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ABSTRACT

Two serologically distinct chimpanzee-origin, replication-defective adenovirus (AdC) vectors
expressing the spike (S) protein of an early severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) isolate were generated and tested for induction of antibodies in young and aged
mice. Both vectors induced S protein-specific antibodies including neutralizing antibodies.
Levels of antibodies increased after a boost. The effectiveness of the boost depended on vector
dose and timing between the two immunizations. Using two heterologous AdC vectors was
more effective than vaccinating with the same vector repeatedly. Antibodies partially cross-
reacted between different S protein variants. Cross-reactivity increased after booster
immunization with vectors carrying the same S gene, expression of two different S proteins by
the AdC vectors used for the prime and the boost did not selectively increase responses against

the variants.

INTRODUCTION

The global COVID-19 pandemic caused by SARS-CoV-2 killed millions of people worldwide.
After the virus was first identified and sequenced at the beginning of 2020"2 vaccines were
developed rapidly and entered clinical trials a few months later and within less than one year
after onset of the pandemic several gained emergency approval. Those that became first
available in the US or Europe are based on mRNA vaccines®* or replication-defective

)*® or chimpanzee’ serotypes. Additionally

adenovirus (Ad) vectors derived from human (HAdV
inactivated SARS-CoV-2 vaccines were generated and used in South America, Asia, and
Africa.®® All recombinant COVID-19 vaccines used for mass vaccination thus far express the S
protein of an early isolate. The S protein binds to the viral receptor, i.e., angiotensin-converting
enzyme 2 (ACE2), and is the target for virus neutralizing antibodies (VNAs),' which were

shown to protect against infection."
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COVID-19 vaccines based on two doses of mMRNA are highly efficacious and protect >90% of
vaccine recipients.'"'2 The efficacy of the Ad vector vaccines varies; the one dose J&J vaccine
shows 67% protection against disease,' the chimpanzee-derived Ad (AdC) vaccine from
AstraZeneca that uses the same vector twice has an efficacy of 76%'* while the two dose
Sputnik V vaccine that primes with one human serotype Ad vector and then boosts with a

serologically distinct Ad vector is as efficacious as the mRNA vaccines.?

Although the SARS-CoV-2 vaccines are highly efficacious, they primarily prevent disease rather
than infection and protection declines after a few months.'2° A boost at 6 months after the
initial immunization with one of the most commonly used vaccine prototype, i.e., the mRNA
vaccines, increases VNA titers albeit only temporarily potentially necessitating another boost as
soon as 4 months later.2! Although an additional boost was shown to restore protection,
antibody titers failed to exceed those after the 3™ boost.?? Confounding the problem of short-live
immunity after COVID-19 vaccination has been the emergence of more transmissible viral
variants that partially escape the vaccine-induced immune responses including those after 4

doses of the mRNA vaccines.??2°

Limited pre-clinical studies were conducted with the COVID vaccines to optimize immune
responses regarding potency and longevity by testing different vaccine doses, varying timing
between the prime and the boost or systematically exploring the use of heterologous vaccine
platforms. The short-lived efficacy of the most used COVID-19 vaccines is of concern; it is not
feasible to vaccinate the human population every 4 to 6 months. Additional studies to develop
second generation vaccines or vaccine regimens, which induce more sustained protective

immunity are needed.

Here we describe pre-clinical results with two serologically distinct AdC vectors expressing the
S protein of an early SARS-CoV-2 isolate. Our results show that the vaccines induce S protein-
specific antibodies including VNAs in young and aged mice. Antibody responses increase after
a boost and are then maintained at stable levels for at least 5 months. The magnitude of the
booster response depends on vaccine dose and interval between the two immunizations and is
enhanced by using heterologous vectors. VNAs generated by a single vaccine dose show
limited responses to the S protein of viral variants; cross-reactivity increases after a boost.
Vaccinating mice sequentially with two AdC vectors expressing either the S protein of the early
SARS-CoV-2 isolate, or a version in which the receptor binding domain (RBD) had been

mutated to resemble the South African variant followed by a boost with an AdC vector
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expressing the early S protein only marginally improves cross-reactivity of VNAs to additional

viral variants.
RESULTS
Generation and testing of AdC-S vaccine vectors

We developed E1-deleted AAC6 (SAdV-23) and AdC7 (SAdV-24) vectors expressing the S
protein of an early SARS-CoV-2 isolate from Sweden called SARS-CoV-2/human/SWE/01/2020
(AdC-Sswe, GenBank number: QIC53204). In addition, we generated an AdC6 vector
expressing the same S protein in which the RBD sequence was modified to incorporate the
E484K and N501Y mutations of the B1.351 South African variant (AdC6-Sswe/s1.351). Vectors
were produced with the help of available molecular Ad clones? and upon expansion,
purification, titration and passing quality control assays they were tested for protein expression
upon transfection of HEK-293 cells. As shown in Suppl. Fig. 1A both types of AdC vectors

express a protein of the expected size that binds the anti-S protein antibody.

Generation and testing of vesicular stomatitis virus (VSV) vectors pseudotyped with the
S protein of SARS-CoV-2

To allow for testing of VNAs we developed several green fluorescent protein (GFP)-expressing
VSV vectors that were pseudotyped with S protein of SARS-CoV2 (VSV-S).?” One carries the
same S protein as the vaccine vectors (VSV-Sswe). In a second the Sswe sequence was
modified to incorporate the E484K and N501Y RBD mutations of the B1.351 South African
variant (VSV-Sswe1.351). Others express either the S protein with N501Y and P681H RBD
mutations present in the B1.1.7 UK variant (VSV-Sswess1.1.7), or L452R and D614G mutations of
the Indian B.1.617.2 delta variant (VSV-S swess.1.617.2).

