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Abstract
The recent emergence of a novel coronavirus (severe acute
respiratory syndrome coronavirus 2) has caused a pandemic,
which is the most severe infectious disease outbreak in many
decades. Other infective agents such as influenza as well as
other neglected viruses such as Lassa virus, Nipah virus or
poxviruses are also a cause for concern owing to their attack
rate and potential for global spread. Drug-resistant bacteria,
such as Mycobacterium tuberculosis, are already a significant
public health issue in many countries, and it is expected that
they will be expanding in the near future. Finally, airborne
bioterrorism agents have high morbidity and mortality rates
and should be looked with concern in the current international
unrest.
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Introduction
Traditionally, the respiratory transmission of infective
agents has been classified into different categories

depending on the size of the inhaled particles. While
airborne transmission is defined by the inhalation of small
particles (<5 mm), droplet transmission involves larger
www.sciencedirect.com
particles [1]. A further route of transmission, aerosols, is
defined as the presence of solid or fluid particles in a gas,
such as air. This has significant implications not only in
terms of transmission preventiondlarger particles tend to
travel longer distancesdbut also in pathophysiological
terms because airborne particles tend to deposit on the
lung alveoli and droplet transmission tends to involve
contact with mucosae [2].

Aerosol or airborne pathogens are particularly concern-
ing owing to their high infection rate, which if linked
with significant mortality rates, can lead to global health
crises. The current collusion of several factors (popula-
tion movements, natural catastrophes, climate change,
wars, deprivation and so on) is causing a globalisation of
infections and public health issues, with significant
clinical, social and economic repercussions, as the cur-
rent severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) pandemic is showing.
Coronavirus
Severe acute respiratory syndrome coronavirus 2
In December 2019, an outbreak of pneumonia of un-
known cause was reported in Wuhan, China. Samples

from bronchial lavages in patients diagnosed with this
pneumonia revealed the existence of a new beta-
coronavirus (SARS-CoV-2), which is found to be the
causative agent of this respiratory syndrome [3]. In
March 2020, the World Health Organization declared
the worldwide expansion of the SARS-CoV-2 pandemic,
and as of June 2020, more than 26 million cases have
been diagnosed, causing more than 800,000 deaths in
188 countries [4]. In epidemiological terms, this is the
largest outbreak of an infectious disease since the 2009
H1N1 influenza pandemic [5].

Coronaviruses (CoVs) are a family of single-stranded
RNA viruses, with a genome of 30 kB. Beta-CoVs have
a phospholipid envelope, with several surface proteins,
such as the spike, haemagglutinin esterase, nucleo-
capsid and the membrane proteins [6] (Figure 1). SARS-
CoV-2 binds to the cell through the ACE-2 enzyme,
which is used as the receptor [7].

Initial cases of SARS-CoV-2 infections, clinically named
coronavirus disease 2019 (COVID-19), were linked with
exposures to wet markets [9]. The genomic
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Figure 1

SARS-COV-2 replication cycle. E, esterase; M, membrane; N, nucleocapsid; S, spike; SARS-COV-2, severe acute respiratory syndrome coronavirus 2;
ER, Endoplasmic reticulum.
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characterisation of SARS-CoV-2 showed similarities to
that of two bat CoVs (bat-SL-CoVZC45 and bat-SL-
CoVZXC21) and, to a lesser extent, to that of SARS-
CoV and Middle Eastern respiratory syndrome corona-

virus (MERS-CoV) [7]. Initial reports confirmed an
early zoonotic or environmental transmission, followed
by sustained person-to-person transmission in the
community[8]. Further reports confirmed cluster
transmission of SARS-CoV-2 [10], in keeping with
droplet transmission. SARS-CoV-2 is considered to be
transmitted mostly by small respiratory droplets (<5-
mm diameter), through the respiratory tract or eye
mucosae after close contact (<1 m) with an infected
individual [11]. Transmission through fomites has also
been described because SARS-CoV-2 can remain viable

and infective in droplets for over 3 h and up to 72 h on
other surfaces [12]. Faecaleoral transmission has also
been considered. Studies have reported positive faecal
SARS-CoV-2 PCR results in 36e53% of patients [13],
whereas vertical transmission [14] is less plausible
because there is no solid evidence with regard to the
presence of SARS-CoV-2 in amniotic fluid, cord blood or
breast milk [15]. Parenteral transmission is unlikely due
to the low prevalence of detectable viraemia in patients
Current Opinion in Environmental Science & Health 2020, 17:41–48
with COVID-19 [16] along with generally low serum
viral loads [17]. However, further research in this area is
warranted.

