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ABSTRACT

Since the COVID-19 outbreak began, there has been an urgent need for a safe and effective vaccine to end this global
pandemic. One such vaccine is the Ad5-nCoV, developed by CanSino Biologics Inc. This review aims to examine all
animal and human trials conducted for this vaccine candidate. Search terms such as “Ad5-nCoV”, “recombinant ade-
novirus”, “COVID-19”, and “vaccine”, were used in varying combinations in the PubMed database to find published
trial reports. It was concluded that Ad5-nCoV can induce a strong immune response in mice and ferret models and
offer them protection against the inoculation of SARS-CoV-2. It also has a strong safety profile in human and can
induce an adequate immune response in terms of RBD-specific antibodies and T cell responses, while neutralizing
antibody response and seroconversion was mediocre. The publish trial reports support the further testing of this vac-
cine candidate and it is preparing to enter phase 3 clinical trials.

Introduction

In March 2020, the World Health Organization (WHO) declared the COVID-19 outbreak to be a global pandemic.
The virus responsible for the outbreak, SARS-CoV-2, was first detected in Wuhan, China, at the end of 2019. Since
then, it has spread to every country in the world, resulting in more than 100 million confirmed cases and 2.4 million
deaths worldwide.

On January 10, 2020, the genome of SARS-CoV-2 was sequenced and vaccine development began shortly
after. One such vaccine in development is the Ad5-nCoV, by CanSino Biologics Inc. It is a replication-deficient type
5 human adenovirus vector (AdS) encoding the gene for the SARS-CoV-2 spike protein. Adenovirus vectors, espe-
cially the ones isolated from primates like chimpanzees, have been previously used to develop vaccines for SARS6
and MERS - two zoonotic coronaviruses that are similar to SARS-CoV-2. Unlike other forms of COVID-19 vaccines,
such as protein subunit or inactivated whole virus vaccines, adenovirus vector vaccines contain no pieces of the SARS-
CoV-2 virus. Instead, it contains DNA encoding the gene for its spike protein, enveloped in a modified adenovirus.
The adenovirus will inject the DNA into human cells, where cells will use the DNA to produce the SARS-CoV-2
spike proteins using its own cellular machinery. This approach is theoretically safer than vaccines like whole virus
vaccines5, as it carries no real pieces of SARS-CoV-2, making it impossible to get COVID-19 from the vaccine itself9.
Adenovirus vaccines are also more stable than mRNA vaccines, like those developed by Pfizer-BioNTech and
Moderna. Both the DNA and adenovirus used in this form of vaccine are tougher than the mRNA and lipid particles
used by mRNA vaccines, allowing them to be stored at much higher temperatures than mRNA vaccines.

To assess the immunogenicity of a vaccine, metrics such as antibody response to the spike protein (S), spe-
cifically the receptor-binding domain (RBD), neutralizing antibody (NAb) response, and T cell response, are com-
monly used. Neutralizing antibodies differ from the RBD-specific antibodies in that they not only simply bind to a
virus, but instead bind in a way that prevents infection. It can do so by blocking the virus’ interaction with a receptor
or prevent the uncoating of the viral genome. Only a small subset of antibodies are NAbs, but they are able to last
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longer to protect against future infections. One study conducted by Wajnberg et al. in New York City found that
neutralizing antibody levels can persist for as long as five months after a SARS-CoV-2 infection.