To establish a neutralization assay with the VSV-S vectors, we tested 3 different cell lines
including the commonly used VeroE6 cell line but decided on baby hamster kidney (BHK)-
21/WI-2 cells, as they gave more consistent results. BHK-21/WI-2 cells express the ACE2
receptors that is used by SARS-CoV2 for cell entry as was shown by immunofluorescent
staining and flow cytometry (Suppl. Fig. 1B). VSV-Sswe virus transfection of BHK-21/WI-2 cells
is prevented by human antibodies from individuals, who experienced a SARS-CoV-2 infection
but not by antibodies from sera of noninfected human controls (Suppl. Fig. 1C). It is also

neutralized by sera from S protein-immune but not naive mice (Suppl. Fig. 1D).


https://doi.org/10.1101/2022.02.23.481620

bioRxiv preprint doi: https://doi.org/10.1101/2022.02.23.481620; this version posted February 24, 2022. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission.

Antibody responses to different doses of AdC-S vectors

Groups of outbread ICR mice (5/group) were immunized with 10°, 10", or 5 x 10" virus
particles (vp) of the AdC6-Sswe and AdC7-Sswe vectors. Mice that received the lowest vector
dose were boosted 4 weeks after the prime; the other mice were boosted 6 weeks after the
prime. All mice were boosted with heterologous AdC vectors given at the same doses that had
been used for priming. Mice were bled 2 and or 4 weeks after the prime and 2 weeks after the
boost. Mice that received the 1 x 10'° vp doses were kept for an additional 5 months and bled at
3 and 5 months after the boost (19 and 27 weeks after the prime) to determine duration of
antibody responses (Fig. 1A). Sera from individual mice were tested by an enzyme-linked
immunosorbance assay (ELISA) on a mixture of commercially available S1 and S2 proteins of
SARS-CoV-2. By 2 weeks after the prime mice in the high dose group developed detectable S
protein-specific antibodies while by 4 weeks all animals but for one mouse in the low dose
AdC6-Sswe group seroconverted (Fig.1B). Response magnitude was dose dependant.
Responses significantly increased by 2 weeks after the boost in most groups (Fig 1C).
Antibodies as tested for the 10'"° vp vaccine groups were maintained at stable levels for at least
5 months after the boost. Antibody isotypes were tested using pooled sera from different time
points at a 1:100 dilution. Responses were dominated by antibodies of IgG2 isotypes indicative

of the T helper cell type 1 response (Fig. 1D).

Some sera from the same mice were tested for neutralization of SARS-CoV-2 virus (Figure 2A).
Sera from mice immunized with 1 x 10" or 5 x 10'° vp of the AdC vectors were analyzed by a
surrogate neutralization assay that tests sera for inhibition of binding of human ACE2 to S
protein’s RBD? (Fig. 2B). All mice developed RBD-specific antibodies by week 10, which were

maintained without significant declines through week 27.

Sera were in addition tested in a neutralization assay with the VSV-Sswe vector. After the boost
all mice but for one in the low dose AdC6-Sswe group developed VNAs with geometric mean
(GM) titers ranging from 1:80 in the low dose AdC6-Sswe prime group to 1:840 in the
intermediate dose AdC7-Sswe prime group (Fig. 2C,D).

Responses to different AdC-S vaccine regimens

We used different intervals between the prime and boost and explored the sequential use of
homologous vs. heterologous AdC-Sswe vectors. For these experiments 3 groups of 5 ICR mice

were tested (Fig. 3A). The 1 group was primed with 2 x 10 vp of AdC6-S swe. Mice were
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boosted 2 weeks later with the same dose of AdC7-Sswe. The 2™ group received the same
vaccines at the same dose and in the same order but the boost was delayed till week 8. The 3"
group was primed with 2 x 10" vp of AdC7-Sswe and then boosted 8 weeks later with the same
AdC7-Sswe vector used at the same dose. Mice were bled periodically and antibody titers to S
protein were determined by ELISA. As shown in Fig. 3B the early boost and the boost with the
the homologous AdC vector only resulted in transient increases in S protein binding antibodies
(Figure 1B). Even more pronounced differences were obtained with the neutralization assay
(Fig. 3C), which showed that the early boost increased antibody titers 8-fold by week 10 (8
weeks after the boost), which then rapidly contracted. The homologous boost only achieved a 4-
fold transient increase in VNA titers while the heterologous boost given 8 weeks after priming
resulted by week 10 in an ~8-fold increase and then by week 15 in a 26-fold increase. The less
potent recall response of the homologous prime boost was most likely caused by Ad-specific
VNAs that developed after the prime against the homologous but not the heterologous AdC
vector and which had reached a GM titer of 870 at the time of the homologous boost (data not

shown).
Responses in young and aged mice

We conducted an experiment in young (6-8 weeks of age, n = 5) and aged (1-2 years of age, n
= 7) C57BI/6 mice. Mice were immunized with a low dose of 2 x 10° vp of the AdC7-Sswe vector
and boosted 6 weeks later with 2 x 10° vp of the AdC6-Sswe vector (Fig. 4A). Naive young (n =
3) and aged (n = 2) mice were used as controls. Sera of individual mice were tested 2 weeks
after the boost by an ELISA (Fig. 4B) and a VSV-Sswe virus neutralization assay (Fig. 4C).
Antibody responses tested by the S protein ELISA or the VNA assay tended to be higher in
young mice although this did not to reach significance. All of the young mice developed VNAs

while 2 out of 7 aged mice failed to respond.
Cross-reactivity of vaccine-induced VNAs to SARS-CoV-2 variants

To test if the AAC-S vaccines induce antibodies that cross-neutralize viral variants we selected
sera from ICR mice that had been immunized once or twice with AdC-Sswe vectors and had
shown positive neutralizition of the VSV-Sswe vectors, and tested them for cross-reactivity with
VSV vectors pseudotyped with different versions of S protein carrying RBD mutations found in
viral variants of concern. A total of 61 or 22 sera harvested after priming (Fig. 5A) or boosting