SARS-CoV-2 has an incubation period of 14 days from
exposure, with most patients developing symptoms
after 4e5 days [18]. Most patients present with mild
coryzal symptoms (mostly fever, fatigue and cough),
anosmia, dysgeusia as well as occasional vomiting and
diarrhoea. Severe diseases occur in approximately 20% of
cases, and admission to intensive care units is required
in 5% of patients owing to respiratory distress, heart
ischaemia, arrhythmias or immune hyperreactivity [19].
Mortality rates range from 1.5% to 13% depending on
the series [20]. Severe presentations and mortality have

been associated with factors such as age, previous
comorbidities, male gender or obesity. Of note, there are
a significant proportion of asymptomatic patients [21],
which pose a public health threat, particularly for
vulnerable patients [22].

The treatment of COVID-19 is based on supportive
measures because no drugs have proven their efficacy
against SARS-CoV-2 in large clinical trials, and a vaccine
www.sciencedirect.com
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is not yet available. Several drugs have been proposed as
plausible treatment for SARS-CoV-2 infection. Chloro-
quine and hydroxychloroquine could be efficacious
owing to their immunomodulatory effects as well as in-
hibition of viral entry and endocytosis. However, their
efficacy as treatment or prophylaxis in patients with
COVID-19 is still unclear, and their safety profile is
controversial owing to the high dose used and the as-

sociation with other drugs with which adverse effects are
shared (mainly QT prolonging effect) [23]. HIV prote-
ase inhibitors have also been proposed as possible
treatments for SARS-CoV-2 infection. Lopinavir and
darunavir could also inhibit SARS-CoV-2 protease, as
found in in vitro studies. However, early clinical data in
patients with severe COVID-19 did not show a benefit
in adding lopinavir to supportive management [24].
Further studies with darunavir are ongoing. A study on
patients with Acute respiratory distress syndrome
(ARDS) secondary to SARS-CoV-2 receiving methyl-

prednisolone [25] showed a decrease in mortality, and
early results from the RECOVERY trial have shown that
dexamethasone reduces mortality in severely ill patients
[26]. Monoclonal antibodies aimed at decreasing inter-
leukin-6 activation and signalling have also been
assessed. Tocilizumab has shown some efficacy in
severely ill patients, particularly in those with raised
interleukin-6 levels [27]. Finally, remdesivir, a prodrug
of an adenosine analogue, has displayed in vitro activity
against SARS-CoV and MERS-CoV polymerases [28]. A
randomised study in patients with severe COVID-19 did

not show significant differences in mortality, clinical
improvement or length of hospitalisation [29]. Further
trials, particularly in patients with milder disease, are
warranted. Other treatment strategies such as the use of
interferon, hepatitis C NS5B polymerase inhibitors,
ivermectin or plasma from recovered patients are being
assessed. In addition, several clinical trials on vaccines
are ongoing (Table 1).

Other CoVs
In 2003, an outbreak of a novel CoV causing the so-
denominated SARS was reported initially in China,
with further cases described mostly in South-east Asia
and Canada [30]. Horseshoe bats have been found to be

the main reservoir of SARS-CoV-2, with other species
such as civets acting as intermediate hosts. Human-to-
human transmission through respiratory droplets is the
main transmission route, as well as through respiratory
secretions in healthcare settings. Transmission through
fomites has also been reported [31]. SARS-CoV-1 has an
incubation period of 2e7 days, and symptoms appear
within 10 days after exposure. Fever, cough and coryzal
symptoms are the most common clinical features of
SARS-CoV-1 infection, which, particularly in patients in
high-risk groups, such as older age individuals or those

with previous comorbidities, can progress to respiratory
distress and multiorgan failure. Caseefatality ratio was
www.sciencedirect.com
estimated around 16%, increasing up to 50% in patients
older than 65 years [32]. At the time of the outbreak, no
treatment or vaccine was available, and supportive
treatment was the only possible option for patients with
SARS-CoV-1 infection. After the implementation of
containment measures, the first wave of the epidemic
was controlled. Since the mid 2000s, no cases of SARS-
CoV-1 infection have been notified. However, the

2003e2005 SARS epidemic showed the pandemic po-
tential of CoVs as well as the need for improving hygiene
and public health standards worldwide.