Antibodies are proteins synthesized by B cells that work to inactivate foreign pathogens, like viruses, from
the host body. The five classes of antibodies are IgA, IgD, IgE, IgG, and IgM, each with a different biological property.
An individual who develops antibodies to a pathogen has successfully undergone seroconversion, where antibodies in
the blood become detectable. The spike protein of SARS-CoV-2, responsible for mediating viral entry into host cells
and membrane fusion, is a key target for antibodies. The receptor-binding domain (RBD) of the spike protein has been
found to bind strongly to human angiotensin-converting enzyme 2 (ACE2) receptors, which enables viral entry into
human hosts. Thus, RBD has become an important target in vaccine development as blocking the RBD could inhibit
their infection to host cells. To measure the antibody response induced by vaccines, the geometric mean titre (GMT)
is commonly used as a measurement. It is the average concentrations of antibodies for a group of subjects involved in
a trial. T cells are a type of leukocyte produced by the bone marrow and express a receptor that recognizes antigens
from a variety of pathogens and tumours. T cells are divided into CD8+ and CD4+ T cells, the latter of which is further
divided into subsets such as Th1, Th2, Th17, T-regulatory cells. CD8+ cells are cytotoxic and can induce apoptosis,
while CD4+ cells work to activate the innate immune system, suppress immune reactions, and activate B cells for
antibody production. T cells secrete cytokines such as interleukins, tumour necrosis factor (TNF) a, and interferon
(IFN) y to promote inflammation and macrophages, as well as activate other immune cells, making these cytokines a
good indicator of T cell activity.

The objective of this review was to examine and summarize all published animal and clinical trial results of
the Ad5-nCoV vaccine candidate as of August 20th, 2020. The summary will primarily focus on the methods, results,
and discussions of each published trial report.

Methods

Key search terms of “Ad5-nCoV”, “recombinant adenovirus”, “SARS-CoV-2”, “COVID-19”, “vaccine”, “human”
were used in varying combinations in the PubMed database to look for all published clinical trial reports of the Ad5-
nCoV vaccine candidate. In addition, search terms of “animal”, “Ad5-nCoV”, “vaccine”, “SARS-CoV-2”, were also
used in varying combinations in PubMed to find all published animal trial reports of the said vaccine candidate. Only
original research articles published in the English language were reviewed for both searches. The first search found
two published original research articles pertaining to human trials of the Ad5-nCoV vaccine candidate, with one on
its phase 1 trial, and the other on its phase 2 trial. The second search found one published original research article
regarding the animal trial of the said vaccine candidate. Each report was then thoroughly examined with a focus on
the methods, results, and discussion sections for this review. All numerical data included in this review are significant,
as they have a p-value < 0.05, meaning there is a less than 5% that the values are due to chance.

Results

Animal Model

The animal model trial of Ad5-nCoV was published by Wu et al. in Nature Communications on August 14, 2020. The
trial was conducted on both mice and ferret models and sought to determine the efficacy of administering the vaccine
candidate through the intranasal route, in comparison to the regular intramuscular injection method. Metrics such as
the production of antibodies, T cell responses, and the protective efficacy of Ad5-nCoV against the challenge of the
SARS-CoV-2 virus in the animal subjects were examined.

The BALB/c mouse was selected to be the ideal mice model for this trial and was divided into groups of ten
mice each. The mice were all female and between six and eight weeks old. Each group received one of the following
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doses: 5% 109 virus particles (VP) (high dose), 5 X 108 VP (middle dose), or 5 x 107 VP (low dose) of Ad5-nCoV or
5% 109 VP of the control vaccine (Ad5 vector). The administration of the viral particles was done via the intramuscular
(IM) or the intranasal (IN) route. In addition, 10 weeks post-vaccination, 7 of 10 mice in every group were inoculated
intranasally with the SARS-CoV-2 virus at a dose of 103.6 plaque-forming units (PFU). At 3 days post-inoculation
(dpi), 4 of 7 mice in each group were sacrificed for viral load quantification in the lungs and turbinates through the
use of quantitative polymerase chain reaction (QPCR) and plaque assay, with the other three being sacrificed for the
same procedure at 5 dpi.

In addition to mice, ferrets were also used to assess the efficacy of Ad5-nCoV, as SARS-CoV-2 is able to
efficiently infect the upper respiratory tract of ferrets21,22. The ferrets were divided into three groups (n = 18 per
group). Each group received one of the following treatments: IM injection (5% 1010 VP), mucosal vaccination
(5 x1010 VP), and the control group. One ferret in the mucosal group also simultaneously received an IN delivery of
Ad5-nCoV at the dose of the mucosal administration. At 4 weeks post-immunization, the ferrets were challenged with
SARS-CoV-2 via the IN route at a dose of 105 PFU. Nasal washes were collected from the ferrets every two days for
viral load analysis by qPCR and PFU assays.