(Fig. 5B), respectively, were tested for cross-reactivity against VSV-Sswes1.351 and VSV-
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Sswes1.1.7wWhile 18 or 10 sera, respectively, were tested against VSV-Sswess.1617.2. After priming,
VNA titers were lower against VSV-Sswess.1.1.7 and VSV-Sswess.1.6.17.2 than against VSV-Sswe and
the latter difference reached significance. After the boost VNA titers became comparable. Sera
with higher titers were, as expected, more cross-reactive than those with low titers. Accordingly,
after priming antibody titers to Sswe showed significant positive correlations to those against
Sswess.1.1.7 and Sswess.1.6.17.2 and after the boost significance extended to correlations between
Sswe and Sswess1.351. A direct comparison of titers may not be valid as S protein-pseudotyped
VSV vectors may exhibit differences in their sensitivity to antibody-mediated neutralization that
could relate to factors other than the S protein sequences. We therefore also compared rates of
responsiveness. All sera neutralize VSV-Sswe. Response rates against the variants were
markedly lower after a single immunization: 20%, 40%, and 60% of sera failed to neutralize
VSV-Sswem.3s1, VSV-Sswer.1.1.7, or VSV-Sswess.1.617.2, respectively. Reactivity markedly increased

after the boost when ~80% of sera showed broad cross-reactivity (Fig. 5C,D).

To assess if we could increase cross-reactivity by using a prime boost regimen with vectors
expressing two different S proteins we prime 10 mice either with 10'° vp of AdC6-Sswe or AdC6-
Sswe/B.351 vectors. Mice were boosted 6 weeks later with 10" vp of AdC7-Sswe vector and sera
were tested 2 weeks later for neutralization of the different VSV-S vectors. Although there was a
trend for higher VNA titers towards the VSV-Sswess.1.1.7 and VSV-Sswess.1.6.17.2 vectors upon
sequential immunization with Ad vectors expressing two different S proteins, differences were

subtle and failed to reach significance.
DISCUSSION

In a remarkable feat of scientific ingenuity, vaccines were developed within weeks after SARS-
CoV-2 was identified as the etiological agent of COVID-19. This was facilitated by earlier
outbreaks with related viruses such as SARS-CoV-1 in 2002-20042°*° or Middle East respiratory
syndrome-related coronavirus (MERS-CoV), which appeared in 2012 in Saudi Arabia and has
been circulating at low levels ever since.®' Experimental vaccines had been developed and
tested pre-clinically against these coronaviruses®=* and provided blueprints for the COVID-19

vaccines based on mRNAs or Ad vectors.

Protective immunity induced by mRNA vaccination against COVID-19 is short lived.'®2"3 As
this was also observed in a previous trial testing an mRNA vaccine against rabies virus®® the

rapid waning of protective immunity most likely relates to the vaccine platform rather than the
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disease application. The short-lived duration of mMRNA vaccine-induced protection contrasts with
that achieved by other viral vaccines based on attenuated viruses such as the those against
smallpox or yellow fever virus, subunit vaccines such as the hepatitis B virus vaccine, or virus
like particle vaccines such as the HPV vaccines, which in general provide protection for at least
5-10 years.>= The lifespan of an antibody secreting plasma cell and the magnitude of the
memory B cell response is dictated by several factors including strength of B cell receptor
signaling, which in part is driven by receptor cross-linking, presence of T help and the type of
the inflammatory milieu that is elicited by a pathogen or a vaccine.*® COVID-19 mRNA vaccines
were shown to result in germinal center-driven maturation of B cells*' but nevertheless induce
mainly short-lived rather than long-lived plasma cells.*? In animal models Ad vectors were
shown to induce germinal center B cells*® and very sustained plasma and memory B cell
responses.** Preliminary data indicate that this may translates into more sustained protection
against COVID-19.4%46

MRNA vaccines have other disadvantages over Ad vector vaccines. mRNA vaccines are in
general safe but rare serious adverse events in form of anaphylactic reactions or myocarditis
have been reported.*”*® They are heat labile and must be stored at around -80°C and they are
costly. Ad vector vaccines are heat stable and can be stored at 4°C.*® They are relatively
inexpensive, which further facilitates their use in low-income countries. In general, Ad vectors
are well tolerated although rare cases of potentially fatal cerebral venous sinus thrombosis
(CVST) with thrombocytopenia have been linked to the J&J and AstraZeneca COVID-19

vaccines but not to the Sputnik V vaccine.?%®'

One clear disadvantage of Ad vector vaccines is that immune responses to the transgene

52-54 gych antibodies can be

product are dampened by pre-existing VNAs to the vaccine carrier.
induced by natural infections and consequently prevalence rates of VNAs to HAdV5 are globally
high while VNAs to HAdV26 are common in humans residing in Africa.>? A single immunization
with an Ad vector vaccine likely induces more modest levels of Ad-specific VNAs due to lower
antigenic loads although repeated vaccination with the same Ad vectors is expected to gradually
increase titers so that they will reach those seen after a natural infection. One clinical study with
an HAdV5-based COVID vaccine from CanSino Biologicals monitored induction of Ad vector-
specific VNAs and, as expected, showed that they increased after vaccination. The same study
reported an albeit insignificant inverse correlation between VNA titers to the HAdV5 vector and

COVID S protein-specific antibody responses.®® VNAs to the vaccine vectors will likely pose
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limitations to repeated booster immunization using the same Ad vector by not only reducing, but

also, as we reported previously, modifying transgene product-specific immune responses.®

To avoid interference by Ad vector-specific VNAs, we developed a vaccine regimen composed
of two serologically distinct E1-deleted AdC vectors. We selected AdC vectors as pre-existing
VNAs to these chimpanzee viruses are rare in humans and individuals who have VNAs in
general have low titers.** We developed two serologically distinct AdC vectors to prevent
blunting of booster immunizations by VNAs induced by the AdC vector used for priming. The
two AdC vectors express the S protein of an isolate from Sweden, which is identical to that of
the original Wuhan virus. We did not codon-optimize the S sequence, nor did we incorporate the
K986P and V987P stabilizing mutations into the S2 sequence which both were used for the S
gene expressed by the RNA vaccines,® mutations of the S1/S2 furin cleavage site which, in
addition to the stabilizing mutations, were incorporated into the S gene carried by the J&J
COVID-19 vaccine,®® or AstraZeneca’s engineered leader sequence.®® Phase Il trial results of
the different Ad vector vaccines fail to indicate that any of these modifications have a major

impact on vaccine efficacy.