In 2012, several cases of viral pneumonia were reported
in patients in Saudi Arabia and other Middle Eastern
countries, resulting in the identification of a novel CoV,
the MERS-CoV [33]. MERS-CoV is another beta-CoV
transmitted from camels to humans through contact
with respiratory droplets or consumption of camel
products. Transmission between humans happens

mostly through respiratory secretions in the context of
close contact, households or nosocomial environments
[34]. MERS-CoV uses Dipeptidyl peptidase-4 (DPP-4)
receptors as the binding site. In clinical terms, MERS-
CoV has an incubation period of 5 days, although in
some cases, it can be as long as 2 weeks. Fever, cough
and coryzal symptoms are the commonest presentations,
whereas patients with comorbidities or older age tend to
develop complicated pneumonias and ARDS. Overall
mortality rates range from 30% to 45% [35]. No effica-
cious treatments against MERS-CoV have been identi-

fied, making hygiene and risk reduction the only current
approach to prevent infection. Owing to its low trans-
mission rate, MERS-CoV has not yet shown an actual
pandemic potential, although mutations or transmission
between humans in the setting of travels to risk areas
could increase its incidence in the future.
Influenza
Different strains of influenza viruses circulate world-
wide every year during winter months, causing signifi-
cant morbidity and mortality despite being a vaccine-
preventable disease.

Influenza viruses are enveloped, RNA viruses. The en-
velope contains several glycoproteins, particularly
haemagglutinin (HA) and neuraminidase (NA). Both
HA and NA undergo mutations, leading to two different

processes. First, antigenic drifts due to point mutations
in HA or NA cause outbreaks of variable severity and
extension. Besides, reassortments between animal and
human influenza strains can lead to the development of
viral shifts, which create new strains with a pandemic
potential. Because influenza viruses are transmitted
through droplets, further influenza pandemics can be
expected, as has happened in previous occasions [36]. In
recent times, two outbreaks of newer influenza viruses
have been reported. First, an outbreak of avian influenza
Current Opinion in Environmental Science & Health 2020, 17:41–48
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Table 1

Main clinical trials for COVID-19 therapies.

Trial Study type n Intervention Findings

Hung et al. [56] Phase 2, multicentric RCT 127 LPV/r + IFN b-1b +
RBV vs LPV/r

Shorter time to undetectable PCR
and length of hospitalisation in the

combination group
Wang Y [29] Double-blind, placebo-controlled

, multicentric RCT, severe COVID-19
237 Remdesivir vs placebo No clinical differences. Higher

rate of adverse events in the remdesivir arm
Beigel JH [57] Phase 2, double-blind,

placebo-controlled, RCT,
COVID-19 pneumonia

1059 Remdesivir vs placebo Shorter time to recovery in the the
remdesivir arm. No differences

in mortality rates.
Tang W [58] Multicentric, open-label, RCT,

mild/moderate COVID-19
150 Hydroxychloroquine

+ SOC vs SOC
No differences in time to negative conversion

RECOVERY [26] Multicentric, RCT 1542 Hydroxychloroquine vs SOC No differences in mortality
or in length of hospitalisation

Campochiaro C [59] Single-centre, retrospective,
severe COVID-19

65 Tocilizumab
+ SOC vs SOC

No differences in mortality or in length
of admission

Li L [60] Open-label, multicentric RCT 103 Convalescent plasma vs SOC Higher clinical improvement and
negative conversion rates on the

intervention arm
RECOVERY [6] Multicentric RCT 2104 Dexamethasone vs SOC Decreased mortality in patients with

moderate/severe COVID-19

COVID-19, coronavirus disease 2019; RBV, ribavirin; LPV, Lopinavir; RCT, Randomised Clinical Trial; SOC, Standard of Care.
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A H7N9 was described in China [37], with further cases
reported worldwide. Although cases were associated
with exposure to poultry products, several clusters of
human-to-human transmission have been identified
[38]. NA inhibitors have shown to be efficacious against
H7N9 influenza. Owing to poor human-to-human
transmission efficiency and also owing to hygiene in-
terventions in Chinese markets, H7N9 influenza was
not widely spread.