Among the mice subjects, spike protein-specific (S-specific) IgG, anti-SARS-CoV-2-specific NAb, IgA, and
other cellular immune responses were detected in each vaccination group through the collection of blood samples.
ELISA IgG titres peaked at day 28 for the IM groups and slightly decreased afterwards, while the IN group mice
remained at a steady peak from weeks 4 to 8. The mice in the high-dose IN group had higher IgG titres than their IM
counterparts at both weeks 6 and 8. No such difference was observed between the middle- or low-dose IM and IN
groups at weeks 6 and 8. NAbs were measured using a SARS-CoV-2 specific microneutralization assay, which mixes
serum antibodies at various dilutions with SARS-CoV-2 samples and exposes them to cells susceptible to infection in
order to assess virus neutralization. The IN group reached the peak of NAb titre at week 6 and the IM group did so at
week 8. The high-dose IN mice had significantly higher NAD titres than their IM counterparts from weeks 4 to 8,
while no difference was observed in the middle-dose group at weeks 6 and 8, and none ever in the low-dose group.
Both the middle-dose IM and IN groups showed significant induction of IFNy and IL-2 responses in splenic CD8+ T
cells or CD4+ T cells at week 2, with a higher level in the IM group than in the IN group. Despite being infected with
a mean viral load of 1.2 X 104 PFU/g in the turbinates and 5.6 X 105 PFU/g in the lungs, no virus was detected using
gPCR and PFU assays in either area of the IN mice at 3 and 5 dpi. The IM mice were infected with a mean viral load
of 3.3 x 106 PFU/g, with no virus detected in the lungs. However, the virus was detected in the turbinates of some
mice of the IM group by PFU assays and qPCR, with a significant reduction in the high and middle-dose groups
compared to the control.

Among the ferret subjects, all vaccinated subjects produced S-specific IgG antibodies and NAb at week 4,

with no difference between the two vaccination groups. The production of antibodies and NAb were not detected in
the control subjects. qPCR and PFU assays detected no virus in the nose wash samples of the ferrets in the mucosal
vaccination group from 2 to 8 dpi, while all control ferrets had infected samples. The virus was detected using PFU
assay in the nose washes of 3/6, 2/6, 0/6 and 0/6 of the ferrets in the IM group at 2, 4, 6 and 8 dpi, respectively.
The data of this study demonstrated that a single dose of the Ad5-nCoV vaccine candidate can completely protect both
the upper respiratory tract and lungs of mice, as well as producing a good immune response. In the ferret model, the
vaccine candidate was also able to protect the respiratory tract of the subjects after 8 dpi. While the SARS-CoV-2
challenges administered to the animal subjects do not reflect realistic human exposure, it is of a much higher dose
than one might encounter. Whether if the IM or mucosal vaccinations would adequately protect humans against in-
fection remain to be tested in future human clinical trials.

Phase 1 Clinical Trial

The first human trial of the Ad5-nCoV vaccine candidate was published by Zhu et al. in The Lancet on June 13, 2020.
It was a dose-escalation, single-centre, open-label, non-randomized, phase 1 trial, aiming to assess the safety,
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tolerability, and immunogenicity of this vaccine candidate. A total of 108 adults between the age of 18 and 60 were
selected from Wuhan, China, with no individual having previously been infected by SARS-CoV-2, as confirmed by
antibody rapid test kits, nucleic acid tests, and CT imaging to look for the presence of lung lesions. The participants
were equally allocated to three dose groups (n = 36 per group): one vial (low), two vials (middle), and three vials
(high). Each vial contained 5 x 1010 VP per 0.5 mL, and the vaccine candidate was administered as an IM injection.
Due to the lack of placebo control, all participants stayed in a designated hotel for two weeks post-vaccination to
eliminate live SARS-CoV-2 circulation and exposure as a confounding variable. Each participant self-reported adverse
events and blood samples were taken to assess binding antibody responses against the RBD and spike glycoprotein
with ELISA kits. NAb was measured using a live SARS-CoV-2 virus neutralization test. SARS-CoV-2 specific T cell
responses were quantified with an IFNy enzyme-linked immunospot (ELISpot) assay, and CD4+ and CD8+ T-cell
responses were also assessed according to the secretion of IFNy, IL-2, and TNFal0.