In our study, as expected, the magnitude of S protein-specific antibody responses after a single
immunization increased with higher vaccine doses. This pattern changed after boosting, where
the highest dose performed poorly. Timing of boosting seems to affect the magnitude of the
recall response as was reported for both the AstraZeneca and J&J vaccines.®®®! There were no
significant differences between responses induced by the AdC6-S or AdC7-S vectors although
after two immunizations the AdC7/AdC6 regimen tended to outperform the AdC6/AdC7
regimen. In our study a short interval of 2 weeks between two vaccine doses resulted only in
marginal increases in antibody titers as compared to a longer interval of 8 weeks. We assume,
but this must be investigated in more depth, that the optimal interval between repeated
immunizations may depend on the vector dose used for priming with lower doses allowing for
shorter intervals and may well exceed 8 weeks for higher doses.®? Repeated use of the same
vector also reduces the effectiveness of the booster immunization, which is likely caused by Ad
vector specific VNAs, which reduce transduction rates and thereby expression levels of the
transgene product. Again, we assume that the inhibitory effect of Ad vector-specific VNAs will
depend on pre-existing memory and vector dose, which both affect the magnitude of the
response, as well as on timing of the booster immunization with longer intervals being
advantageous by allowing for a decline in Ad vector-specific antibody titers. Alternatively,

inhibition by Ad vector specific VNAs can be circumvented by using heterologous vectors for
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prime boosting such as in the Sputnik V vaccine or our pre-clinical vaccines or by changing
vaccine platforms. In our study the importance of a boost was stressed by the relative lack of
cross-reactivity of antibodies generated after a single immunization against S proteins with RBD

mutations present in key variants such as the delta variant.

It is unlikely that SARS-CoV-2 will ever be eradicated. This will necessitate periodic booster
immunizations and additional investments into 2" generation vaccines that achieve more
sustained immunity and preferentially not only protection against symptomatic disease but also
against infections. Booster immunizations with available Ad vector vaccine will over time
become less and less effective due to the induction of vector neutralizing antibodies. This could

be addressed using alterative Ad serotypes such as those described here.
CONCLUSION

Two serologically distinct AdC vectors expressing S of an early SARS-CoV-2 isolate induce
robust and sustained antibody responses upon prime-boosting that cross-neutralize viral
variants. Additional work is needed test different doses and time intervals between prime

boosting to further optimize this vaccine regimen.
MATERIAL AND METHODS

Cell lines. HEK 293 cells and VeroE®6 cells were grown in Dulbecco’s Modified Eagles medium
(DMEM) supplemented with 10% fetal bovine serum (FBS) and antibiotics in a 5% CO-
incubator. BHK-21/WI-2 cells were grown in DMEM supplemented with 5% FBS and antibiotics
at 5% CO2.

Expression of ACE-2. Cells diluted to 1 x 10° per microtiter plate well were incubated for 45
min at room temperature with a 1 in 100 dilution of a mouse IgG2a antibody to human/hamster
ACE-2 (clone 171606 R&D Systems, Minneapolis, MN). After washing, cells were incubated for
45 min with an FITC-labeled goat-anti mouse IgG and a live cell stain. After washing, cells were

analyzed by flow cytometry.

Generation of and quality control AdC-S vectors. The cDNA sequence for S swe of SARS-
CoV-2 was obtained from the laboratory of Dr. Elledge, Massachusetts General Hospital,
Boston, MA (GenBank: QIC53204.1). Sequencing revealed a frame-shift mutation that was

corrected by site-directed mutagenesis. The corrected S gene was cloned into a shuttle vector

10
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and from there into the viral molecular clones of AdC6 and AdC7. Viral vectors were rescued,
expanded, and purified on HEK 293 cells as described.?® Viral DNA was isolated and tested by
restriction enzyme digest for presence and integrity of the inserts. Viral titers were determined
by spectrophotometry. Yields for AdC6-S and AdC7-S were 1.4 x 10" and 2.5 x 10"
respectively upon expansion in 2 x 10 HEK293 cell. Genetic stability was determined by

restriction enzyme digest of purified viral DNA after 12 sequential passages of the vectors.

To allow for rapid exchange of the RBD sequence we inserted an Agel site into position 1640 of
the S gene which changes the nucleotide but not the amino acid sequence of S. The variant
RDB sequences including flanking regions and convenient restriction enzyme sites were
synthesized (Genscript Biotech, Piscataway, NJ) and cloned into the Sswe gene using restriction
enzymes BsrGl which cuts at base pair 1104 and Age1 of the Sg1.351 sequence and BseGl and

Nhel, which cuts at base pair 2015 of the Sg1.17and Sg.1617.2 SEqUENCES.