Influenza C is a lesser known influenza virus, mostly

causing mild upper respiratory infections in children.
Influenza C has a worldwide distribution, with a higher
seroprevalence in individuals in the third decade of life
and progressive decrease in older adults [39]. Despite
being known as a cause of mild respiratory infections in
young children, it has also been described as a causative
agent of severe respiratory infections in adults, partic-
ularly among immunocompromised patients [40].
Hence, besides influenza A and B viruses, influenza C
virus might be a respiratory pathogen associated with
outbreaks, particularly among children and young adults.
Tuberculosis
Tuberculosis (TB) is the infection caused by Mycobac-
terium tuberculosis, an acid-fast bacillus, which can cause
respiratory and systemic infections. It is estimated that
1 in 4 people worldwide are infected or have been in

contact with M. tuberculosis in the past [41]. It is esti-
mated that 10 million people develop TB every year,
mostly in developing countries, causing 1.5 million
Current Opinion in Environmental Science & Health 2020, 17:41–48
deaths per year [42] (Figure 2). The association of
poverty, population density and deficient healthcare
systems in many of these countries contributes to the
transmission of the disease. M. tuberculosis is transmitted
through respiratory droplets, after which 10% of in-
dividuals will develop active TB and about 50% will
develop it within 3 years from exposure. Other clinical
scenarios are spontaneous mycobacterial elimination or
the development of latent forms of infection.

Currently, isoniazid (INH), rifampicin (RIF),

pyrazinamide and ethambutol remain as first-line anti-
microbials for TB [43]. Second-line drugs, such as res-
piratory quinolones (levofloxacin, moxifloxacin),
injectable aminoglycosides (amikacin, kanamycin,
streptomycin) and other antimicrobials, such as
capreomycin, cycloserine and ethionamide, have also
shown their efficacy against M. tuberculosis and are indi-
cated in cases of drug-resistant TB.

Antimicrobial resistance is a significant health issue for
patients with TB. Multidrug-resistant TB (MDR-TB),
defined as the resistance to INH and RIF, and exten-

sively drug-resistant TB, applying to isolates resistant to
INH, RIF, quinolones and either aminoglycosides or
capreomycin, are becoming more common, posing a
significant public health threat not just in areas with
high prevalence but also worldwide owing to globalisa-
tion, migrations or refugee exodus. Currently, around
500,000 people are infected with drug-resistant TB
worldwide, particularly in Eastern Europe, Central Asia,
www.sciencedirect.com

www.sciencedirect.com/science/journal/24685844


Viruses with pandemic potential Fernandez-Montero et al. 45
the Middle East and China [44]. Risk factors for the
development of drug-resistant TB are suboptimal
adherence to previous TB treatments, with 20% of pa-
tients previously treated developing resistances, age
<65 years, institutionalisation, alcohol abuse, injection
drug use and homelessness [45]. Hence, the confluence
of higher prevalence of MDR-TB and extensively drug-
resistant TB in densely populated countries, depriva-

tion, lack of access to public healthcare along with
globalisation and major population movements give
MDR-TB a potential for further expansion, seriously
putting at risk the achievement of the World Health
Organization ‘End-TB’ initiative [46].
Lassa and Nipah virus
Lassa virus (LASV) is the agent responsible for Lassa
haemorrhagic fever, an endemic disease in Western
Africa. Its seroprevalence is variable in different areas in
that region, ranging from 8% to 52% depending on the
series [47]. Although mostly a rodent-borne virus, LASV
has also a potential for human-to-human transmission
through contact with body fluids and aerosol droplets,
particularly in healthcare settings in some developing
countries in Africa. It is estimated that 100,000e300000
people are infected with LASV every year in endemic
areas [48]. Lassa fever symptomatology is highly vari-
able, including multiorgan damage, haemorrhage, cen-
tral nervous system involvement, kidney damage or
gastrointestinal symptoms. Mortality rates can be as
high as 39% in vulnerable groups [49]. There are no
Figure 2

Incidence of drug-resistant TB wo
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vaccines available against LASV. Ribavirin has shown to
reduce mortality and is the treatment of choice along
with supportive therapy [50]. Even when being a
rodent-borne virus, the risk of human-to-human trans-
mission, particularly in limited resource settings, along
with an increased mobility in the setting of globalisation,
confers LASV a potential for severe regional outbreaks
and also for further transmission outwith endemic areas

[51].

