Future Research Applications/Benefits

Transport and Spread of Disease

Limited research on the applicability of
various transport policies in controlling
spread effectively

Develop models to test the effect of various
transport restrictions on the spread of

the disease

Develop models to assess spread based on
local conditions and timing of
implementation of measures

Effective controlling of spread
Most effective/least effective method

Limited research on spatiotemporal
models of spread

Develop spatiotemporal models considering
the latest transport technologies

Apply localized restrictive measures

Mobility

No evidence of detailed impact on
mobility

Investigate impact on mobility for various
segments and trip purposes/type
of destination

Detailed understanding of
mobility changes

No evidence on the impact of mobility
changes on transport costs

Assess impacts on vehicle operation and
maintenance cost

Assess impacts on road infrastructure
operation and maintenance cost

Economic impacts of mobility changes
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Gap

Future Research

Applications/Benefits

Traffic Conditions

Little evidence on the impact of travel
restrictions on traffic conditions

Assess immediate impact of sudden travel
restrictions on traffic conditions
Determine the impact of staged travel
restrictions on traffic conditions

Assess impacts of temporary changes in
infrastructure on traffic conditions

Planning for temporary
management measures

Plan for better implementation of
travel restrictions

Limited research on the effect of
traffic performance

Assess effect of changed traffic conditions
on speeds on various road types in urban
and rural areas

Assess immediate and short-term effects of
travel restriction

Better management of
enforcement measures

Limited research on traffic flow over
the city

Models to predict traffic conditions due to
sudden changes

Effect of travel restrictions on
performance levels

No evidence on impacts on auxiliary
modes of transport

Assess impact on taxi, auto rickshaw,
personalized rapid transit, etc.

Understanding of transport impacts

No evidence on impacts on emerging
modes of transport

Assess shared transport, autonomous
vehicles, personal mobility vehicles

Understanding of transport impacts

Traffic Safety

Limited impact assessment studies

More studies on impact of various travel
restrictions on traffic safety

Improve understanding of traffic
safety situation

Little research on economic assessment

Assess the effect of changes in traffic
conditions on accident costs, physical
damage and maintenance costs, hospital
costs, and insurance costs, etc.

Economic impacts of changed traffic
safety situation

No evidence of detailed analysis of
traffic safety assessment

Detailed study to assess traffic crash
variations for various socioeconomic
subgroups and locations

Improve understanding on traffic
safety situation

No evidence of impact on
driving behavior

Determine impact on driver behavior to find
out most/least affected subgroups

Development of enforcement strategies

No evidence of effect on violations

Assess effect on different types of violations,
penalties issued, and revenues
from penalties

Better understanding of driver behavior
and economic impacts

No evidence of impact of mental health
on driving behavior

Assess impact of changed
mental/psychological conditions on
driver behavior

Formulate strategies to improve
traffic safety

No evidence on impact of modified
infrastructure (to address pandemic)

Assess impacts of changed infrastructure
conditions on traffic safety

Managing transport
infrastructure better

Travel Behavior

Limited research on changes in travel
behavior during outbreak

Detailed studies to assess changes in travel
behavior for various

socioeconomic subgroups

Studies to determine changes in perceptions
of travel behavior

Studies to determine changes in the
attitudes of the people towards various
modes of transport

Studies on insight into temporary and
permanent shift in travel behavior

Better understanding to develop
strategies for recovery

Little evidence on the impact on trips by
active modes and well being

Investigate effect on travel by walking and
cycling and related health benefits

Strategies to promote active modes
of transport

No evidence of modeling travel
behavioral changes

Develop models for travel behavior changes

Assist in planning

Environment

Little evidence on savings/benefits
related to environmental changes

Assess the economic impacts of changes in
the environment

Economic impacts of air pollution

No evidence on noise pollution

Assess impacts on noise levels at various
transport facilities

Better understanding of
environmental impacts

No evidence on long-term impacts

Models to investigate long-term impacts of
short-term improvements in environment

Assist in future response strategies
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Gap

Future Research

Applications/Benefits

Air Travel

Very limited evidence of impact on
air travel

Assess impacts at national and global level
in various sectors such as volumes,

trip patterns, etc.