Generation of VSV-S vectors. VSV pseudotyped with S of SARS-CoV-2 were generated in
BHK-21/WI-2 cells using a the AG-GFP (G*AG-GFP) rVSV kit (Kerafast, Boston, MA, USA) and
S sequences cloned into an expression plasmid under the control of the CMV promoter as
described previously.®® BHK-21/WI-2 cells were plated into a 6 well plate, the next day cells
were first transfected with 1 pg/well of the paT7 plasmids using polyethyleneimine (PEI)
(Polysciences, Inc. Warrington, PA); 2 hours later, the cells were treated with a predetermined
optimal amount of AG-GFP (G*AG-GFP) rVSV. After a 24-hr incubation at 37°C in a 5% CO-

incubator, supernatants were harvested, aliquoted, and stored at -80 °C.

Protein expression. The AdC-S vectors were tested for protein expression upon transfection of
HEK 293 cells with 1000 vp of the vectors for 48 hr at 37°C. Cells were lysed in RIPA buffer
supplemented with a 1% pl protease inhibitor (Santa Cruz Biotechnology Inc., Dallas, TX). A 15
ul of lysate was resolved on 12% SDS-PAGE and transferred to a polyvinylidene difluoride
(PVDF) membrane (Merck Millipore, Burlington, MA). The membrane was blocked in 5%
powder milk overnight in 4°C. The primary antibody to S diluted to 1:1000 in saline (clone
ABM19C9, Abenomics, San Diego, CA) was added for 1 hr at room temperature. Membranes
were washed with 1X TBS-T prior to incubating with HRP-conjugated goat anti-rabbit secondary
IgG (ab6721, Abcam, Cambridge UK) for 1 hr at room temperature. In parallel the membrane
was probed with a mouse monoclonal IgG antibody to R-actin (Sc-47778, Santa Cruz
Biotechnology, Dallas, TX) as a loading control for 1 hr at room temperature. The loading

control antibody was probed with HRP-conjugated goat anti-mouse secondary IgG

11
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(SAB3701047, Sigma, St. Louis, MO) for 1 hr at room temperature. Membranes were washed 3
times with 1X TBS-T. The developing agent Super Signal West Pico Chemiluminescent
(Thermo Fisher Scientific, Waltham, MA) was added. Membranes were shaken in the dark for 5

min, dried and developed.

Mice and mouse procedures. Female C57BI/6 mice (6—8 weeks of age) were purchased from
the Jackson Laboratories (Bar Harbor, ME). Outbred 6—8-week-old female ICR mice were
obtained from Taconic Biosciences (New York, NY). Mice were housed at the Wistar Institute
Animal Facility. All mouse procedures followed approved protocols. Mice were vaccinated
intramuscularly (i.m.) with the AdC vectors diluted in 200 pl of sterile saline. Mice were bled from
the saphenous vein and blood was collected into 4% sodium carbonate and Liebowitz’s-15 (L-
15) medium. Serum was isolated 30 min later upon a 10 min centrifugation of tubes at 14000

rpm.

ELISA. Sera from individual mice were tested for S-specific antibodies by ELISA on plates
coated overnight with 100 ul of a mixture of S1 and S2 (Native Antigen Company, Kidlington,
UK) each diluted to 1 pg/ml in bicarbonate buffer. The next day plates were washed and
blocked for 24 hr at 4°C with 150 pl of a 3% BSA-PBS solution. Sera were diluted in 3%BSA-
PBS and 80ul of the dilutions were added to the wells after the blocking solution had been
discarded. Plates were incubated at room temperature for 1 hr and then washed 4 x with 150 pl
of PBS. An alkaline-phosphate-conjugated goat anti-mouse 1gG antibody (Sigma-Aldrich, St
Louis, MO) diluted to 1:1500 in 3%BAS-PBS was added at 60 pl/well for 1 hr at room
temperature. Plates were washed 4 times and substrate composed of phosphatase substrate
tables (Sigma-Aldrich, St Louis, MO) diluted in 5 ml of diethanolamine buffer per tablet was
added. Plates were read in an ELISA reader at 405 nm. Coated wells only receiving the
substrate served to determine background. Background data were subtracted from the

experimental data.

VNA assay with VSV-S. VSV-S vectors was initially titrated on BHK-21/WI-2 cells. The cells
were diluted to 4 x 10° cells/ml in DMEM with 5%FBS and 5 ul were of the cell dilution was
added to each wells of Terasaki plates. The next day serial dilutions of VSV-S vectors were
added to duplicate wells. The following day numbers of fluorescent cells/well were counted with
a fluorescent microscope (Suppl. Fig. 1D). For the neutralization assay a dose of VSV that

infected ~40-60 cells/well was selected.
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For the neutralization assay, BHK-21/WI-2 cells were plated into Terasaki plate wells as
described above. The following day, sera were serially diluted in DMEM with 5% FBS and then
incubated with VSV-S diluted in the same medium for 90 min at room temperature under gentle
agitation starting with a serum dilution of 1 in 40 or 1 in 100. 5yl aliquots of the mixtures were
transferred onto BHK-21/WI-2 within the Terasaki plate wells. Each serum dilution was tested in
duplicates, an additional 4-6 wells were treated with VSV-S that had been incubated with
medium rather than serum. Plates were incubated for 24-48 hr and then numbers of fluorescent
cells were counted. Titers were set as the last serum dilution reduced numbers of green-

fluorescent cells by at least 50%.

The COV-PosSet-S from RayBiotech (Peachtree Corners, GA), which contains 20 human
samples from individuals that recovered from COVID-19 or from uninfected individuals was

used to validate the neutralization assay.

ACE binding inhibition assay. Sera were tested for inhibition of ACE binding to the RBD of S
by the Anti-SARS-CoV-2 Neutralizing Antibody Titer Serologic Assay Kit from Acro Biosystems
(Newark, DE) following the manufacturer’s instructions. A positive standard with a known

concentration provided by the kit was used to extrapolated anti-S antibody concentrations in ug

in the mouse sera.