Within the first seven days after the vaccination, at least one adverse event was reported in 83% (30/36) of
the low and middle dose groups, and 75% (27/36) of the high dose group. The detailed incidence rates of the most
common adverse events are listed in Table 110.

Table 1. The incidence rate of local or systemic adverse events among the participants in each dose group (n = 36 per
group) who received the Ad5-nCoV vaccine candidate in phase 1 trial.

Incidence rate in the low dose Incidence rate in the middle | Incidence rate in the high dose

group dose group group

Fatigue 47% 39% 44%

Fever 42% 42% 56%

Headache 39% 31% 47%

Pain at in- 47% 56% 58%
jection site

Muscle pain 19% 8% 22%

Across the treatment groups, no significant difference in the overall number of adverse events was observed, with
most adverse reactions being mild or moderate. In total, nine participants, two each in the low and middle dose groups,
and five in the high dose group, reported a case of severe fever with an axillary temperature greater than 38.5°C.
However, these reactions occurred within 24 h post-vaccination and lasted no more than 48 h10.

Antibody response to the RBD was observed in all dose groups from day 14, with the GMT of the binding
antibodies being dose dependent. The GMTs were 1445.8, 806.0, and 615.8, in the high, middle, and low dose groups,
respectively. More than 90% of the participants in all dose groups saw at least a four-fold increase in anti-RBD anti-
bodies. NAb peaked on day 28 for all groups, and a NAb GMT of 34.0 was recorded in the high dose group, signifi-
cantly higher than the 16.2 in the middle, and the 14.5 in the low dose group. On day 28, 50% of the participants in
the low and middle dose groups, and 75% in the high dose group, had at least a four-fold increase in NAb. T cell
responses were significantly higher in the high dose group compared to that in the low dose group, but not significant
when compared to the middle dose group. On days 14 and 28, IFNy was detected from CD4+ and CD8+ T cells across
all dose groups, and on day 14, the TNFa expression from CD4+ T cells in the low dose group was significantly lower
than the other two groups10.

To the knowledge of the team who conducted the study, this published report was the first one that covers an
in-human clinical trial of a COVID-19 vaccine using adenovirus vectors. The vaccine candidate was found to be
tolerated in all three dose groups among the healthy adult participants, with most adverse events being mild or mod-
erate, and all were self-limiting. The higher reactogenicity of the high dose of 1.5 X 1011 VP was noted. The low dose
(5 x1010 VP) and middle dose (1 x 1011 VP) were selected to be further tested in the phase 2 clinical trial. The vac-
cine candidate was also able to induce humoral and T cell responses rapidly in most participants. Just a single dose of
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AD5-nCoV was able to elicit a four-fold increase in binding antibodies to RBD in 94-100% of participants, and a
four-fold increase to live SARS-CoV-2 in 50-75% of participants10.

The limits of this study were the small sample size, lack of participants from the older population, the short
follow-up period, and the lack of a randomized control. The main aim of this trial was to assess the safety, tolerability,
and immunogenicity of the vaccine candidate in humans, and the trial found that Ad5-nCoV elicited mostly mild and
moderate adverse events, while generating anti-RBD antibodies in more than 90% of the participants. These results
show that the vaccine candidate is safe and tolerable in humans, as well as being able to generate antibody responses
against SARS-CoV-2. The study also found that pre-existing immunity to Ad5 could slow down the immune responses
to SARS-CoV-2, as well as lowering the peak of responses. This needs to be further studied in further trials10.

