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Abstract

The current outbreak of viral pneumonia in the city of Wuhan, China, was caused by

a novel coronavirus designated 2019‐nCoV by the World Health Organization, as

determined by sequencing the viral RNA genome. Many initial patients were ex-

posed to wildlife animals at the Huanan seafood wholesale market, where poultry,

snake, bats, and other farm animals were also sold. To investigate possible virus

reservoir, we have carried out comprehensive sequence analysis and comparison in

conjunction with relative synonymous codon usage (RSCU) bias among different

animal species based on the 2019‐nCoV sequence. Results obtained from our ana-

lyses suggest that the 2019‐nCoV may appear to be a recombinant virus between

the bat coronavirus and an origin‐unknown coronavirus. The recombination may

occurred within the viral spike glycoprotein, which recognizes a cell surface re-

ceptor. Additionally, our findings suggest that 2019‐nCoV has most similar genetic

information with bat coronovirus and most similar codon usage bias with snake.

Taken together, our results suggest that homologous recombination may occur and

contribute to the 2019‐nCoV cross‐species transmission.
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1 | INTRODUCTION

China has been the epicenter of emerging and re‐emerging viral in-

fections that continue to stir a global concern. In the last 20 years,

China has witnessed several emerging viral diseases, including an

avian influenza in 1997,1 the severe acute respiratory syndrome

(SARS) in 2003,2 and a severe fever with thrombocytopenia syn-

drome (SFTS) in 2010.3 The most recent crisis was the outbreak of an

ongoing viral pneumonia with unknown etiology in the city of Wuhan,

China. On 12 December 2019, Wuhan Municipal Health Commission

(WMHC) reported 27 cases of viral pneumonia with 7 of them being

critically ill. Most of them had a history of exposure to the virus at

the Huanan Seafood Wholesale Market where poultry, bats, snakes;

and other wildlife animals were also sold.4 On 3 January 2020,

WMHC updated the number of cases to a total of 44 with 11 of them

in critical condition. On 5 January, the number of cases increased to

59 with 7 critically ill patients. The viral pneumonia outbreak was not

caused by severe acute respiratory syndrome coronavirus

(SARS‐CoV), Middle East Respiratory Syndrome coronavirus

(MERS‐CoV), influenza virus, or adenovirus as determined by la-

boratory tests.4 On 10 January, it was reported that a novel

coronavirus designated 2019‐nCoV by the World Health Organiza-

tion (WHO)5 was identified by high‐throughput sequencing of the

viral RNA genome, which was released through virological.org. More

significantly, the newly identified 2019‐CoV has also been isolated

from one patient. The availability of viral RNA sequence has made it
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A new coronavirus associated with human 
respiratory disease in China

Fan Wu1,7, Su Zhao2,7, Bin Yu3,7, Yan-Mei Chen1,7, Wen Wang4,7, Zhi-Gang Song1,7, Yi Hu2,7,  
Zhao-Wu Tao2, Jun-Hua Tian3, Yuan-Yuan Pei1, Ming-Li Yuan2, Yu-Ling Zhang1, Fa-Hui Dai1,  
Yi Liu1, Qi-Min Wang1, Jiao-Jiao Zheng1, Lin Xu1, Edward C. Holmes1,5 & Yong-Zhen Zhang1,4,6 ✉

Emerging infectious diseases, such as severe acute respiratory syndrome (SARS) and 
Zika virus disease, present a major threat to public health1–3. Despite intense research 
efforts, how, when and where new diseases appear are still a source of considerable 
uncertainty. A severe respiratory disease was recently reported in Wuhan, Hubei 
province, China. As of 25 January 2020, at least 1,975 cases had been reported since the 
first patient was hospitalized on 12 December 2019. Epidemiological investigations 
have suggested that the outbreak was associated with a seafood market in Wuhan. 
Here we study a single patient who was a worker at the market and who was admitted 
to the Central Hospital of Wuhan on 26 December 2019 while experiencing a severe 
respiratory syndrome that included fever, dizziness and a cough. Metagenomic RNA 
sequencing4 of a sample of bronchoalveolar lavage fluid from the patient identified  
a new RNA virus strain from the family Coronaviridae, which is designated here  
‘WH-Human 1’ coronavirus (and has also been referred to as ‘2019-nCoV’). 
Phylogenetic analysis of the complete viral genome (29,903 nucleotides) revealed 
that the virus was most closely related (89.1% nucleotide similarity) to a group of 
SARS-like coronaviruses (genus Betacoronavirus, subgenus Sarbecovirus) that had 
previously been found in bats in China5. This outbreak highlights the ongoing ability 
of viral spill-over from animals to cause severe disease in humans.

The patient studied was a 41-year-old man with no history of hepa-
titis, tuberculosis or diabetes. He was admitted to and hospitalized 
in the Central Hospital of Wuhan on 26 December 2019, 6 days after 
the onset of disease. The patient reported fever, chest tightness, 
unproductive cough, pain and weakness for 1 week on presentation 
(Table 1). Physical examination of cardiovascular, abdominal and 
neurological characteristics was that these were normal. Mild lym-
phopoenia (defined as less than 9 × 105 cells per ml) was observed, 
but white blood cell and blood platelet counts were normal in a com-
plete blood count test. Elevated levels of C-reactive protein (41.4 mg l−1 
of blood; reference range, 0–6 mg l−1) were observed and the levels 
of aspartate aminotransferase, lactic dehydrogenase and creatine 
kinase were slightly elevated in blood chemistry tests. The patient 
had mild hypoxaemia with oxygen levels of 67 mm Hg as determined 
by an arterial blood gas test. On the first day of admission (day 6 after 
the onset of disease), chest radiographs were abnormal with air-space 
shadowing such as ground-glass opacities, focal consolidation and 
patchy consolidation in both lungs (Extended Data Fig. 1). Computed-
tomography scans of the chest revealed bilateral focal consolidation, 
lobar consolidation and patchy consolidation, especially in the lower 
lung (Extended Data Fig. 1a–d). A chest radiograph revealed a bilateral 
diffuse patchy and fuzzy shadow on day 5 after admission (day 11 after 

the onset of disease) (Extended Data Fig. 1e). Preliminary aetiological 
investigations excluded the presence of influenza virus, Chlamydia 
pneumoniae and Mycoplasma pneumoniae using commercial pathogen 
antigen-detection kits, and this was confirmed by PCR. Other common 
respiratory pathogens, including human adenoviruses, also tested 
negative by quantitative PCR (qPCR) (Extended Data Fig. 2). Although 
a combination of antibiotic, antiviral and glucocorticoid therapy was 
administered, the patient exhibited respiratory failure and was given 
high-flow non-invasive ventilation. The condition of the patient did not 
improve after 3 days of treatment and he was admitted to the intensive 
care unit. The patient was transferred to another hospital in Wuhan for 
further treatment 6 days after admission.

Epidemiological investigations by the Wuhan Center for Disease 
Control and Prevention revealed that the patient worked at a local 
indoor seafood market. Notably, in addition to fish and shellfish, a 
variety of live wild animals—including hedgehogs, badgers, snakes 
and birds (turtledoves)—were available for sale in the market before 
the outbreak began, as well as animal carcasses and animal meat. No 
bats were available for sale. While the patient might have had contact 
with wild animals at the market, he recalled no exposure to live poultry.

To investigate the possible aetiological agents associated with 
this disease, we collected bronchoalveolar lavage fluid (BALF) and 
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Extended Data Fig. 1 | Chest radiographs of the patient. a–d, Computed-
tomography scans of the chest were obtained on the day of admission (day 6 
after the onset of disease). Bilateral focal consolidation, lobar consolidation 

and patchy consolidation were clearly observed, especially in the lower lung.  
e, A chest radiograph was obtained on day 5 after admission (day 11 after the 
onset of disease). Bilateral diffuse patchy and fuzzy shadows were observed.
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The identification of multiple SARS-like CoVs in bats have led to 
the idea that these animals act as hosts of a natural reservoir of these 
viruses22,23. Although SARS-like viruses have been identified widely in 
bats in China, viruses identical to SARS-CoV have not yet been docu-
mented. Notably, WHCV is most closely related to bat coronaviruses, 
and shows 100% amino acid similarity to bat SL-CoVZC45 in the nsp7 
and E proteins (Supplementary Table 3). Thus, these data suggest that 
bats are a possible host for the viral reservoir of WHCV. However, as a 
variety of animal species were for sale in the market when the disease 
was first reported, further studies are needed to determine the natural 
reservoir and any intermediate hosts of WHCV.

Note added in proof: Since this paper was accepted, the ICTV has 
designated the virus as SARS-CoV-230; in addition, the WHO has released 
the official name of the disease caused by this virus, which is COVID-1931.

Online content
Any methods, additional references, Nature Research reporting sum-
maries, source data, extended data, supplementary information, 
acknowledgements, peer review information; details of author con-
tributions and competing interests; and statements of data and code 
availability are available at https://doi.org/10.1038/s41586-020-2008-3.
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Main characteristics of Coronaviruses
- Replication in the cytoplasm 
- Positive-sense, single-stranded RNA genome 
- Four structural proteins (Spike, Envelope, Membrane, Nucleocapsid)

SARS-CoV-2 binds to human ACE2 receptor
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genome1, some pangolin coronaviruses exhibit 
strong similarity to SARS-CoV-2 in the RBD, 
including all six key RBD residues21 (Fig. 1). 
This clearly shows that the SARS-CoV-2 spike 
protein optimized for binding to human-like 
ACE2 is the result of natural selection.

Neither the bat betacoronaviruses nor the 
pangolin betacoronaviruses sampled thus 
far have polybasic cleavage sites. Although 
no animal coronavirus has been identified 
that is sufficiently similar to have served 
as the direct progenitor of SARS-CoV-2, 
the diversity of coronaviruses in bats and 
other species is massively undersampled. 
Mutations, insertions and deletions can occur 
near the S1–S2 junction of coronaviruses22, 
which shows that the polybasic cleavage site 
can arise by a natural evolutionary process. 
For a precursor virus to acquire both the 
polybasic cleavage site and mutations in the 
spike protein suitable for binding to human 
ACE2, an animal host would probably have 
to have a high population density (to allow 
natural selection to proceed efficiently) and 
an ACE2-encoding gene that is similar to the 
human ortholog.