ACKNOWLEDGEMENTS

This work was funded by grants from The G. Harold and Leila Y. Mathers Charitable
Foundation, the Commonwealth of Pennsylvania, and the Wistar Science Discovery Fund. MH
was the recipient from the Fellowship from Janssen Scientific Affairs. Support for

Shared Resources utilized in this study was provided by Cancer Center Support Grant (CCSG)
P30CA010815 to The Wistar Institute.

CONFLICT OF INTEREST

HCJE holds equity in Virion Therapeutics. She serves as a Consultant to several Gene Therapy

companies and the Gamaleya Institute.

13


https://doi.org/10.1101/2022.02.23.481620

bioRxiv preprint doi: https://doi.org/10.1101/2022.02.23.481620; this version posted February 24, 2022. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission.

REFERENCES

1. Li Q, Guan X, Wu P, et al. Early Transmission Dynamics in Wuhan, China, of Novel Coronavirus—
Infected Pneumonia. N Engl J Med 2020;382:1199-1207.

2.  LuR,Zhao X, LiJ, et al. Genomic characterisation and epidemiology of 2019 novel coronavirus:
implications for virus origins and receptor binding. Lancet 2020;395:565-574.

3.  Corbett KS, Edwards DK, Leist SR, et al. SARS-CoV-2 mRNA vaccine design enabled by prototype
pathogen preparedness. Nature 2020;586:567-571.

4.  Walsh EE, Frenck RW, Falsey AR, et al. Safety and Immunogenicity of Two RNA-Based Covid-19
Vaccine Candidates. N Engl J Med 2020;383:2439-2450.

5. Sadoff J, Le Gars M, Shukarev G, et al. Interim results of a Phase 1-2a Trial of Ad26.COV2.S COVID-
19 Vaccine. N Engl J Med 2021;384:1824-1835.

6. Logunov DY, Dolzhikova IV, Shcheblyakov DV, et al. Safety and efficacy of an rAd26 and rAd5
vector-based heterologous prime-boost COVID-19 vaccine: an interim analysis of a randomised
controlled phase 3 trial in Russia. Lancet 2021;397:671-681.

7.  Folegatti PM, Ewer KJ, Aley PK, et al. Safety and immunogenicity of the ChAdOx1 nCoV-19 vaccine
against SARS-CoV-2: a preliminary report of a phase 1/2, single-blind, randomised controlled trial.
Lancet 2020;396:467-478.

8. Palacios R, Patifo EG, de Oliveira Piorelli R, et al. Double-blind, randomized, placebo-controlled
Phase Il Clinical Trial to evaluate the efficacy and safety of treating healthcare professionals with
the adsorbed COVID-19 (inactivated) vaccine manufactured by Sinovac — PROFISCOV: A structured
summary of a study protocol for a randomised controlled trial. Trials 2020;21:853.

9. Xia§, Zhangy, Wang, et al. Safety and immunogenicity of an inactivated SARS-CoV-2 vaccine,
BBIBP-CorV: a randomised, double-blind, placebo-controlled, phase 1/2 trial. Lancet Infect Dis
2021;21:39-51.

10. Hoffmann M, Kleine-Weber H, Schroeder S, et al. SARS-CoV-2 cell entry depends on ACE2 and
TMPRSS2 and is blocked by a clinically proven protease inhibitor. Cell 2020;181:271-280.€8.

11. Baden LR, El Sahly HM, Essink B, et al. Efficacy and safety of the mRNA-1273 SARS-CoV-2 vaccine. N
Engl ) Med 2021;384:403-416.

12. Polack FP, Thomas SJ, Kitchin N, et al. Safety and efficacy of the BNT162b2 mRNA Covid-19 vaccine.
N Engl J Med 2020;383:2603—-2615.

13. Sadoff J, Gray G, Vandebosch A, et al. Safety and efficacy of single-dose Ad26.COV2.S vaccine
against Covid-19. N Engl J Med 2021;NEJM0a2101544.

14


https://doi.org/10.1101/2022.02.23.481620

bioRxiv preprint doi: https://doi.org/10.1101/2022.02.23.481620; this version posted February 24, 2022. The copyright holder for this preprint

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

(which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission.

Emary KRW, Golubchik T, Aley PK, et al. Efficacy of ChAdOx1 nCoV-19 (AZD1222) vaccine against
SARS-CoV-2 variant of concern 202012/01 (B.1.1.7): an exploratory analysis of a randomised
controlled trial. Lancet 2021;397:1351-1362.

Bar-On YM, Goldberg Y, Mandel M, et al. Protection of BNT162b2 vaccine booster against Covid-19
in Israel. N Engl J Med 2021;385:1393-1400.

Chemaitelly H, Tang P, Hasan MR, et al. Waning of BNT162b2 Vaccine Protection against SARS-
CoV-2 Infection in Qatar. N Engl ) Med 2021;NEJMo0a2114114.

Naaber P, Tserel L, Kangro K, et al. Dynamics of antibody response to BNT162b2 vaccine after six
months: a longitudinal prospective study. Lancet Reg Health Eur 2021;100208.

Pegu A, O’Connell SE, Schmidt SD, et al. Durability of mRNA-1273 vaccine—induced antibodies
against SARS-CoV-2 variants. Science 2021;373:1372-1377.

Tartof SY, Slezak JM, Fischer H, et al. Effectiveness of mRNA BNT162b2 COVID-19 vaccine up to 6
months in a large integrated health system in the USA: a retrospective cohort study. Lancet
2021;S0140-6736(21)02183-8.

Thomas SJ, Moreira ED, Kitchin N, et al. Safety and Efficacy of the BNT162b2 mRNA Covid-19
Vaccine through 6 Months. N Engl J Med 2021;NEJM0a2110345.