Phase 2 Clinical Trial

The phase 2 clinical trial was also conducted by Zhu et al., and its results were published in The Lancet on August 15,
2020. This study was a placebo-controlled, randomized, double-blind trial, involving a total of 508 adult participants
from Wuhan. It aims to determine an appropriate dosage of this vaccine candidate to be used for a phase 3 efficacy
study. Exclusion criteria included previous SARS-CoV-2 infections, major chronic illnesses, and pregnant women. In
total, 253 participants were given the 1 X 1011 VP dose (middle dose), 129 participants were given the 5x 1010 VP
(low dose), and 126 participants were given the placebo, with all doses being IM injections. All laboratory techniques
(e.g., assays) for screening participants and assessing immune responses remain the same as the Phase 1 clinical trial.
Like the phase 1 trial, participants also self-reported any adverse events.

Two weeks post-vaccination, 72% (183/253) of the participants in the middle dose group and 74% (96/129)
of the participants in the low dose group reported adverse events, significantly higher than the 37% (45/126) in the
placebo group. The detailed incidence rates of the most common adverse events are listed in Table 2.

Table 2. The incidence rate of local or systemic adverse events among the participants in each dose group who re-
ceived the Ad5-nCoV vaccine candidate in phase 2 trial.

Incidence rate in the placebo Incidence rate in the low Incidence rate in the middle
group (n = 253) dose group (n= 129) dose group (n = 126)

Fatigue 17% 42% 34%

Fever 10% 16% 32%

Headache 13% 28% 29%

Pain at in- 9% 56% 57%
jection site

Muscle pain 2% 18% 15%

Joint pain 3% 10% 13%

Most adverse events were reported as either mild or moderate, with only 9% (24/253) of the participants in
the middle dose group reporting severe adverse events, much higher than the other two groups.
From day 14 and onwards, RBD-specific antibodies were detected, with GMTs of 94.5 and 85.1 in the middle and
low dose groups, respectively. This value peaked on day 28, with a GMT of 656.5 in the middle dose group and 571.0
in the low dose group. The participants in the control group showed no antibody increase from baseline. Both the
middle and low dose groups induced significant NAb response to live SARS-CoV-2, with GMTs of 19.5 and 18.3,
respectively. Seroconversion of NAb to live SARS-CoV-2 at day 28 occurred in 59% (148/253) of the participants in
the middle dose group, and 47% (61/129) of those in the low dose group. Like the phase 1 study, pre-existing immunity
to Ad5 resulted in lower RBD-specific antibody response and NAb response. Increasing age was found to be another
independent negative factor on those two metrics, with those being 55 years or older having relatively lower antibody
responses. Nonetheless, older participants in the two vaccine groups still showed higher antibody responses than those
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in the placebo group. On day 28, the vaccine candidate also induced significant S-specific IFNy-ELISPot T cell re-
sponses in 90% (227/253) of the participants in the middle dose group, and 88% (113/129) of those in the low dose
group. No such responses were detected in the placebo group.

Compared to the phase 1 study, this study benefitted from a much larger sample size, as well as improvements
like a placebo control, randomization, and double blinding. The study found that a single injection of Ad5-nCoV at
1x1011 VP or 5x 1010 VP was able to induce comparable specific immune responses to the S-protein and specific
T cell responses on day 28. It also showed that the vaccine candidate has a good safety profile, as most adverse events
were mild or moderate, and resolved within 48 h. This is consistent with the phase 1 trial. Pre-existing anti-AdS5
immunity was found to be an obstacle for this vaccine candidate, as those with this form of immunity showed a
relatively lower immune response. An additional dose might be able to overcome this.

The limitations of this study include the lack of representation of a global population (anti-Ad5 immunity
varies by region), unavailability of participant data past day 28, and the lack of SARS-CoV-2 exposure to participants
post-vaccination to assess the efficacy of this vaccine candidate. Given the results of this phase 2 trial, the researchers
determined that further testing of Ad5-nCoV should be done with a dose of 5% 1010 VP, which will take place in a
phase 3 efficacy trial. The limitations of this phase 2 trial design also emphasize the need for the phase 3 trial to be an
international, multi-centre trial.