2. Natural selection in humans following 
zoonotic transfer. It is possible that a 
progenitor of SARS-CoV-2 jumped into 

humans, acquiring the genomic features 
described above through adaptation during 
undetected human-to-human transmission. 
Once acquired, these adaptations would 
enable the pandemic to take off and produce 
a sufficiently large cluster of cases to trigger 
the surveillance system that detected it1,2.

All SARS-CoV-2 genomes sequenced 
so far have the genomic features described 
above and are thus derived from a common 
ancestor that had them too. The presence 
in pangolins of an RBD very similar to that 
of SARS-CoV-2 means that we can infer 
this was also probably in the virus that 
jumped to humans. This leaves the insertion 
of polybasic cleavage site to occur during 
human-to-human transmission.

Estimates of the timing of the most 
recent common ancestor of SARS-CoV-2 
made with current sequence data point to 
emergence of the virus in late November 
2019 to early December 201923, compatible 
with the earliest retrospectively confirmed 
cases24. Hence, this scenario presumes a 
period of unrecognized transmission in 
humans between the initial zoonotic event 
and the acquisition of the polybasic cleavage 
site. Sufficient opportunity could have arisen 
if there had been many prior zoonotic events 
that produced short chains of human-to-

human transmission over an extended 
period. This is essentially the situation for 
MERS-CoV, for which all human cases are 
the result of repeated jumps of the virus 
from dromedary camels, producing single 
infections or short transmission chains that 
eventually resolve, with no adaptation to 
sustained transmission25.

Studies of banked human samples could 
provide information on whether such 
cryptic spread has occurred. Retrospective 
serological studies could also be informative, 
and a few such studies have been conducted 
showing low-level exposures to SARS-
CoV-like coronaviruses in certain areas of 
China26. Critically, however, these studies 
could not have distinguished whether 
exposures were due to prior infections with 
SARS-CoV, SARS-CoV-2 or other SARS-
CoV-like coronaviruses. Further serological 
studies should be conducted to determine 
the extent of prior human exposure to 
SARS-CoV-2.

3. Selection during passage. Basic research 
involving passage of bat SARS-CoV-like 
coronaviruses in cell culture and/or animal 
models has been ongoing for many years 
in biosafety level 2 laboratories across the 
world27, and there are documented instances 
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Fig. 1 | Features of the spike protein in human SARS-CoV-2 and related coronaviruses. a, Mutations in contact residues of the SARS-CoV-2 spike protein. The 
spike protein of SARS-CoV-2 (red bar at top) was aligned against the most closely related SARS-CoV-like coronaviruses and SARS-CoV itself. Key residues in 
the spike protein that make contact to the ACE2 receptor are marked with blue boxes in both SARS-CoV-2 and related viruses, including SARS-CoV  
(Urbani strain). b, Acquisition of polybasic cleavage site and O-linked glycans. Both the polybasic cleavage site and the three adjacent predicted O-linked 
glycans are unique to SARS-CoV-2 and were not previously seen in lineage B betacoronaviruses. Sequences shown are from NCBI GenBank, accession codes 
MN908947, MN996532, AY278741, KY417146 and MK211376. The pangolin coronavirus sequences are a consensus generated from SRR10168377 and 
SRR10168378 (NCBI BioProject PRJNA573298)29,30.
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The proximal origin of SARS-CoV-2
To the Editor — Since the first reports of 
novel pneumonia (COVID-19) in Wuhan, 
Hubei province, China1,2, there has been 
considerable discussion on the origin of 
the causative virus, SARS-CoV-23 (also 
referred to as HCoV-19)4. Infections with 
SARS-CoV-2 are now widespread, and as 
of 11 March 2020, 121,564 cases have been 
confirmed in more than 110 countries, with 
4,373 deaths5.

SARS-CoV-2 is the seventh coronavirus 
known to infect humans; SARS-CoV, MERS-
CoV and SARS-CoV-2 can cause severe 
disease, whereas HKU1, NL63, OC43 and 
229E are associated with mild symptoms6. 
Here we review what can be deduced about 
the origin of SARS-CoV-2 from comparative 
analysis of genomic data. We offer a 
perspective on the notable features of the 
SARS-CoV-2 genome and discuss scenarios 
by which they could have arisen. Our 
analyses clearly show that SARS-CoV-2 is 
not a laboratory construct or a purposefully 
manipulated virus.

Notable features of the SARS-CoV-2 
genome
Our comparison of alpha- and 
betacoronaviruses identifies two notable 
genomic features of SARS-CoV-2: (i) on the 
basis of structural studies7–9 and biochemical 
experiments1,9,10, SARS-CoV-2 appears to be 
optimized for binding to the human receptor 
ACE2; and (ii) the spike protein of SARS-
CoV-2 has a functional polybasic (furin) 
cleavage site at the S1–S2 boundary through 
the insertion of 12 nucleotides8, which 
additionally led to the predicted acquisition 
of three O-linked glycans around the site.

1. Mutations in the receptor-binding 
domain of SARS-CoV-2. The receptor-
binding domain (RBD) in the spike protein 
is the most variable part of the coronavirus 
genome1,2. Six RBD amino acids have been 
shown to be critical for binding to ACE2 
receptors and for determining the host 
range of SARS-CoV-like viruses7. With 
coordinates based on SARS-CoV, they are 
Y442, L472, N479, D480, T487 and Y4911, 
which correspond to L455, F486, Q493, 
S494, N501 and Y505 in SARS-CoV-27. Five 
of these six residues differ between SARS-
CoV-2 and SARS-CoV (Fig. 1a). On the 
basis of structural studies7–9 and biochemical 
experiments1,9,10, SARS-CoV-2 seems to 
have an RBD that binds with high affinity to 
ACE2 from humans, ferrets, cats and other 
species with high receptor homology7.

While the analyses above suggest that 
SARS-CoV-2 may bind human ACE2 with 
high affinity, computational analyses predict 
that the interaction is not ideal7 and that 
the RBD sequence is different from those 
shown in SARS-CoV to be optimal for 
receptor binding7,11. Thus, the high-affinity 
binding of the SARS-CoV-2 spike protein 
to human ACE2 is most likely the result of 
natural selection on a human or human-like 
ACE2 that permits another optimal binding 
solution to arise. This is strong evidence 
that SARS-CoV-2 is not the product of 
purposeful manipulation.

2. Polybasic furin cleavage site and 
O-linked glycans. The second notable 
feature of SARS-CoV-2 is a polybasic 
cleavage site (RRAR) at the junction of 
S1 and S2, the two subunits of the spike8 
(Fig. 1b). This allows effective cleavage by 
furin and other proteases and has a role 
in determining viral infectivity and host 
range12. In addition, a leading proline is also 
inserted at this site in SARS-CoV-2; thus, 
the inserted sequence is PRRA (Fig. 1b). 
The turn created by the proline is predicted 
to result in the addition of O-linked glycans 
to S673, T678 and S686, which flank the 
cleavage site and are unique to SARS-CoV-2 
(Fig. 1b). Polybasic cleavage sites have 
not been observed in related ‘lineage B’ 
betacoronaviruses, although other human 
betacoronaviruses, including HKU1 (lineage 
A), have those sites and predicted O-linked 
glycans13. Given the level of genetic variation 
in the spike, it is likely that SARS-CoV-2-like 
viruses with partial or full polybasic cleavage 
sites will be discovered in other species.

The functional consequence of the 
polybasic cleavage site in SARS-CoV-2 
is unknown, and it will be important to 
determine its impact on transmissibility  
and pathogenesis in animal models.  
Experiments with SARS-CoV have shown 
that insertion of a furin cleavage site at the 
S1–S2 junction enhances cell–cell fusion 
without affecting viral entry14. In addition, 
efficient cleavage of the MERS-CoV spike 
enables MERS-like coronaviruses from bats 
to infect human cells15. In avian influenza 
viruses, rapid replication and transmission 
in highly dense chicken populations selects 
for the acquisition of polybasic cleavage  
sites in the hemagglutinin (HA) protein16, 
which serves a function similar to that  
of the coronavirus spike protein. Acquisition 
of polybasic cleavage sites in HA, by 
insertion or recombination, converts  

low-pathogenicity avian influenza viruses 
into highly pathogenic forms16. The 
acquisition of polybasic cleavage sites by 
HA has also been observed after repeated 
passage in cell culture or through animals17.

The function of the predicted O-linked 
glycans is unclear, but they could create a 
‘mucin-like domain’ that shields epitopes 
or key residues on the SARS-CoV-2 spike 
protein18. Several viruses utilize mucin-
like domains as glycan shields involved 
immunoevasion18. Although prediction 
of O-linked glycosylation is robust, 
experimental studies are needed  
to determine if these sites are used in  
SARS-CoV-2.

Theories of SARS-CoV-2 origins
It is improbable that SARS-CoV-2 emerged 
through laboratory manipulation of a 
related SARS-CoV-like coronavirus. As 
noted above, the RBD of SARS-CoV-2 is 
optimized for binding to human ACE2 with 
an efficient solution different from those 
previously predicted7,11. Furthermore, if 
genetic manipulation had been performed, 
one of the several reverse-genetic systems 
available for betacoronaviruses would 
probably have been used19. However, the 
genetic data irrefutably show that SARS-
CoV-2 is not derived from any previously 
used virus backbone20. Instead, we propose 
two scenarios that can plausibly explain 
the origin of SARS-CoV-2: (i) natural 
selection in an animal host before zoonotic 
transfer; and (ii) natural selection in humans 
following zoonotic transfer. We also discuss 
whether selection during passage could have 
given rise to SARS-CoV-2.

1. Natural selection in an animal host 
before zoonotic transfer. As many early 
cases of COVID-19 were linked to the 
Huanan market in Wuhan1,2, it is possible 
that an animal source was present at this 
location. Given the similarity of SARS-
CoV-2 to bat SARS-CoV-like coronaviruses2, 
it is likely that bats serve as reservoir hosts 
for its progenitor. Although RaTG13, 
sampled from a Rhinolophus affinis bat1, is 
~96% identical overall to SARS-CoV-2, its 
spike diverges in the RBD, which suggests 
that it may not bind efficiently to human 
ACE27 (Fig. 1a).