Thompson MG, Natarajan K, Irving SA, et al. Effectiveness of a third dose of mRNA vaccines against
COVID-19-associated emergency department and urgent care encounters and hospitalizations
among adults during periods of delta and omicron variant predominance - VISION Network, 10
States, August 2021-January 2022. MMWR Morb Mortal Wkly Rep 2022;71:139-145.

Regev-Yochay G, Gonen T, Gilboa M, et al. 4th dose COVID mRNA vaccines’ immunogenicity &
efficacy against Omicron VOC. Preprint. Infectious Diseases (except HIV/AIDS). Epub ahead of print
February 15, 2022. DOI: 10.1101/2022.02.15.22270948.

Singh J, Rahman SA, Ehtesham NZ, et al. SARS-CoV-2 variants of concern are emerging in India. Nat
Med 2021;27:1131-1133.

Rahimi F, Talebi Bezmin Abadi A. Omicron: A highly transmissible SARS-CoV-2 variant. Gene
Reports 2022;27:101549.

Shah M, Woo HG. Omicron: A Heavily Mutated SARS-CoV-2 Variant Exhibits Stronger Binding to
ACE2 and Potently Escapes Approved COVID-19 Therapeutic Antibodies. Front Immunol
2021;12:830527.

Zhou D, Zhou X, Bian A, et al. An efficient method of directly cloning chimpanzee adenovirus as a
vaccine vector. Nat Protoc 2010;5:1775-1785.

Nie J, Li Q, Wu J, et al. Quantification of SARS-CoV-2 neutralizing antibody by a pseudotyped virus-
based assay. Nat Protoc 2020;15:3699-3715.

15


https://doi.org/10.1101/2022.02.23.481620

bioRxiv preprint doi: https://doi.org/10.1101/2022.02.23.481620; this version posted February 24, 2022. The copyright holder for this preprint

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

(which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission.

Abe KT, Li Z, Samson R, et al. A simple protein-based surrogate neutralization assay for SARS-CoV-
2. JCl Insight 2020;5:e142362.

Drosten C, Giinther S, Preiser W, et al. Identification of a novel coronavirus in patients with severe
acute respiratory syndrome. N Engl J Med 2003;348:1967-1976.

Zhong NS, Zheng BJ, Li YM, et al. Epidemiology and cause of severe acute respiratory syndrome
(SARS) in Guangdong, People’s Republic of China, in February, 2003. Lancet 2003;362:1353-1358.

Zaki AM, van Boheemen S, Bestebroer TM, et al. Isolation of a novel coronavirus from a man with
pneumonia in Saudi Arabia. N Engl J Med 2012;367:1814-1820.

Gao W, Tamin A, Soloff A, et al. Effects of a SARS-associated coronavirus vaccine in monkeys.
Lancet 2003;362:1895-1896.

Kim E, Okada K, Kenniston T, et al. Inmunogenicity of an adenoviral-based Middle East Respiratory
Syndrome coronavirus vaccine in BALB/c mice. Vaccine 2014;32:5975-5982.

Kobinger GP, Figueredo JM, Rowe T, et al. Adenovirus-based vaccine prevents pneumonia in
ferrets challenged with the SARS coronavirus and stimulates robust immune responses in
macaques. Vaccine 2007;25:5220-5231.

Ferdinands JM, Rao S, Dixon BE, et al. Waning 2-Dose and 3-Dose effectiveness of mRNA vaccines
against COVID-19—-associated emergency department and urgent care encounters and
hospitalizations among adults during periods of Delta and Omicron variant predominance —
VISION Network, 10 States, August 2021-January 2022. MMWR Morb Mortal Wkly Rep
2022;71:255-263.

Alberer M, Gnad-Vogt U, Hong HS, et al. Safety and immunogenicity of a mRNA rabies vaccine in
healthy adults: an open-label, non-randomised, prospective, first-in-human phase 1 clinical trial.
Lancet 2017;390:1511-1520.

Gotuzzo E, Yactayo S, Cordova E. Efficacy and duration of immunity after yellow fever vaccination:
systematic review on the need for a booster every 10 years. Am J Trop Med Hyg 2013;89:434-444.

Kjaer SK, Nygard M, Dillner J, et al. A 12-Year Follow-up on the Long-Term Effectiveness of the
Quadrivalent Human Papillomavirus Vaccine in 4 Nordic Countries. Clin Infect Dis 2018;66:339—

345.

Taub DD, Ershler WB, Janowski M, et al. Immunity from Smallpox Vaccine Persists for Decades: A
Longitudinal Study. Am J Med 2008;121:1058-1064.

Amanna lJ, Slifka MK. Mechanisms that determine plasma cell lifespan and the duration of
humoral immunity: Long-term antibody production. Immunological Reviews 2010;236:125-138.

Kim W, Zhou JQ, Horvath SC, et al. Germinal centre-driven maturation of B cell response to mRNA
vaccination. Nature . Epub ahead of print February 15, 2022. DOI: 10.1038/s41586-022-04527-1.

16


https://doi.org/10.1101/2022.02.23.481620

bioRxiv preprint doi: https://doi.org/10.1101/2022.02.23.481620; this version posted February 24, 2022. The copyright holder for this preprint

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

(which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission.

Giannotta G, Giannotta N. mRNA COVID-19 vaccines and long-lived plasma cells: a complicated
relationship. Vaccines 2021;9:1503.

Wang C, Hart M, Chui C, et al. Germinal Center B Cell and T Follicular Helper Cell Responses to Viral
Vector and Protein-in-Adjuvant Vaccines. JI 2016;197:1242-1251.

Xiang ZQ, Greenberg L, Ertl HC, et al. Protection of non-human primates against rabies with an
adenovirus recombinant vaccine. Virology 2014;450-451:243-249.

Pouwels KB, Pritchard E, Matthews PC, et al. Effect of Delta variant on viral burden and vaccine
effectiveness against new SARS-CoV-2 infections in the UK. Nat Med 2021;27:2127-2135.