Discussion

The technology used by the Ad5-nCoV vaccine candidate has been previously used and tested in the development of
a MERS?7 vaccine, making the positive results of its trials relatively expected. In addition, other adenovirus vector
vaccines being developed by other teams at the same time, notably the ChAdOx1 nCov-19 by the University of Ox-
ford, have also seen positive results in their animal and human trials. Adenovirus vectors are the most commonly used
vectors in gene therapies and are also the most common vector used for vaccines. There are at least 57 different types
of adenovirus vectors (Ad1-Ad57) in humans, and most people have been infected with one or more types, with these
infections being asymptomatic or mild in individuals with normal immune systems. Type 5 adenovirus, like the one
used in Ad5-nCoV, is among the most common types of adenovirus. It is usually acquired during childhood and leads
to upper respiratory tract infections. Most modified adenovirus vectors are AdSs, which in the case of vaccines, are
made replication-defective. This is done through the deletion of the E1A and E1B genes of Ad5.Replication-defective
AdS vectors have been previously used in a tuberculosis vaccine trial, with promising results. The AdS vector used in
that trial, named AdHu5Ag5A, was found to boost CD4+ and CD8+ T cell immunity in volunteers previously immun-
ized with the Bacille Calmette-Guerin (BCG) vaccines.

From the human trials, it can be seen that Ad5-nCoV does indeed have a strong safety profile, with self-
limiting adverse events. However, in its phase 1 trial, only 50% of the participants in the low and middle dose groups
— the two doses that continued onto phase 2 trials, experienced a four-fold increase in NAb response in phase 1 triall0.
The low proportion of NAb responses is further demonstrated in the phase 2 trial, as only 59% and 47% of the partic-
ipants in the middle and low dose groups, respectively, had a seroconversion of NAb to live SARS-CoV-2 at day
2823. While other metrics, such as RBD-specific antibody response and T cell responses do seem adequate for this
vaccine candidate in both human trials, the lower response in terms of NAb should be noted.

The design of the phase 2 study of this vaccine candidate is a major improvement from the phase 1 study. It
should be expected that the phase 3 study of this vaccine candidate will make further improvement from the phase 2
design, notably including a larger and more ethnically and geographically diverse sample size by conducting the trial
in multiple countries outside China. Another limitation is that only one trial was conducted for each stage (animal,
phase 1, and phase 2), thus, the vaccine candidate can benefit from several repeated trials of the same stage with
different sample populations. However, given the urgency of COVID-19, it is unlikely that will be conducted, as even
the phase 2 trial began before the completion of the data analysis of phase 1 trial23. This may be resolved in its phase
3 trials, as CanSino Biologics has announced that phase 3 trials will be conducted in several different countries,
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including Pakistan and Russia. However, it remains unclear as of now whether the trials in different countries will be
published separately, in different original research articles. Since Ad5-nCoV has displayed a strong safety profile, its
phase 3 studies should be focused on the effectiveness of the vaccine candidate on a global population, while paying
close attention to the induced NAb responses and the effect of pre-existing anti-AdS immunity on immune responses.

Conclusion

The results from the animal trial of Ad5-nCoV show that the vaccine candidate is capable of producing a strong
immune response in the mice and ferret subjects, as well as offer them protection from a high dose of IN SARS-CoV-
2 challenge. The phase 1 and 2 human trials showed that the vaccine is tolerable and has an adequate safety profile in
humans, as well as inducing capable RBD-specific antibody response and T cell response, while the NAb response
and seroconversion being less adequate. The data published in the phase 2 trial supports the continued assessment of
Ad5-nCoV at a dose of 5x 10 VP in the phase 3 clinical trial.

The results from the animal and clinical trials of Ad5-nCoV show that it is a viable vaccine candidate to be
used against COVID-19 and its efficacy should be determined a in large-scale phase 3 trial. Future phase 3 trials
should focus on assessing NADb response and seroconversion due to weaker data on that metric in phase 1 and 2 trials.
Ad5-nCoV can also greatly benefit from an international, multi-centre trial, as all trials published as of August 20,
2020, have been conducted within China. A large-scale international trial can assess the tolerability and efficacy of
the vaccine candidate on different ethnic populations, as well as gather more data on the impact of pre-existing anti-
AdS5 immunity.
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