Malayan pangolins (Manis javanica) 
illegally imported into Guangdong province 
contain coronaviruses similar to SARS-
CoV-221. Although the RaTG13 bat virus 
remains the closest to SARS-CoV-2 across the 
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The proximal origin of SARS-CoV-2
To the Editor — Since the first reports of 
novel pneumonia (COVID-19) in Wuhan, 
Hubei province, China1,2, there has been 
considerable discussion on the origin of 
the causative virus, SARS-CoV-23 (also 
referred to as HCoV-19)4. Infections with 
SARS-CoV-2 are now widespread, and as 
of 11 March 2020, 121,564 cases have been 
confirmed in more than 110 countries, with 
4,373 deaths5.

SARS-CoV-2 is the seventh coronavirus 
known to infect humans; SARS-CoV, MERS-
CoV and SARS-CoV-2 can cause severe 
disease, whereas HKU1, NL63, OC43 and 
229E are associated with mild symptoms6. 
Here we review what can be deduced about 
the origin of SARS-CoV-2 from comparative 
analysis of genomic data. We offer a 
perspective on the notable features of the 
SARS-CoV-2 genome and discuss scenarios 
by which they could have arisen. Our 
analyses clearly show that SARS-CoV-2 is 
not a laboratory construct or a purposefully 
manipulated virus.

Notable features of the SARS-CoV-2 
genome
Our comparison of alpha- and 
betacoronaviruses identifies two notable 
genomic features of SARS-CoV-2: (i) on the 
basis of structural studies7–9 and biochemical 
experiments1,9,10, SARS-CoV-2 appears to be 
optimized for binding to the human receptor 
ACE2; and (ii) the spike protein of SARS-
CoV-2 has a functional polybasic (furin) 
cleavage site at the S1–S2 boundary through 
the insertion of 12 nucleotides8, which 
additionally led to the predicted acquisition 
of three O-linked glycans around the site.

1. Mutations in the receptor-binding 
domain of SARS-CoV-2. The receptor-
binding domain (RBD) in the spike protein 
is the most variable part of the coronavirus 
genome1,2. Six RBD amino acids have been 
shown to be critical for binding to ACE2 
receptors and for determining the host 
range of SARS-CoV-like viruses7. With 
coordinates based on SARS-CoV, they are 
Y442, L472, N479, D480, T487 and Y4911, 
which correspond to L455, F486, Q493, 
S494, N501 and Y505 in SARS-CoV-27. Five 
of these six residues differ between SARS-
CoV-2 and SARS-CoV (Fig. 1a). On the 
basis of structural studies7–9 and biochemical 
experiments1,9,10, SARS-CoV-2 seems to 
have an RBD that binds with high affinity to 
ACE2 from humans, ferrets, cats and other 
species with high receptor homology7.

While the analyses above suggest that 
SARS-CoV-2 may bind human ACE2 with 
high affinity, computational analyses predict 
that the interaction is not ideal7 and that 
the RBD sequence is different from those 
shown in SARS-CoV to be optimal for 
receptor binding7,11. Thus, the high-affinity 
binding of the SARS-CoV-2 spike protein 
to human ACE2 is most likely the result of 
natural selection on a human or human-like 
ACE2 that permits another optimal binding 
solution to arise. This is strong evidence 
that SARS-CoV-2 is not the product of 
purposeful manipulation.

2. Polybasic furin cleavage site and 
O-linked glycans. The second notable 
feature of SARS-CoV-2 is a polybasic 
cleavage site (RRAR) at the junction of 
S1 and S2, the two subunits of the spike8 
(Fig. 1b). This allows effective cleavage by 
furin and other proteases and has a role 
in determining viral infectivity and host 
range12. In addition, a leading proline is also 
inserted at this site in SARS-CoV-2; thus, 
the inserted sequence is PRRA (Fig. 1b). 
The turn created by the proline is predicted 
to result in the addition of O-linked glycans 
to S673, T678 and S686, which flank the 
cleavage site and are unique to SARS-CoV-2 
(Fig. 1b). Polybasic cleavage sites have 
not been observed in related ‘lineage B’ 
betacoronaviruses, although other human 
betacoronaviruses, including HKU1 (lineage 
A), have those sites and predicted O-linked 
glycans13. Given the level of genetic variation 
in the spike, it is likely that SARS-CoV-2-like 
viruses with partial or full polybasic cleavage 
sites will be discovered in other species.

The functional consequence of the 
polybasic cleavage site in SARS-CoV-2 
is unknown, and it will be important to 
determine its impact on transmissibility  
and pathogenesis in animal models.  
Experiments with SARS-CoV have shown 
that insertion of a furin cleavage site at the 
S1–S2 junction enhances cell–cell fusion 
without affecting viral entry14. In addition, 
efficient cleavage of the MERS-CoV spike 
enables MERS-like coronaviruses from bats 
to infect human cells15. In avian influenza 
viruses, rapid replication and transmission 
in highly dense chicken populations selects 
for the acquisition of polybasic cleavage  
sites in the hemagglutinin (HA) protein16, 
which serves a function similar to that  
of the coronavirus spike protein. Acquisition 
of polybasic cleavage sites in HA, by 
insertion or recombination, converts  

low-pathogenicity avian influenza viruses 
into highly pathogenic forms16. The 
acquisition of polybasic cleavage sites by 
HA has also been observed after repeated 
passage in cell culture or through animals17.

The function of the predicted O-linked 
glycans is unclear, but they could create a 
‘mucin-like domain’ that shields epitopes 
or key residues on the SARS-CoV-2 spike 
protein18. Several viruses utilize mucin-
like domains as glycan shields involved 
immunoevasion18. Although prediction 
of O-linked glycosylation is robust, 
experimental studies are needed  
to determine if these sites are used in  
SARS-CoV-2.

Theories of SARS-CoV-2 origins
It is improbable that SARS-CoV-2 emerged 
through laboratory manipulation of a 
related SARS-CoV-like coronavirus. As 
noted above, the RBD of SARS-CoV-2 is 
optimized for binding to human ACE2 with 
an efficient solution different from those 
previously predicted7,11. Furthermore, if 
genetic manipulation had been performed, 
one of the several reverse-genetic systems 
available for betacoronaviruses would 
probably have been used19. However, the 
genetic data irrefutably show that SARS-
CoV-2 is not derived from any previously 
used virus backbone20. Instead, we propose 
two scenarios that can plausibly explain 
the origin of SARS-CoV-2: (i) natural 
selection in an animal host before zoonotic 
transfer; and (ii) natural selection in humans 
following zoonotic transfer. We also discuss 
whether selection during passage could have 
given rise to SARS-CoV-2.

1. Natural selection in an animal host 
before zoonotic transfer. As many early 
cases of COVID-19 were linked to the 
Huanan market in Wuhan1,2, it is possible 
that an animal source was present at this 
location. Given the similarity of SARS-
CoV-2 to bat SARS-CoV-like coronaviruses2, 
it is likely that bats serve as reservoir hosts 
for its progenitor. Although RaTG13, 
sampled from a Rhinolophus affinis bat1, is 
~96% identical overall to SARS-CoV-2, its 
spike diverges in the RBD, which suggests 
that it may not bind efficiently to human 
ACE27 (Fig. 1a).

Malayan pangolins (Manis javanica) 
illegally imported into Guangdong province 
contain coronaviruses similar to SARS-
CoV-221. Although the RaTG13 bat virus 
remains the closest to SARS-CoV-2 across the 
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Potential problems to SARS-CoV-2 vaccine 
development

1. The virus

No effective vaccines have been so far developed for any Coronavirus

Four Coronaviruses are endemic in 
humans and cause moderate 
respiratory symptoms. 

Two strains caused severe 
pneumonia, SARS-CoV-1 in 
2002-2004 and MERS-CoV in 
2012. SARS-CoV-2 belongs to the 
second group. 

Potential problems to SARS-CoV-2 vaccine development

In most individuals Coronavirus infect upper 
respiratory tract - the immune system blocks 
the virus there. 

In a few cases, the virus reaches the lung - 
acquired immunity could protect from 
complications. 

A vaccine could be useless in 80% of cases - 
it has to have excellent safety profile and would 
not inhibit transmission. 

2. The antigen

Potential problems to SARS-CoV-2 vaccine 
development

Spike

The trimeric S protein contains two 
subunits, S1 and S2, which 
mediate receptor binding and 
fusion, respectively 

SARS-CoV S protein elicit potent 
cellular and humoral responses 

Other epitopes (i.e. from M, nsp6, 
ORF3a and N protein) are 
considered as potential antigens

3. Induction of 
neutralising/non 

neutralising 
antibodies 

ADE: antibody 
dependent 

enhancement 

Potential problems to 
SARS-CoV-2 vaccine 

development

4. The need of large scale 
production at an affordable 

price

17/06/2020, 10)32Dopo Londra, anche gli Usa prenotano milioni di dosi del vaccino in sperimentazione tra Oxford e Pomezia. E l'Italia? | Rep
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HOMEPAGE PER TE PODCAST

Approfondimento Coronavirus

Dopo Londra, anche gli Usa
prenotano milioni di dosi del
vaccino in sperimentazione tra
Oxford e Pomezia. E l'Italia?
21 MAGGIO 2020

Gli Stati Uniti otterranno 300 milioni di dosi dell'eventuale
vaccino dell'azienda britannica AstroZeneca che sta
collaborando con la società laziale Irbm. Il governo Johnson
aveva già assicurato: "Saremo i primi ad avere accesso". Sono in
corso trattative con altri Paesi, ma non è chiaro se Roma -

Potential problems to SARS-CoV-2 vaccine 
development



Potential SARS-CoV-2 vaccines

Live-attenuated vaccines have demonstrated success in treating
infections such as smallpox and poliomyelitis.45 Three SARS-CoV-2
live-attenuated vaccines that utilize a weakened virus as the
antigen are under preclinical evaluation. However, such vaccines
may revert to virulence in some cases. Although the virus itself can
be used to develop vaccines, concerns have been raised that the
inclusion of epitopes that do not induce NAbs or confer protection
may skew the immune response, thereby requiring further
investigation.