Impact of reduced air travel by

population subgroups

Assess changes in perception and attitudes
of domestic and international air travel

Better understanding of impacts to plan
for mitigation measures

Very limited evidence of impact on
economic aspects of air travel

Assess economic and financial impacts on
air transport at various levels

Better planning of recovery strategies

Tourism

Very limited evidence of effect on
travel-related to tourism sector

Quantify impacts on domestic and
international tourism

Assess impacts on local transport due to
reduced tourism

Better planning of recovery strategies

Very limited evidence of economic
impacts on tourism

Assess economic impacts on travel and
tourism on national and international level
Perform cost-benefit analysis after
considering the local cultural and

social impacts

Strategies for economic management

Other Areas—Transport Planning

No evidence was found on impact on
transport policies

Assess impacts on planning and operations
of private modes of transport

Assess impact on planning and operations
of public transport policies

Development of policies considering
existing and before conditions (using
existing results)

Develop robust transport policies

No evidence on changes in transport
policies and link to travel behavior

Determine relationship between revised
transport policies with travel behavior
by subgroups

Strategies to sustain shift towards
sustainable/active modes

Other Areas—Post-Infectious Disease/Pandemic Research

No evidence was found on transition
from outbreak (pandemic) to normal
situation (post-pandemic)

Decision of optimal timing and ways of
lifting of travel restrictions

Assess impact on operations while
transition from lower traffic conditions to
normal traffic conditions

Assess impact on use of pedestrians and
cyclists due to the changed traffic conditions
Determine pedestrians’ acceptance of
precautionary measures such as social
distancing and impact on performance of
pedestrian facilities.

Develop a plan to promote
active/sustainable modes

Develop a plan to open public transport,
balancing revenues and expenditure
Develop strategies to build trust and sense
of safety among passengers to promote
public transport usage

Prepare a plan for promoting use of
auxiliary modes of transport

Develop strategies to promote safe use of
auxiliary modes of transport

Study of actual road user behavior
post-infectious disease

Determine use of distractions during
driving post disease era due to excessive use
of IT devices while stay-at-home

Model traffic recovery patterns and obtain
the recovery period

Develop strategies to maintain improved
traffic safety situation

Develop strategies to retain environmental
benefits/savings

Develop strategies to promote air travel
post-infectious disease control era
Application of existing ITS infrastructure for
smooth transition

Effective transition to new normal
phase, prevention of sudden spikes, a
second wave
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Table 2. Cont.

Gap Future Research Applications/Benefits
Limited research on people’s changed e  Assess the impact of peoples’ changed Assist in planning of
attitudes on transport attitudes on driving behavior mitigation strategies

e Assess the impact of perceived risk/fear of
infection on travel behavior

e Investigation of impact on concerns over
traffic issues after disease is over

e Investigate effect on attitudes and concerns
towards use of public and auxiliary modes
of transport

Other Areas—Resilient Transport Systems

No evidence of strategies for resilient e Develop framework and policies for Some essential transport systems,
transport system (without increasing resilient sustainable transport systems in in addition to private vehicles,
spread of disease) response to health emergencies can provide service

®  Resilient land use and density planning
No evidence of use of existing ITS e Investigate role of existing intelligent Effective utilization of existing
infrastructure during transport infrastructure in developing infrastructure in managing
health emergencies resilient transport system transport operations
No evidence of development of e Develop strategies for sustainable Strategies to manage tourism
sustainable resilient tourism resilient tourism sector effectively

No studies were found addressing the short-term or long-term impacts on transport planning due
to the outbreak of infectious diseases. Further, a lot of research is required on the transport impacts
of post-disease or post-pandemic period, as its severity, spread, and time of infection is considerably
long. Consequently, all the sectors will need time and application of special strategies to recover and
achieve new normal situation. Very little evidence on the post-pandemic period was found, which
highlights the need for research on various aspects. Further, the impact and usefulness of various
recovery strategies applied after controlling the spread of infectious disease need to be investigated
in detail for effective application. This area has a lot of potential for further research to make a
smooth transition from outbreak phase to the new-normal life. As the transport sector is badly hit
during the outbreak of infectious diseases, strategies for building resilient transport systems need to be
developed. Overall, limited studies were found on developing countries, which calls for research in all
relevant areas.
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