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Coronaviruses are respiratory viruses whose appearance on 
electron microscopy looks like tiny crowns (Figure 1). The first 
coronaviruses discovered were the cause of pediatric and adult 
respiratory infections that were not particularly dangerous. One 
study from Vanderbilt found coronavirus in about 5% of sam-
ples from upper respiratory illness and 8% from lower respira-
tory illness [1]. Most clinically significant coronavirus infections 
have been found in children < 2 years of age, as reviewed in this 
journal in 2009 [2], although adults also might suffer severe in-
fections [3, 4]. This was the picture as late as 2018: a group of 
respiratory viruses that could cause serious illness in the very 
young, but with negligible mortality [5, 6].

Two events changed that picture: the discovery of Middle 
Eastern respiratory syndrome (MERS) and the explosive out-
break of severe acute respiratory syndrome (SARS) [7]. MERS 
causes a respiratory illness in dromedaries that can be trans-
mitted to humans, in whom the infection can be serious and 
fatal [8–11]. Moreover, serologic studies show that MERS 

infection is common in Saudi Arabia, where contact with 
camels is common but also where human-to-human infection 
occurs [12]. There are several candidate vaccines against MERS 
being developed by an international organization, the Coalition 
for Epidemic Preparedness (CEPI; see below) [13].

As is well known, SARS causes a highly fatal infection in 
humans. Research on the latter virus concluded that SARS is 
likely a virus with a reservoir in bats [14], which can infect small 
mammals such as the palm civet. The latter are considered to be 
a delicacy to eat by some Chinese, and are sold in many markets 
in China. The source of SARS is thought to be from a market in 
Guandong. However, as the receptor for coronavirus is present 
in human lungs, direct infection from bats may be possible 
[15], all the more so because the bat coronavirus that has been 
isolated is genetically close to SARS [16]. Although SARS no 
longer circulates in humans, candidate vaccines were developed 
but never licensed [17–21].

Nature frequently repeats itself, and a new coronavirus, 
named SARS coronavirus 2 (SARS-CoV-2), has escaped from 
a market in the city of Wuhan in central China and is spreading 
from there. Although mortality seems to be lower than in the 
case of SARS, many of the infections cause lower respiratory 
tract disease requiring hospitalization. Although yet to be 
confirmed at this writing, it is likely that SARS-CoV-2 origin-
ated from infections transferred from small mammals in the 
Wuhan market to humans. In any case, it is now spreading 
by human-to-human contact. Respiratory secretions of in-
fected individuals contain virus, and there is some evidence 
that virus may be excreted in stool. Obviously, much in-
formation is unpublished but is being exchanged through the 
World Health Organization (WHO) and websites. Sequences 
of SARS-CoV-2 show 82% homology with SARS and there is 
some cross-neutralization by SARS antiserum against SARS-
CoV-2, but probably not enough to be useful in protecting 
human populations [14].

Information about the new virus is evolving rapidly, as la-
boratories throughout the world are working hard on it. Among 
the critical questions are:

1.	How to grow the virus? (It does grow in some cell cultures.)
2.	Are antibodies to the virus protective or enhancing?
3.	What animal models can be used to study the virus?
4.	Do antibodies to SARS or MERS protect against SARS-CoV-2?
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Figure 1.  The ultrastructural morphology exhibited by the 2019 novel co-
ronavirus. Photo used with permission from the Centers for Disease Control 
and Prevention, Alissa Eckert, Dan Higgins (available at https://phil.cdc.gov/
Details.aspx?pid=23311). 
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5.	What is the best vaccine antigen: whole virus, spike protein, 
or receptor-binding domain of the spike protein?

6.	Can large amounts of a vaccine be made before next winter, 
assuming that SARS-CoV-2 becomes a seasonal threat?

For obvious reasons, a single-dose vaccine would be prefer-
able to a vaccine requiring several doses. The current focus is 
to develop antibodies to the spike surface protein and in par-
ticular to the receptor-binding domain on that protein. The 
most obvious platforms to develop single-dose vaccines are 
attenuated viruses, DNA plasmids, and messenger RNA con-
structs coding for viral proteins that stimulate neutralizing 
antibodies. However, subunit protein vaccines are also being 
developed. The appearance of SARS-CoV-2 emphasizes that 
new agents will emerge from time to time to threaten humans 
and that mechanisms of rapid response should be in place 
beforehand. That was the reason CEPI was developed and, 
indeed, CEPI and the WHO together are marshaling large-
scale preventive and therapeutic responses to the new virus 
[22–25].

Aside from the development of vaccines against SARS-
CoV-2, a step the Chinese government should take is to ban 
the sale of small mammals in their markets to prevent the intro-
duction of other coronaviruses or, for that matter, pathogens in 
general that could adapt to humans.

Note
Potential conflicts of interest.   Dr. Plotkin consults for many vaccine 

manufacturers and biotechnology organizations. The author has submitted 
the ICMJE Form for Disclosure of Potential Conflicts of Interest. Conflicts 
that the editors consider relevant to the content of the manuscript have been 
disclosed.