Nucleic acid vaccines
Nucleic acid vaccines, such as mRNA vaccines and DNA vaccines,
are other popular vaccine forms. These vaccines are delivered into
human cells, where they will then be transcribed into viral
proteins. Among the CoV proteins, S protein has been the most
common candidate. mRNA vaccines represent a promising
alternative compared to conventional vaccines due to their high
potency, ability for rapid development, and cost-efficient produc-
tion.46,47 However, the physiochemical properties of mRNA may
influence its cellular delivery and organ distribution, and the safety
and efficacy of mRNA vaccine use in humans remain unknown.
Phase 1/2 studies investigating RNA vaccines (BNT162b1) target-
ing the RBD of the S protein, developed by Pfizer and BioNTech,
reported that the vaccine caused mild to moderate local and
systematic symptoms in most vaccinators, with the vaccine
eliciting higher neutralizing titers after the second dose compared
to the COVID-19 convalescent sera panel (Table 1).48 Phase 1 trial
assessing mRNA-1273 that encoded the stabilized prefusion SARS-
CoV-2 S protein demonstrated that the two-dose vaccine series
did not cause severe adverse events and could elicit neutralization
and Th1-biased CD4+ T-cell responses (Table 1).49 The lipid
nanoparticles (LNP)-encapsulated mRNA vaccine encoding SARS-
CoV-2 RBD called ARCoV conferred potent protection against
SARS-CoV-2 in mice and non-human primates after two immuni-
zation doses. Moreover, it could be stored at room temperature,
which would be more convenient for transportation and
storage.50

DNA vaccines also have great therapeutic potential due to their
ability to enhance T-cell induction and antibody production, the
excellent biocompatibility of plasmid DNA, low-cost manufactur-
ing, and their long shelf life.51 However, their disadvantage is that
the DNA molecules must cross the nuclear membrane to be
transcribed, and they generally have low immunogenicity. A study

of various DNA vaccine candidates encoding different forms of the
SARS-CoV-2 S protein discovered that vaccinated rhesus maca-
ques were able to develop humoral and cellular immune
responses and that vaccine-induced NAb titers were associated
with protective efficacy.52 Notably, DNA vaccines induced type I
helper T cells (Th1) instead of type II helper T cells (Th2) responses
with no observed enhancement of clinical disease in rhesus
macaques. However, a report concerning a MERS-CoV DNA
vaccine observed NAbs in just half of all subjects and titers
noticeably waned during the course of the study follow-up.53

Future studies should explore whether DNA vaccines are effective
in inducing long-term NAbs and whether non-neutralizing anti-
body responses can confer protection or cause more severe
disease.

Vector vaccines
Vector vaccines are generally constructed from a carrier virus, such
as an adeno or pox virus, and are engineered to carry a relevant
gene from the virus, usually the S gene for CoVs. The key
advantage of vector vaccines is that the immunogen is expressed
in the context of a heterologous viral infection, which induces the
innate immune responses required for the adaptive immune
responses.54 Nevertheless, this strategy may induce prior immu-
nity to the vector and are limited to presenting only a small
number of CoV antigens to the host immune system. Clinical trials
regarding an adenovirus type 5 (Ad5) vector vaccine carrying
recombinant SARS-CoV-2, developed by CanSino Biological Inc.
and Beijing Institute of Biotechnology, revealed that the vaccine at
a dose of 5 × 1010 viral particles per mL was safer than the vaccine
at 1 × 1011 viral particles, and elicited comparable immune
response to it55 (Table 1). However, high pre-existing Ad5
immunity and increasing age reduced NAbs response and the
pre-existing immunity might also influence T-cell immune
response post-vaccination.56 Thus, further investigation is required
to address these problems influencing vaccine efficacy. Phase 1/
2 studies of a heterologous COVID-19 vaccine comprising a
recombinant adenovirus type 26 (rAd26) vector and a recombi-
nant adenovirus type 5 (rAd5) vector, both carrying the S gene of
SARS-CoV-2, demonstrated that the pre-existing immune response
to the vectors rAd26 and rAd5 did not influence the titre of RBD-
specific antibodies (Table 1). Therefore, heterologous vaccination
may be a good option to antagonize the negative impacts of
immune response to vaccine vectors.57 Moreover, a phase 3 study

Inactivated vaccines

DNA vaccinesAdvantages:
· Enhances humoral and cellular
  immune responses  
· Is stable, and can be easily 
  prepared and harvested 
  in large quantities.

Disadvatages:
· The safety and efficacy of 
  vaccines for use in humans 
  remain unknown.

Electroporation

APC

RNA vaccines

Advantages:
· Can be rapidly developed and

have potential for low-cost
manufacture.

Disadvatages:
· The properties of mRNA may 
   influence its cellular delivery 
   and organ distribution
· Whether it is safe or not in 
  humans, this remains unknown.

Advantages:
· Can be easily produced and 
   stably express conformation-
   dependent antigenic epitopes.
Disadvatages:
· The unimportant antigen may  
   skew the immune response
· Needs the biosafety level 3 
   growth of pathogen.

Advantages: 
· Can infect APCs directly, and is 
  physically and genetically stable.

Disadvatages:
· May induce prior immunity to 
  the vector.
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· May protect immunized animals 
  from viral infection.
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· May have limited efficacy and  
  make immune responses 
  unbalanced.
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Viral
proteins

Fig. 2 Overview of the diverse types of vaccines, and their potential advantages and disadvantages
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Landscape of COVID-19 candidate vaccines 
16 june 2020

source: WHO

11 candidate vaccines in clinical evaluation

Platform Type of candidate Developer Current stage Same platform for other viruses

Non replicating viral vector ChAdOx1-S University of Oxford/
Astrazeneca Phase 2b/3 MERS, influenza, TB, Chikungunya, Zika, MenB, plague

Non replicating viral vector Adenovirus Type 5 vector CanSino Biological Inc/Beijing 
Institute of Biotechnology

Phase 2 Ebola

RNA LNP-encapsulated mRNA MODERNA/NIAID Phase 2 multiple candidates

Inactivated Inactivated Wuhan Institute of Biological 
Products/Sinopharm Phase 1/2

Inactivated Inactivated Beijing Institute of Biological 
Products/Sinopharm Phase 1/2

Inactivated Inactivated + alum Sinovac Phase 1/2 SARS

Protein subunit
Recombinant SARS CoV-2 
glycoprotein nanoparticle 
adjuvanted with Matrix M

Novavx Phase 1/2 RSV; CCHF, HPV, VZV, EBOV 

RNA 3 LNP-mRNAs BioNTech/Fosun Pharma/
Pfizer Phase 1/2

Inactivated Inactivated
Institute of Medical Biology, 

Chinese Academy of Medical 
Sciences

Phase 1

DNA DNA plasmid with 
electroporation Inovio Pharmaceuticals Phase 1 multiple candidates

RNA saRNA Imperial College London Phase 1 EBOV, LASV, MARV, Inf, RABV

Landscape of COVID-19 candidate vaccines 
3 november 2020

source: WHO

47 candidate vaccines in clinical evaluation
Platform Type of candidate Developer Current stage Same platform for other viruses

Non replicating viral vector ChAdOx1-S University of Oxford/
Astrazeneca

Phase 3 MERS, influenza, TB, Chikungunya, Zika, MenB, plague

Non replicating viral vector Adenovirus Type 5 vector CanSino Biological Inc/Beijing 
Institute of Biotechnology

Phase 3 Ebola

RNA LNP-encapsulated mRNA MODERNA/NIAID Phase 3 multiple candidates

Inactivated Inactivated Wuhan Institute of Biological 
Products/Sinopharm

Phase 3

Inactivated Inactivated Beijing Institute of Biological 
Products/Sinopharm Phase 3

Inactivated Inactivated + alum Sinovac Phase 3 SARS

Protein subunit
Recombinant SARS CoV-2 
glycoprotein nanoparticle 
adjuvanted with Matrix M

Novavx Phase 3 RSV; CCHF, HPV, VZV, EBOV 

RNA 3 LNP-mRNAs BioNTech/Fosun Pharma/
Pfizer Phase 3

Inactivated Inactivated
Institute of Medical Biology, 

Chinese Academy of Medical 
Sciences

Phase 2

DNA DNA plasmid with 
electroporation Inovio Pharmaceuticals Phase 2 multiple candidates

RNA saRNA Imperial College London Phase 1 EBOV, LASV, MARV, Inf, RABV
Non replicating viral vector Adeno-based	(rAd26-S+rAd5-S)	 Gamaleya Research Institute Phase 3 Ebola

source: WHO

128 candidate vaccines in pre-clinical evaluation
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128 candidate vaccines in preclinical evaluation 

Platform Type of candidate 
vaccine 

Developer Coronavirus 
target 

Current stage of clinical 
evaluation/regulatory 

status- Coronavirus 
candidate 

Same platform 
for non-

Coronavirus 
candidates 

DNA DNA Vaccine (GX-19) Genexine Consortium SARS-CoV2 Pre-Clinical  

DNA DNA with 
electroporation 

Karolinska Institute / Cobra 
Biologics  
(OPENCORONA Project) 

SARS-CoV2 Pre-Clinical  

DNA DNA with 
electroporation 

Chula Vaccine Research Center SARS-CoV2 Pre-Clinical  

DNA DNA plasmid vaccine Osaka University/ AnGes/ Takara 
Bio 

SARS-CoV2 Pre-Clinical  

DNA DNA Takis/Applied DNA 
Sciences/Evvivax 

SARS-CoV2 Pre-Clinical  

DNA Plasmid DNA, Needle-
Free Delivery 

Immunomic Therapeutics, 
Inc./EpiVax, Inc./PharmaJet 

SARS-CoV2 Pre-Clinical SARS 

DNA DNA plasmid vaccine  
 

Zydus Cadila SARS-CoV2 Pre-Clinical  

DNA  DNA vaccine BioNet Asia SARS-CoV2 Pre-Clinical  
DNA  DNA vaccine University of Waterloo SARS-CoV2 Pre-Clinical  
DNA  DNA vaccine Entos Pharmaceuticals SARS-CoV2 Pre-Clinical  
DNA bacTRL-Spike Symvivo SARS-CoV2 Pre-Clinical  
Inactivated Inactivated Beijing Minhai Biotechnology Co., 