Nipah virus (NiV) is a zoonotic pathogen, prevalent in
Asia and the Pacific. Fruit bats are the main zoonotic
reservoir of NiV, and although initial transmission to
humans is due to exposure to bats’ or intermediate
hosts’ (i.e. pigs) secretions, human-to-human trans-
mission has been well documented [52], both after
contact with body fluids or through respiratory secre-
tions. Of note, a minority of NiV infections present in an
asymptomatic manner, although severe encephalitic

syndromes are the most significant presentations.
Neither efficacious treatment nor vaccine against NiV is
available yet. Despite its high mortality, the reproduc-
tion number of NiV is low [52], hence limiting its
pandemic potential. Contact and respiratory precautions
are necessary to avoid transmission from source patients
to their carers and healthcare workers.
Airborne bioterrorism agents
Infective agents have been and can be used as weapons
of mass destruction. To be effective, these agents need
rldwide. TB, tuberculosis [44].
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Table 2

WHO priorities for research and development in infectious
diseases.

� COVID-19
� Crimean-Congo haemorrhagic fever
� Ebola virus disease and Marburg virus disease
� Lassa fever
� Middle East respiratory syndrome coronavirus (MERS-CoV)
� Severe acute respiratory syndrome (SARS)
� Nipah and heniparviral disease
� Rift Valley fever
� Zika
� ‘Disease X’ (future global pandemics caused by novel infectious

agents)

COVID-19, coronavirus disease 2019; WHO, World Health Organization.
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to show high morbidity or mortality, need to be easily
transmittable, particularly on a human-to-human
manner, need to cause social disruption and require
special actions in terms of preparedness.

Anthrax is a potentially airborne disease, cause by Ba-
cillus anthracis, a sporulating, gram-positive rod, which
can cause a broad spectrum of conditions in humans.
Inhalation of spores of anthrax causes a biphasic disease,

starting with a prodromal phase, consisting of flu-like
symptoms, that 4e5 days later can progress to a
bacteraemic phase, with haemorrhagic mediastinitis,
necrotising pneumonia or shock, with high rates of
mortality despite antibiotic therapy [53]. B. anthracis
spores can be viable for a very long period of time and are
resistant to some disinfectants, thus prolonging the risk
of transmission. Human-to-human transmission has not
been documented, thus limiting the pandemic potential
of anthrax. However, its persistent sporulating form
makes anthrax a potential source of large outbreaks in

the setting of a bioterrorist attack.

Poxviruses are also potential bioterrorism agents with a
potential for affecting large numbers of victims. Variola
virus, the causative agent of smallpox, can be trans-
mitted through respiratory secretions, as well as through
contact with cutaneous lesions from infected patients.
Smallpox has a high reproduction number, with a high
case fatality rate. It is has been estimated that smallpox
caused 300 million deaths in the 20th century, until its
eradication in 1977 [54]. Smallpox had an incubation

period of 10e14 days, with a further pre-eruptive phase
(2e4 days) characterised by the development of coryzal
symptoms and the appearance of an exanthema 1e2
days later. Although smallpox has been eradicated, it has
been found to be a potential agent for bioterrorism
owing to its high transmission rates and mortality and its
stability in the environment. Although not generally
included in routine vaccination schemes anymore, there
is a potential to escalate the production of smallpox
Current Opinion in Environmental Science & Health 2020, 17:41–48
vaccine should an outbreak develop. Furthermore,
tecovirimat, a smallpox virion maturation inhibitor has
shown its efficacy [55]. Other poxviruses, such as
monkeypox, although not having a significant potential
for airborne transmission, could also be modified to
make it a potential bioterrorism agent.
Conclusions
The ongoing SARS-CoV-2 pandemic is arguably the
most severe health threat the world has faced in de-
cades. The emergence of this new CoV, with a high
transmission rate and significant mortality rates, has had
a significant impact on many public healthcare systems

and has brought the attention to the risk of further
pandemics caused by airborne agents. CoVs or influenza
viruses might be the virus species with a higher poten-
tial for future pandemics, as has been shown in the past.
Although the spread of drug-resistant TB might happen
at a slower rate, it is arguably a major health problem
issue and can be a more common problem in low prev-
alence areas owing to globalisation and population
movements. Other viruses, such as MERS-CoV, Lassa
virus, Nipah virus or poxviruses, might be present just in
some geographical areas, but have shown the potential

of causing local outbreaks that can lead to a wider spread
of the disease (Table 2). Finally, bioterrorism attacks
involving airborne agents such as anthrax or smallpox are
a security threat. Hence, a global public health control,
along with a more strict control and improvement in
hygiene measures, is needed to prevent global spread of
airborne infectious diseases.
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