References
1.	 Talbot HK, Shepherd BE, Crowe JE Jr, et al. The pediatric burden of human cor-

onaviruses evaluated for twenty years. Pediatr Infect Dis J 2009; 28:682–7.
2.	 Nokso-Koivisto J, Pitkäranta A, Blomqvist S, et al. Respiratory coronavirus infections 

in children younger than two years of age. Pediatr Infect Dis J 2000; 19:164–6.
3.	 van Elden LJ, van Loon AM, van Alphen F, et al. Frequent detection of human cor-

onaviruses in clinical specimens from patients with respiratory tract infection by 
use of a novel real-time reverse-transcriptase polymerase chain reaction. J Infect 
Dis 2004; 189:652–7.

4.	 Walsh EE, Shin JH, Falsey AR. Clinical impact of human coronaviruses 229E and 
OC43 infection in diverse adult populations. J Infect Dis 2013; 208:1634–42.

5.	 Principi  N, Bosis  S, Esposito  S. Effects of coronavirus infections in children. 
Emerg Infect Dis 2010; 16:183–8.

6.	 Varghese L, Zachariah P, Vargas C, et  al. Epidemiology and clinical features of 
human coronaviruses in the pediatric population. J Pediatric Infect Dis Soc 2018; 
7:151–8.

7.	 Perlman S, Dandekar AA. Immunopathogenesis of coronavirus infections: impli-
cations for SARS. Nat Rev Immunol 2005; 5:917–27.

8.	 Khalafalla AI, Lu X, Al-Mubarak AI, et al. MERS-CoV in upper respiratory tract 
and lungs of dromedary camels, Saudi Arabia, 2013-2014. Emerg Infect Dis 2015; 
21:1153–8.

9.	 Oboho  IK, Tomczyk  SM, Al-Asmari  AM, et  al. 2014 MERS-CoV outbreak in 
Jeddah—a link to health care facilities. N Engl J Med 2015; 372:846–54.

10.	 Perlman S, McCray PB Jr. Person-to-person spread of the MERS coronavirus—an 
evolving picture. N Engl J Med 2013; 369:466–7.

11.	 Rasmussen SA, Gerber SI, Swerdlow DL. Middle East respiratory syndrome cor-
onavirus: update for clinicians. Clin Infect Dis 2015; 60:1686–9.

12.	 Müller  MA, Meyer  B, Corman  VM, et  al. Presence of Middle East respiratory 
syndrome coronavirus antibodies in Saudi Arabia: a nationwide, cross-sectional, 
serological study. Lancet Infect Dis 2015; 15:629.

13.	 Muthumani K, Falzarano D, Reuschel EL, et al. A synthetic consensus anti-spike 
protein DNA vaccine induces protective immunity against Middle East respiratory 
syndrome coronavirus in nonhuman primates. Sci Transl Med 2015; 7:301ra132.

14.	 Chan  JF, Kok  KH, Zhu  Z, et  al. Genomic characterization of the 2019 novel 
human-pathogenic coronavirus isolated from a patient with atypical pneumonia 
after visiting Wuhan. Emerg Microbes Infect 2020; 9:221–36.

15.	 Gallagher T, Perlman S. Public health: broad reception for coronavirus. Nature 
2013; 495:176–7.

16.	 Yang XL, Hu B, Wang B, et al. Isolation and characterization of a novel bat corona-
virus closely related to the direct progenitor of severe acute respiratory syndrome 
coronavirus. J Virol 2015; 90:3253–6.

17.	 Regla-Nava  JA, Nieto-Torres  JL, Jimenez-Guardeño  JM, et  al. Severe acute re-
spiratory syndrome coronaviruses with mutations in the E protein are attenuated 
and promising vaccine candidates. J Virol 2015; 89:3870–87.

18.	 Zhou  J, Wang  W, Zhong  Q, et  al. Immunogenicity, safety, and protective effi-
cacy of an inactivated SARS-associated coronavirus vaccine in rhesus monkeys. 
Vaccine 2005; 23:3202–9.

19.	 Spruth M, Kistner O, Savidis-Dacho H, et al. A double-inactivated whole virus 
candidate SARS coronavirus vaccine stimulates neutralising and protective anti-
body responses. Vaccine 2006; 24:652–61.

20.	 Taylor DR. Obstacles and advances in SARS vaccine development. Vaccine 2006; 
24:863–71.

21.	 Martin JE, Louder MK, Holman LA, et al; VRC 301 Study Team. A SARS DNA 
vaccine induces neutralizing antibody and cellular immune responses in healthy 
adults in a phase I clinical trial. Vaccine 2008; 26:6338–43.

22.	 Plotkin SA, Mahmoud AAF, Farrar J. Establishing a global vaccine-development 
fund. N Engl J Med 2015; 373:297–300.

23.	 Plotkin SA. Vaccines for epidemic infections and the role of CEPI. Hum Vaccin 
Immunother 2017; 13:2755–62.

24.	 Gouglas D, Christodoulou M, Plotkin SA, Hatchett R. CEPI: driving progress to-
wards epidemic preparedness and response. Epidemiol Rev 2019. doi: 10.1093/
epirev/mxz012.

25.	 World Health Organization. Coronavirus disease (COVID-19) outbreak. https://
www.who.int/emergencies/diseases/novel-coronavirus-2019. Accessed 12 February 
2020.

https://doi.org/10.1093/epirev/mxz012.
https://doi.org/10.1093/epirev/mxz012.
https://www.who.int/emergencies/diseases/novel-coronavirus-2019
https://www.who.int/emergencies/diseases/novel-coronavirus-2019