Ltd. 
SARS-CoV2 Pre-Clinical  

Inactivated TBD Osaka University/ BIKEN/ NIBIOHN SARS-CoV2 Pre-Clinical  
Inactivated Inactivated + CpG 

1018 
Sinovac/Dynavax SARS-CoV2 Pre-Clinical  

Inactivated Inactivated + CpG 
1018 

Valneva/Dynavax SARS-CoV2 Pre-Clinical  

Inactivated Inactivated Research Institute for Biological 
Safety Problems, Rep of 
Kazakhstan 

SARS-CoV2 Pre-Clinical  

Live 
Attenuated 
Virus 

Codon deoptimized 
live attenuated 
vaccines 

Codagenix/Serum Institute of India  SARS-CoV2 Pre-Clinical HAV, InfA, ZIKV, 
FMD, SIV, RSV, 
DENV 

Live 
Attenuated 
Virus 

Codon deoptimized 
live attenuated 
vaccines 

Indian Immunologicals Ltd/Griffith 
University 

SARS-CoV2 Pre-Clinical  

Non-
Replicating 
Viral Vector 

Adeno-associated 
virus vector 
(AAVCOVID) 

Massachusetts Eye and 
Ear/Massachusetts General 
Hospital/AveXis 

SARS-CoV2 Pre-Clinical  

Non-
Replicating 
Viral Vector 

MVA encoded VLP GeoVax/BravoVax SARS-CoV2 Pre-Clinical LASV, EBOV, 
MARV, HIV 

Non-
Replicating 
Viral Vector 

Ad26 Janssen Pharmaceutical 
Companies 

SARS-CoV2 Pre-Clinical Ebola, HIV, RSV 

Non-
Replicating 
Viral Vector 

Replication defective 
Simian Adenovirus 
(GRAd) encoding 
SARS-CoV-2 S  

ReiThera/LEUKOCARE/Univercells SARS-CoV2 Pre-Clinical  

Non-
replicating 
viral vector 

MVA-S encoded DZIF – German Center for Infection 
Research 

SARS-CoV2 Pre-clinical Many 

Non-
replicating 
viral vector 

MVA-S  IDIBAPS-Hospital Clinic, Spain SARS-CoV2 Pre-clinical  

Non-
Replicating 
Viral Vector 

adenovirus-based 
NasoVAX expressing 
SARS2-CoV spike 
protein 

Altimmune SARS-CoV2 Pre-Clinical influenza 

Non-
Replicating 
Viral Vector 

[E1-, E2b-, E3-] hAd5-
COVID19-
Spike/Nucleocapsid 

ImmunityBio, Inc. & NantKwest, 
Inc. 

SARS-CoV2 Pre-Clinical flu, Chik, Zika, 
EBOV, LASV, 
HIV/SIV,Cancer 
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whatsoever for any death, disability, injury, suffering, loss, damage or other prejudice of any kind that may arise from or in connection with the procurement, 
distribution or use of any product included in any of these landscape documents.  

 

Non-

Replicating 

Viral Vector 

Ad5 S (GREVAX™ 
platform) 

Greffex SARS-CoV2 Pre-Clinical MERS 

Non-

Replicating 

Viral Vector 

Oral Ad5 S  Stabilitech Biopharma Ltd SARS-CoV2 Pre-Clinical Zika, VZV, HSV-2 

and Norovirus 

Non-

Replicating 

Viral Vector 

adenovirus-based  +  

HLA-matched 

peptides 

Valo Therapeutics Ltd Pan-Corona Pre-Clinical  

Non-

Replicating 

Viral Vector 

Oral Vaccine platform Vaxart SARS-CoV2 Pre-Clinical InfA, CHIKV, 

LASV, NORV; 

EBOV, RVF, HBV, 

VEE 

Non-

Replicating 

Viral Vector 

MVA expressing 

structural proteins 

Centro Nacional Biotecnología 

(CNB-CSIC), Spain 

SARS-CoV2 Pre-Clinical Multiple 

candidates 

Non-

Replicating 

Viral Vector 

Dendritic cell-based 

vaccine 

University of Manitoba SARS-CoV2 Pre-Clinical  

Non-

Replicating 

Viral Vector 

parainfluenza virus 5 

(PIV5)-based vaccine 

expressing the spike 

protein 

University of Georgia/University of 

Iowa 

SARS-CoV2 Pre-Clinical MERS 

Non-

Replicating 

Viral Vector 

Recombinant 

deactivated rabies 

virus containing S1 

Bharat Biotech/Thomas Jefferson 

University 

SARS-CoV2 Pre-Clinical HeV, NiV, EBOV, 

LASSA, CCHFV, 

MERS 

Non-

Replicating 

Viral Vector 

Inactivated Flu-based 

SARS-CoV2 vaccine + 

Adjuvant 

National Center for Genetic 

Engineering and Biotechnology 

(BIOTEC) /GPO, Thailand  

SARS-CoV2 Pre-Clinical  

Protein 

Subunit 

Protein Subunit University of San Martin and 

CONICET, Argentina 

SARS-CoV2 Pre-Clinical  

Protein 

Subunit 

RBD protein fused 

with Fc of IgG + Adj. 

Chulalongkorn University/GPO, 

Thailand 

SARS-CoV2 Pre-Clinical  

Protein 

Subunit 

Capsid-like Particle AdaptVac (PREVENT-nCoV 

consortium) 

SARS-CoV2 Pre-Clinical  

Protein 

Subunit 

Drosophila S2 insect 

cell expression system 

VLPs 

ExpreS2ion SARS-CoV2 Pre-Clinical  

Protein 

Subunit 

Peptide antigens 

formulated in LNP 

IMV Inc SARS-CoV2 Pre-Clinical  

Protein 

Subunit 

S protein WRAIR/USAMRIID SARS-CoV2 Pre-Clinical  

Protein 

Subunit 

S protein +Adjuvant National Institute of Infectious 

Disease, Japan 

SARS-CoV2 Pre-Clinical Influenza 

Protein 

Subunit 

VLP-recombinant 

protein + Adjuvant 

Osaka University/ BIKEN/  National 

Institutes of Biomedical 

Innovation, Japan 

SARS-CoV2 Pre-Clinical  

Protein 

Subunit 

Native like Trimeric 

subunit Spike Protein 

vaccine 

Clover Biopharmaceuticals 

Inc./GSK/Dynavax 

SARS-CoV2 Pre-Clinical HIV, REV 

Influenza 

Protein 

Subunit 

microneedle arrays S1 

subunit 

Univ. of Pittsburgh SARS-CoV2 Pre-Clinical MERS 

Protein 

Subunit 

Peptide Vaxil Bio SARS-CoV2 Pre-Clinical  

Protein 

Subunit 

Adjuvanted protein 

subunit (RBD) 

Biological E Ltd SARS-CoV2 Pre-Clinical  

Protein 

Subunit 

Peptide Flow Pharma Inc SARS-CoV2 Pre-Clinical Ebola, Marburg, 

HIV, Zika, 

Influenza, HPV 

therapeutic 

vaccine, 

BreastCA vaccine 

Protein 

Subunit 

S protein AJ Vaccines SARS-CoV2 Pre-Clinical  

Protein 

Subunit 

Ii-Key peptide Generex/EpiVax SARS-CoV2 Pre-Clinical Influenza, HIV, 

SARS-CoV 

Protein 

Subunit 

S protein EpiVax/Univ. of Georgia SARS-CoV2 Pre-Clinical H7N9 
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coronavirus. Inclusion of any particular product or entity in any of these landscape documents does not constitute, and shall not be deemed or construed as, any 
approval or endorsement by WHO of such product or entity (or any of its businesses or activities).  While WHO takes reasonable steps to verify the accuracy of the 
information presented in these landscape documents, WHO does not make any (and hereby disclaims all) representations and warranties regarding the accuracy, 
completeness, fitness for a particular purpose (including any of the aforementioned purposes),  quality, safety, efficacy, merchantability and/or non-infringement of any 
information provided in these landscape documents and/or of any of the products referenced therein.  WHO also disclaims any and all liability or responsibility 
whatsoever for any death, disability, injury, suffering, loss, damage or other prejudice of any kind that may arise from or in connection with the procurement, 
distribution or use of any product included in any of these landscape documents.  

 

Protein 
Subunit 

Protein Subunit EPV-
CoV-19 

EpiVax SARS-CoV2 Pre-Clinical  

Protein 
Subunit 

S protein (baculovirus 
production) 

Sanofi Pasteur/GSK SARS-CoV2 Pre-Clinical Influenza, SARS-
CoV 

Protein 
Subunit 

gp-96 backbone Heat Biologics/Univ. Of Miami SARS-CoV2 Pre-Clinical NSCLC, HIV, 
malaria, Zika 

Protein 
Subunit 

Molecular clamp 
stabilized Spike 
protein 

University of 
Queensland/GSK/Dynavax 

SARS-CoV2 Pre-Clinical Nipah, influenza, 
Ebola, Lassa 

Protein 
Subunit 

Peptide vaccine  FBRI SRC VB VECTOR, 
Rospotrebnadzor, Koltsovo 

SARS-CoV2 Pre-Clinical Ebola 

Protein 
Subunit 

Subunit vaccine  FBRI SRC VB VECTOR, 
Rospotrebnadzor, Koltsovo 

SARS-CoV2 Pre-Clinical  

Protein 
Subunit 

S1 or RBD protein Baylor College of Medicine SARS-CoV2 Pre-Clinical SARS 

Protein 
Subunit 

Subunit protein, plant 
produced 

iBio/CC-Pharming SARS-CoV2 Pre-Clinical  

Protein 
Subunit 

Recombinant protein, 
nanoparticles (based 
on S-protein and 
other epitopes) 

Saint-Petersburg scientific research 
institute of vaccines and serums 

SARS-CoV2 Pre-Clinical  

Protein 
Subunit 

COVID-19 XWG-03 
truncated S (spike) 
proteins 

Innovax/Xiamen Univ./GSK SARS-CoV2 Pre-Clinical HPV 

Protein 
Subunit 

Adjuvanted 
microsphere peptide 

VIDO-InterVac, University of 
Saskatchewan 

SARS-CoV2 Pre-Clinical  

Protein 
Subunit 

Synthetic Long 
Peptide Vaccine 
candidate for S and M 
proteins 

OncoGen SARS-CoV2 Pre-Clinical  

Protein 
Subunit 

Oral  E. coli-based 
protein expression 
system of S and N 
proteins 

MIGAL Galilee Research Institute SARS-CoV2 Pre-Clinical  

Protein 
Subunit 

Nanoparticle vaccine LakePharma, Inc. SARS-CoV2 Pre-Clinical  

Protein 
Subunit 

Recombinant spike 
protein with Advax™ 
adjuvant 

Vaxine Pty Ltd/Medytox SARS-CoV2 Pre-Clinical  

Protein 
Subunit 

Plant-based subunit 
(RBD-Fc + Adjuvant) 

Baiya Phytopharm/ Chula Vaccine 
Research Center 

SARS-CoV2 Pre-Clinical  

Protein 
Subunit 

OMV-based vaccine Quadram Institute Biosciences SARS-CoV2  Flu A, plague 

Protein 
Subunit 

OMV-based vaccine BiOMViS Srl/Univ. of Trento SARS-CoV2   

Protein 
subunit 

structurally modified 
spherical particles of 
the tobacco mosaic 
virus (TMV) 

Lomonosov Moscow State 
University 

SARS-CoV2 preclinical rubella, rotavirus 

Protein 
Subunit 

Spike-based University of Alberta SARS-CoV2 Pre-Clinical Hepatitis C 

Protein 
Subunit 

Recombinant S1-Fc 
fusion protein 

AnyGo Technology SARS-CoV2 Pre-Clinical  

Protein 
Subunit 

Recombinant protein Yisheng Biopharma SARS-CoV2 Pre-Clinical  

Protein 
Subunit 

Recombinant S 
protein in IC-BEVS 

Vabiotech SARS-CoV2 Pre-Clinical  

Protein 
Subunit 

Orally delivered, heat 
stable subunit 

Applied Biotechnology Institute, 
Inc. 

SARS-CoV2 Pre-Clinical  

Protein 
Subunit 

S-2P protein + CpG 
1018 

Medigen Vaccine Biologics 
Corporation/NIAID/Dynavax 

SARS-CoV2 Pre-Clinical  

Protein 
Subunit 

Peptides derived from 
Spike protein 

Axon Neuroscience SE SARS-CoV2 Pre-Clinical  

Protein 
Subunit 

Protein Subunit MOGAM Institute for Biomedical 
Research, GC Pharma 

SARS-CoV2 Pre-Clinical  

Protein 
Subunit 

Adjuvanted 
recombinant protein  
(RBD-Dimer) 

Anhui Zhifei Longcom 
Biopharmaceutical/ 

SARS-CoV2 Pre-Clinical  

Landscape of COVID-19 candidate vaccines 
16 june 2020

source: WHO

155 candidate vaccines in pre-clinical evaluation
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128 candidate vaccines in preclinical evaluation 

Platform Type of candidate 
vaccine 

Developer Coronavirus 
target 

Current stage of clinical 
evaluation/regulatory 

status- Coronavirus 
candidate 

Same platform 
for non-

Coronavirus 
candidates 

DNA DNA Vaccine (GX-19) Genexine Consortium SARS-CoV2 Pre-Clinical  

DNA DNA with 
electroporation 

Karolinska Institute / Cobra 
Biologics  
(OPENCORONA Project) 

SARS-CoV2 Pre-Clinical  

DNA DNA with 
electroporation 

Chula Vaccine Research Center SARS-CoV2 Pre-Clinical  

DNA DNA plasmid vaccine Osaka University/ AnGes/ Takara 
Bio 

SARS-CoV2 Pre-Clinical  

DNA DNA Takis/Applied DNA 
Sciences/Evvivax 

SARS-CoV2 Pre-Clinical  

DNA Plasmid DNA, Needle-
Free Delivery 

Immunomic Therapeutics, 
Inc./EpiVax, Inc./PharmaJet 

SARS-CoV2 Pre-Clinical SARS 

DNA DNA plasmid vaccine  
 

Zydus Cadila SARS-CoV2 Pre-Clinical  

DNA  DNA vaccine BioNet Asia SARS-CoV2 Pre-Clinical  
DNA  DNA vaccine University of Waterloo SARS-CoV2 Pre-Clinical  
DNA  DNA vaccine Entos Pharmaceuticals SARS-CoV2 Pre-Clinical  
DNA bacTRL-Spike Symvivo SARS-CoV2 Pre-Clinical  
Inactivated Inactivated Beijing Minhai Biotechnology Co., 

Ltd. 
SARS-CoV2 Pre-Clinical  

Inactivated TBD Osaka University/ BIKEN/ NIBIOHN SARS-CoV2 Pre-Clinical  
Inactivated Inactivated + CpG 

1018 
Sinovac/Dynavax SARS-CoV2 Pre-Clinical  

Inactivated Inactivated + CpG 
1018 

Valneva/Dynavax SARS-CoV2 Pre-Clinical  

Inactivated Inactivated Research Institute for Biological 
Safety Problems, Rep of 
Kazakhstan 

SARS-CoV2 Pre-Clinical  

Live 
Attenuated 
Virus 

Codon deoptimized 
live attenuated 
vaccines 

Codagenix/Serum Institute of India  SARS-CoV2 Pre-Clinical HAV, InfA, ZIKV, 
FMD, SIV, RSV, 
DENV 

Live 
Attenuated 
Virus 

Codon deoptimized 
live attenuated 
vaccines 

Indian Immunologicals Ltd/Griffith 
University 

SARS-CoV2 Pre-Clinical  

Non-
Replicating 
Viral Vector 

Adeno-associated 
virus vector 
(AAVCOVID) 

Massachusetts Eye and 
Ear/Massachusetts General 
Hospital/AveXis 

SARS-CoV2 Pre-Clinical  

Non-
Replicating 
Viral Vector 

MVA encoded VLP GeoVax/BravoVax SARS-CoV2 Pre-Clinical LASV, EBOV, 
MARV, HIV 

Non-
Replicating 
Viral Vector 

Ad26 Janssen Pharmaceutical 
Companies 

SARS-CoV2 Pre-Clinical Ebola, HIV, RSV 

Non-
Replicating 
Viral Vector 

Replication defective 
Simian Adenovirus 
(GRAd) encoding 
SARS-CoV-2 S  

ReiThera/LEUKOCARE/Univercells SARS-CoV2 Pre-Clinical  

Non-
replicating 
viral vector 

MVA-S encoded DZIF – German Center for Infection 
Research 

SARS-CoV2 Pre-clinical Many 

Non-
replicating 
viral vector 

MVA-S  IDIBAPS-Hospital Clinic, Spain SARS-CoV2 Pre-clinical  

Non-
Replicating 
Viral Vector 

adenovirus-based 
NasoVAX expressing 
SARS2-CoV spike 
protein 

Altimmune SARS-CoV2 Pre-Clinical influenza 

Non-
Replicating 
Viral Vector 

[E1-, E2b-, E3-] hAd5-
COVID19-
Spike/Nucleocapsid 

ImmunityBio, Inc. & NantKwest, 
Inc. 

SARS-CoV2 Pre-Clinical flu, Chik, Zika, 
EBOV, LASV, 
HIV/SIV,Cancer 
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Non-

Replicating 

Viral Vector 

Ad5 S (GREVAX™ 
platform) 

Greffex SARS-CoV2 Pre-Clinical MERS 

Non-

Replicating 

Viral Vector 

Oral Ad5 S  Stabilitech Biopharma Ltd SARS-CoV2 Pre-Clinical Zika, VZV, HSV-2 

and Norovirus 

Non-

Replicating 

Viral Vector 

adenovirus-based  +  

HLA-matched 

peptides 

Valo Therapeutics Ltd Pan-Corona Pre-Clinical  

Non-

Replicating 

Viral Vector 

Oral Vaccine platform Vaxart SARS-CoV2 Pre-Clinical InfA, CHIKV, 

LASV, NORV; 

EBOV, RVF, HBV, 

VEE 

Non-

Replicating 

Viral Vector 

MVA expressing 

structural proteins 

Centro Nacional Biotecnología 

(CNB-CSIC), Spain 

SARS-CoV2 Pre-Clinical Multiple 

candidates 

Non-

Replicating 

Viral Vector 

Dendritic cell-based 

vaccine 

University of Manitoba SARS-CoV2 Pre-Clinical  

Non-

Replicating 

Viral Vector 

parainfluenza virus 5 

(PIV5)-based vaccine 

expressing the spike 

protein 

University of Georgia/University of 

Iowa 

SARS-CoV2 Pre-Clinical MERS 

Non-

Replicating 

Viral Vector 

Recombinant 

deactivated rabies 

virus containing S1 

Bharat Biotech/Thomas Jefferson 

University 

SARS-CoV2 Pre-Clinical HeV, NiV, EBOV, 

LASSA, CCHFV, 

MERS 

Non-

Replicating 

Viral Vector 

Inactivated Flu-based 

SARS-CoV2 vaccine + 

Adjuvant 

National Center for Genetic 

Engineering and Biotechnology 

(BIOTEC) /GPO, Thailand  

SARS-CoV2 Pre-Clinical  

Protein 

Subunit 

Protein Subunit University of San Martin and 

CONICET, Argentina 

SARS-CoV2 Pre-Clinical  

Protein 

Subunit 

RBD protein fused 

with Fc of IgG + Adj. 

Chulalongkorn University/GPO, 

Thailand 

SARS-CoV2 Pre-Clinical  

Protein 

Subunit 

Capsid-like Particle AdaptVac (PREVENT-nCoV 

consortium) 

SARS-CoV2 Pre-Clinical  

Protein 

Subunit 

Drosophila S2 insect 

cell expression system 

VLPs 

ExpreS2ion SARS-CoV2 Pre-Clinical  

Protein 

Subunit 

Peptide antigens 

formulated in LNP 

IMV Inc SARS-CoV2 Pre-Clinical  

Protein 

Subunit 

S protein WRAIR/USAMRIID SARS-CoV2 Pre-Clinical  

Protein 

Subunit 

S protein +Adjuvant National Institute of Infectious 

Disease, Japan 

SARS-CoV2 Pre-Clinical Influenza 

Protein 

Subunit 

VLP-recombinant 

protein + Adjuvant 

Osaka University/ BIKEN/  National 

Institutes of Biomedical 

Innovation, Japan 

SARS-CoV2 Pre-Clinical  

Protein 

Subunit 

Native like Trimeric 

subunit Spike Protein 

vaccine 

Clover Biopharmaceuticals 

Inc./GSK/Dynavax 

SARS-CoV2 Pre-Clinical HIV, REV 

Influenza 

Protein 

Subunit 

microneedle arrays S1 

subunit 

Univ. of Pittsburgh SARS-CoV2 Pre-Clinical MERS 

Protein 

Subunit 

Peptide Vaxil Bio SARS-CoV2 Pre-Clinical  

Protein 

Subunit 

Adjuvanted protein 

subunit (RBD) 

Biological E Ltd SARS-CoV2 Pre-Clinical  

Protein 

Subunit 

Peptide Flow Pharma Inc SARS-CoV2 Pre-Clinical Ebola, Marburg, 

HIV, Zika, 

Influenza, HPV 

therapeutic 

vaccine, 

BreastCA vaccine 

Protein 

Subunit 

S protein AJ Vaccines SARS-CoV2 Pre-Clinical  

Protein 

Subunit 

Ii-Key peptide Generex/EpiVax SARS-CoV2 Pre-Clinical Influenza, HIV, 

SARS-CoV 

Protein 

Subunit 

S protein EpiVax/Univ. of Georgia SARS-CoV2 Pre-Clinical H7N9 
DISCLAIMER:  

These landscape documents have been prepared by the World Health Organization (WHO) for information purposes only concerning the 2019-2020 global of the novel 
coronavirus. Inclusion of any particular product or entity in any of these landscape documents does not constitute, and shall not be deemed or construed as, any 
approval or endorsement by WHO of such product or entity (or any of its businesses or activities).  While WHO takes reasonable steps to verify the accuracy of the 
information presented in these landscape documents, WHO does not make any (and hereby disclaims all) representations and warranties regarding the accuracy, 
completeness, fitness for a particular purpose (including any of the aforementioned purposes),  quality, safety, efficacy, merchantability and/or non-infringement of any 
information provided in these landscape documents and/or of any of the products referenced therein.  WHO also disclaims any and all liability or responsibility 
whatsoever for any death, disability, injury, suffering, loss, damage or other prejudice of any kind that may arise from or in connection with the procurement, 
distribution or use of any product included in any of these landscape documents.  

 

Protein 
Subunit 

Protein Subunit EPV-
CoV-19 

EpiVax SARS-CoV2 Pre-Clinical  

Protein 
Subunit 

S protein (baculovirus 
production) 

Sanofi Pasteur/GSK SARS-CoV2 Pre-Clinical Influenza, SARS-
CoV 

Protein 
Subunit 

gp-96 backbone Heat Biologics/Univ. Of Miami SARS-CoV2 Pre-Clinical NSCLC, HIV, 
malaria, Zika 

Protein 
Subunit 

Molecular clamp 
stabilized Spike 
protein 

University of 
Queensland/GSK/Dynavax 

SARS-CoV2 Pre-Clinical Nipah, influenza, 
Ebola, Lassa 

Protein 
Subunit 

Peptide vaccine  FBRI SRC VB VECTOR, 
Rospotrebnadzor, Koltsovo 

SARS-CoV2 Pre-Clinical Ebola 

Protein 
Subunit 

Subunit vaccine  FBRI SRC VB VECTOR, 
Rospotrebnadzor, Koltsovo 

SARS-CoV2 Pre-Clinical  

Protein 
Subunit 

S1 or RBD protein Baylor College of Medicine SARS-CoV2 Pre-Clinical SARS 

Protein 
Subunit 

Subunit protein, plant 
produced 

iBio/CC-Pharming SARS-CoV2 Pre-Clinical  

Protein 
Subunit 

Recombinant protein, 
nanoparticles (based 
on S-protein and 
other epitopes) 

Saint-Petersburg scientific research 
institute of vaccines and serums 

SARS-CoV2 Pre-Clinical  

Protein 
Subunit 

COVID-19 XWG-03 
truncated S (spike) 
proteins 

Innovax/Xiamen Univ./GSK SARS-CoV2 Pre-Clinical HPV 

Protein 
Subunit 

Adjuvanted 
microsphere peptide 

VIDO-InterVac, University of 
Saskatchewan 

SARS-CoV2 Pre-Clinical  

Protein 
Subunit 

Synthetic Long 
Peptide Vaccine 
candidate for S and M 
proteins 

OncoGen SARS-CoV2 Pre-Clinical  

Protein 
Subunit 

Oral  E. coli-based 
protein expression 
system of S and N 
proteins 

MIGAL Galilee Research Institute SARS-CoV2 Pre-Clinical  

Protein 
Subunit 

Nanoparticle vaccine LakePharma, Inc. SARS-CoV2 Pre-Clinical  

Protein 
Subunit 

Recombinant spike 
protein with Advax™ 
adjuvant 

Vaxine Pty Ltd/Medytox SARS-CoV2 Pre-Clinical  

Protein 
Subunit 

Plant-based subunit 
(RBD-Fc + Adjuvant) 

Baiya Phytopharm/ Chula Vaccine 
Research Center 

SARS-CoV2 Pre-Clinical  

Protein 
Subunit 

OMV-based vaccine Quadram Institute Biosciences SARS-CoV2  Flu A, plague 

Protein 
Subunit 

OMV-based vaccine BiOMViS Srl/Univ. of Trento SARS-CoV2   

Protein 
subunit 

structurally modified 
spherical particles of 
the tobacco mosaic 
virus (TMV) 

Lomonosov Moscow State 
University 

SARS-CoV2 preclinical rubella, rotavirus 

Protein 
Subunit 

Spike-based University of Alberta SARS-CoV2 Pre-Clinical Hepatitis C 

Protein 
Subunit 

Recombinant S1-Fc 
fusion protein 

AnyGo Technology SARS-CoV2 Pre-Clinical  

Protein 
Subunit 

Recombinant protein Yisheng Biopharma SARS-CoV2 Pre-Clinical  

Protein 
Subunit 

Recombinant S 
protein in IC-BEVS 

Vabiotech SARS-CoV2 Pre-Clinical  

Protein 
Subunit 

Orally delivered, heat 
stable subunit 

Applied Biotechnology Institute, 
Inc. 

SARS-CoV2 Pre-Clinical  

Protein 
Subunit 

S-2P protein + CpG 
1018 

Medigen Vaccine Biologics 
Corporation/NIAID/Dynavax 

SARS-CoV2 Pre-Clinical  

Protein 
Subunit 

Peptides derived from 
Spike protein 

Axon Neuroscience SE SARS-CoV2 Pre-Clinical  

Protein 
Subunit 

Protein Subunit MOGAM Institute for Biomedical 
Research, GC Pharma 

SARS-CoV2 Pre-Clinical  

Protein 
Subunit 

Adjuvanted 
recombinant protein  
(RBD-Dimer) 

Anhui Zhifei Longcom 
Biopharmaceutical/ 

SARS-CoV2 Pre-Clinical  

Landscape of COVID-19 candidate vaccines 
3 november 2020

source: WHO

128 candidate vaccines in pre-clinical evaluation
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RNA LNP-encapsulated 

mRNA encoding RBD 

Fudan University/ Shanghai 

JiaoTong University/RNACure 

Biopharma 

SARS-CoV2 Pre-Clinical  

RNA Replicating Defective 

SARS-CoV-2 derived 

RNAs 

Centro Nacional Biotecnología 

(CNB-CSIC), Spain 

SARS-CoV2 Pre-Clinical  

RNA LNP-encapsulated 

mRNA 

University of Tokyo/ Daiichi-

Sankyo 

SARS-CoV2 Pre-Clinical MERS 

RNA Liposome-

encapsulated mRNA 

BIOCAD SARS-CoV2 Pre-Clinical  

RNA Several mRNA 

candidates 

RNAimmune, Inc. SARS-CoV2 Pre-Clinical  

RNA mRNA FBRI SRC VB VECTOR, 

Rospotrebnadzor, Koltsovo 

SARS-CoV2 Pre-Clinical  

RNA mRNA China CDC/Tongji 

University/Stermina 

SARS-CoV2 Pre-Clinical  

RNA mRNA Arcturus/Duke-NUS SARS-CoV2 Pre-Clinical multiple 

candidates 

RNA LNP-mRNA Chula Vaccine Research 

Center/University of Pennsylvania 

SARS-CoV2 Pre-Clinical  

RNA mRNA Curevac SARS-CoV2 Pre-Clinical RABV, LASV, 

YFV; MERS, InfA, 

ZIKV, DengV, 

NIPV 

RNA mRNA in an intranasal 

delivery system 

eTheRNA SARS-CoV2 Pre-Clinical  

RNA mRNA Greenlight Biosciences SARS-CoV2 Pre-Clinical  

RNA mRNA IDIBAPS-Hospital Clinic, Spain SARS-CoV2 Pre-Clinical  

VLP VLP + Adjuvant Mahidol University/ The 

Government Pharmaceutical 

Organization (GPO) 

SARS-CoV2 Pre-Clinical  

VLP Virus-like particles,  

lentivirus and 

baculovirus vehicles 

Navarrabiomed, Oncoimmunology 

group 

SARS-CoV2 Pre-Clinical  

VLP Virus-like particle, 

based on RBD 

displayed on virus-like 

particles 

Saiba GmbH SARS-CoV2 Pre-Clinical  

VLP Plant-derived VLP Medicago Inc. SARS-CoV2 Pre-Clinical Flu, Rotavirus, 

Norovirus, West 

Nile virus, 

Cancer 

VLP ADDomerTM 

multiepitope display 

Imophoron Ltd and Bristol 

University’s Max Planck Centre 

SARS-CoV2 Pre-Clinical  

VLP Unknown Doherty Institute SARS-CoV2 Pre-Clinical  

VLP VLP OSIVAX SARS-CoV1 

SARS-CoV2 

Pre-Clinical  

VLP eVLP ARTES Biotechnology SARS-CoV2 Pre-Clinical malaria 

VLP VLPs peptides/whole 

virus 

Univ. of Sao Paulo SARS-CoV2 Pre-Clinical  

Unknown Unknown Tulane University SARS-CoV2 Pre-Clinical  

Unknown Unknown Université Laval SARS-CoV2 Pre-Clinical  
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Institute of Microbiology, Chinese 
Academy of Sciences 

Protein 
Subunit 

RBD-based Neovii/Tel Aviv University SARS-CoV2 Pre-Clinical  

Protein 
Subunit 

RBD-based Kentucky Bioprocessing, Inc SARS-CoV2 Pre-Clinical  

Protein 
Subunit 

Outer Membrane 
Vesicle (OMV)-subunit 

Intravacc/Epivax SARS-CoV2 Pre-Clinical  

Protein 
Subunit 

Outer Membrane 
Vesicle(OMV)-peptide 

Intravacc/Epivax SARS-CoV2 Pre-Clinical  

Protein 
Subunit 

Spike-based (epitope 
screening) 

ImmunoPrecise SARS-CoV2 Pre-Clinical  

Replicating 
Viral Vector 

YF17D Vector  KU Leuven SARS-CoV2 Pre-Clinical  

Replicating 
Viral Vector 

Measles Vector Zydus Cadila SARS-CoV2 Pre-Clinical  

Replicating 
Viral Vector 

Measles Vector Institute Pasteur/Themis/Univ. of 
Pittsburg Center for Vaccine 
Research/Merck 

SARS-CoV2 Pre-Clinical West nile, chik, 
Ebola, Lassa, 
Zika 

Replicating 
Viral Vector 

Measles Vector FBRI SRC VB VECTOR, 
Rospotrebnadzor, Koltsovo 

SARS-CoV2 Pre-Clinical  

Live 
attenuated 
virus 

Measles Virus (S, N 
targets) 

DZIF – German Center for Infection 
Research 

SARS-CoV2 Pre-clinical Zika, H7N9, 
CHIKV 

Replicating 
Viral Vector 

Horsepox vector 
expressing S protein 

Tonix Pharma/Southern Research SARS-CoV2 Pre-Clinical Smallpox, 
monkeypox 

Replicating 
Viral Vector 

Live viral vectored 
vaccine based on 
attenuated influenza 
virus backbone 
(intranasal) 

BiOCAD and IEM SARS-CoV2 Pre-Clinical Influenza 

Replicating 
Viral Vector 

Recombinant vaccine 
based on Influenza A 
virus, for the 
prevention of COVID-
19 (intranasal) 

FBRI SRC VB VECTOR, 
Rospotrebnadzor, Koltsovo 

SARS-CoV2 Pre-Clinical Influenza 

Replicating 
Viral Vector 

Attenuated Influenza 
expressing 
an antigenic portion 
of the Spike protein 

Fundação Oswaldo Cruz and 
Instituto Buntantan 
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Monoclonal antibodies

1. Un topo viene immunizzato mediante iniezione di un 
antigene X per stimolare la produzione di un 
anticorpo diretto contro l’antigene X

2. Le cellule che producono anticorpi vengono isolate 
dalla milza del topo

3. Gli anticorpi monoclonali vengono prodotti fondendo 
una singola cellula che produce anticorpi con cellule 
di mieloma   (HGPRT negative)

4. La cellula risultante è denominata ibridoma. Ogni 
ibridoma produce quantità relativamente elevate 
della medesima molecola anticorpale

5. Facendo moltiplicare l’ibridoma in coltura è possibile 
ottenere una popolazione di cellule che producono 
tutte lo stesso anticorpo.
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models1–3. Alternatively, chimeric camelid 
VHH/human Fc nanobodies that were 
developed for Middle East respiratory 
syndrome [MERS] also provided passive 
immunotherapy in a mouse model10. 
Nanobodies are promising because of 
their small size, stability and potential 
intracellular uptake and viral neutralization.
J.G.: In general, a standard IgG1 is the  
most established and least risky starting 
point for an mAb therapy. Deviations  

result in increased risk of anti-drug  
antibody responses that may render the  
drug ineffective in some recipients. 
Smaller mAb fragments — Fab fragments, 
single-chain Fv fragments and VHH 
nanobodies — have somewhat improved 
tissue penetration and per-mass binding 
potency, but the benefit of this small 
advantage must be balanced against  
a greatly reduced half-life: these smaller 
fragments have half-lives on the order of 

hours, whereas full IgGs’ are on the order  
of weeks.

That said, engineering of the Fc can 
improve safety by removing the risk 
both of ADE [antibody-dependent 
enhancement] (where Fc-receptor bearing 
immune cells are infected by the virus) 
and of Fc-receptor-mediated cytokine 
release by macrophages, can avoid 
effector-function-mediated off-target or 
on-target tissue damage, can improve 

Table 1 | SARS-CoV-2 mAbs in clinical development

Sponsor Product Clinical stage Trial ID Study

Regeneron/NIAID REGN-COV2 (REGN10933 + 
REGN10987; human IgG1 mAbs 
targeting S protein epitope)

Phase 2/3 NCT04452318 2,000 healthy adults with infected 
people in household

Regeneron/NIAID REGN-COV2 Phase 2/3 NCT04426695 2,970 hospitalized adults with 
COVID-19

Regeneron/NIAID REGN-COV2 Phase 1/2 NCT04425629 2,104 ambulatory patients with 
COVID-19

AbCellera/Eli Lilly/NIH LY3819253 or LY3819253 + 
LY3832479 (human IgG1 mAbs 
targeting S protein epitope)

Phase 3 NCT04427501 800 patients with mild to moderate 
COVID-19

AbCellera/Eli Lilly/NIH LY3819253 or LY3819253 + 
LY3832479

Phase 3 NCT04497987 2,400 healthy staff or residents of 
skilled nursing facilities

AbCellera/Eli Lilly/NIH LY3819253 versus remdesivir 
(small-molecule nucleotide analog 
antiviral that blocks viral RNA 
polymerase)

Phase 3 NCT04501978 10,000 hospitalized patients

Vir Biotechnology/GlaxoSmithKline VIR-7831/GSK4182136 (human IgG1 
mAb targeting S protein epitope)

Phase 3 NCT04545060 1,360 non-hospitalized patients with 
COVID-19 at high risk

BeiGene/Singlomics/Peking 
University

BGB-DXP593 (human IgG1 mAb 
targeting S protein epitope)

Phase 2 NCT04551898 180 patients with mild to moderate 
COVID-19

BeiGene/Singlomics/Peking 
University

BGB-DXP593 Phase 1 NCT045332294 30 healthy adults 18–60 years olds

Junshi Biosciences/Institute of 
Microbiology, Chinese Academy

JS016 (human mAb targeting S protein 
epitope)

Phase 1 NCT04441918 40 healthy participants 15–45 years old

Tychan TY027 Phase 1 NCT04429529 32 healthy adults 21–50 years old
Celltrion CT-P59 (human mAb targeting  

S protein epitope)
Phase 1 NCT04525079 32 healthy adults 19–55 years old

Brii Bio/TSB Therapeutics/Tsinghua 
University

BRII-196 (human mAb targeting  
S protein epitope)

Phase 1 NCT04479631 12 healthy adults 18–49 years old

Brii Bio/TSB Therapeutics/Tsinghua 
University

BRII-198 (human mAb targeting  
S protein epitope)

Phase 1 NCT04479644 12 healthy adults 18–49 years old

Sinocelltech/Chinese Academy of 
Sciences

SCTA01 (humanized mAb targeting  
S protein epitopes)

Phase 1 NCT04483375 33 healthy adults

Mabwell (Shanghai) Bioscience MW33 (human mAb targeting  
S protein epitope)

Phase 1 NCT05433048 42 healthy adults 18–45 years old

Sorrento/Mount Sinai COVI-GUARD/STI-1499 (human mAb 
targeting S1 subunit of S protein)

Phase 1 NCT04454398 33 hospitalized patients with moderate 
COVID-19

AstraZeneca/Vanderbilt AZD8895 + AZD1061 (IgG1 human 
mAbs targeting S protein epitopes)

Phase 1 NCT04507256 48 healthy adults 18–55 years old

Hengenix Biotech HLX70 (human mAb targeting  
S protein epitope)

Phase 1 NCT04561076 24 healthy adults 18–60 years old

Source: https://www.antibodysociety.org/covid-19-biologics-tracker/
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Why are there few antiviral mAb programs 
compared with other therapeutic areas?

Justification for mAb profilaxis is when there is no effective vaccine (RSV, Ebola) or 
for populations who do not mount strong immune response (infants and old 
individuals) 

Many viral infections do not represent large markets 

In COVID-19 the screening of memory B cells from recovered cases finds many 
mAbs that bind to S protein and its RBD but neutralising mAb are of lower 
frequency

What aspects of the antibody-mediated response 
to coronaviruses have informed mAb engineering?

Antibodies to S protein and RBD induced in patients can neutralise SARS-CoV-2 
infectivity in vitro 

Knowledge is limited on IgA in mucosal secretions 

There is little information on the timeline of antibody response and if antibodies 
aside from those that bind the S protein play a role in protection 

Convalescent plasma may aid early in the course of the disease, based on ongoing 
observational studies, but controlled trials are needed

Why are S protein and its RBD the sole focus for 
COVID-19 mAb programs?

Antibodies to S protein and RBD induced in patients can neutralise SARS-CoV-2 
infectivity in vitro 

Knowledge is limited on IgA in mucosal secretions 

There is little information on the timeline of antibody response and if antibodies 
aside from those that bind the S protein play a role in protection 

Convalescent plasma may aid early in the course of the disease, based on ongoing 
observational studies, but controlled trials are needed