Barouch DH, Stephenson KE, Sadoff J, et al. Durable Humoral and Cellular Immune Responses 8
Months after Ad26.COV2.S Vaccination. N Engl J Med 2021;385:951-953.

Banerji A, Wickner PG, Saff R, et al. mRNA vaccines to prevent COVID-19 disease and reported
allergic reactions: current evidence and suggested approach. J Allergy Clin Immunol In Pract
2021;9:1423-1437.

Gargano JW, Wallace M, Hadler SC, et al. Use of mRNA COVID-19 vaccine after reports of
myocarditis among vaccine recipients: update from the advisory committee on immunization
practices — United States, June 2021. MMWR Morb Mortal Wkly Rep 2021;70:977-982.

Das MK. COVID-19 vaccine and the cold chain implications for global adoption. Indian J Public
Health 2021;65:307-310.

Scully M, Singh D, Lown R, et al. Pathologic Antibodies to Platelet Factor 4 after ChAdOx1 nCoV-19
Vaccination. N Engl J Med 2021;384:2202-2211.

See |, Su JR, Lale A, et al. US Case Reports of Cerebral Venous Sinus Thrombosis With
Thrombocytopenia After Ad26.COV2.S Vaccination, March 2 to April 21, 2021. JAMA
2021;325:2448-2456.

Chen H, Xiang ZQ, Li Y, et al. Adenovirus-based vaccines: comparison of vectors from three species
of adenoviridae. J Virol 2010;84:10522-10532.

Fausther-Bovendo H, Kobinger GP. Pre-existing immunity against Ad vectors: Humoral, cellular,
and innate response, what’s important? Human Vaccin Immunother 2014;10:2875-2884.

Papp Z, Babiuk LA, Baca-Estrada ME. The effect of pre-existing adenovirus-specific immunity on
immune responses induced by recombinant adenovirus expressing glycoprotein D of bovine
herpesvirus type 1. Vaccine 1999;17:933-943.

Hernandez-Bello J, Morales-Nufez JJ, Machado-Sulbaran AC, et al. Neutralizing antibodies against

SARS-CoV-2, anti-Ad5 antibodies, and reactogenicity in response to Ad5-nCoV (CanSino Biologics)
vaccine in individuals with and without prior SARS-CoV-2. Vaccines 2021;9:1047.

17


https://doi.org/10.1101/2022.02.23.481620

bioRxiv preprint doi: https://doi.org/10.1101/2022.02.23.481620; this version posted February 24, 2022. The copyright holder for this preprint

56.

57.

58.

59.

60.

61.

62.

(which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission.

Tuyishime S, Haut LH, Kurupati RK, et al. Correlates of Protection Against SIVmac251 Infection in
Rhesus Macaques Immunized With Chimpanzee-Derived Adenovirus Vectors. EBioMedicine
2018;31:25-35.

Heinz FX, Stiasny K. Distinguishing features of current COVID-19 vaccines: knowns and unknowns
of antigen presentation and modes of action. npj Vaccines 2021;6:104.

Bos R, Rutten L, van der Lubbe JEM, et al. Ad26 vector-based COVID-19 vaccine encoding a
prefusion-stabilized SARS-CoV-2 Spike immunogen induces potent humoral and cellular immune
responses. npj Vaccines 2020;5:91.

Watanabe Y, Mendonga L, Allen ER, et al. Native-like SARS-CoV-2 Spike Glycoprotein Expressed by
ChAdOx1 nCoV-19/AZD1222 Vaccine. ACS Cent Sci 2021;7:594-602.

Voysey M, Costa Clemens SA, Madhi SA, et al. Single-dose administration and the influence of the
timing of the booster dose on immunogenicity and efficacy of ChAdOx1 nCoV-19 (AZD1222)
vaccine: a pooled analysis of four randomised trials. Lancet 2021;397:881-891.

CNBC J&J covid vaccine booster shot is 94 percent effective when given at two months Available
from: https://www.cnbc.com/2021/09/21/jj-covid-vaccine-booster-shot-is-94percent-effective-

when-given-at-two-months.html. 2021.

Capone S, Brown A, Hartnell F, et al. Optimising T cell (re)boosting strategies for adenoviral and
modified vaccinia Ankara vaccine regimens in humans. npj Vaccines 2020;5:94.

18


https://doi.org/10.1101/2022.02.23.481620

1 x 10° vp AdC prime/boost

ICR @wk@&
mice ‘ ‘ ‘ ‘ B
AdCS6, wk 2 AdC7, wk 2 AdC6, wk 4
1 x 10" yp AdC prime/boost 4 4 4
= = = — =
|QR ] 6 wks g 3 é 3 é 3 ° é
mice i @ Y Y @
‘ é ¢ ‘ é é o g2 e 20 = g2 e
8 £ 8 8
5 x 10'° vp AdC prime/boost - o 2 2 24 2
. 3 2 3 3
ICR 6 wks 0
mice A
‘ ‘ ‘ ‘ ‘ Vector dose (vp) Vector dose (vp) Vector dose (vp)
Weeks after 0 2 4 6 8
prime
C 1x10%vp 1x10%vp 1x 10" vp 1x 10 vp 5x 10" vp 5x 10" vp
15 AdCB/AAC7 | AJCT/AdCE 5. AdCE/ICT 5. AJCTICE 15 . AdCEICT 15 . ACT7/CB
—_ shee
%o
2" 8 = 10 s10{ g
Qe — 9 °
< s o I 5
0 Low [o] E 0
«\*Q &*bs*%

Weeks after prime

Weeks after prime

1 x 100 vp AdC6/AdC7

Weeks after prime

Weeks after prime

1x 10'% vp AdC7/AdC6

Weeks after prime

Weeks after prime

AAdsorbance (Mean + SEM)

Weeks after prime

<}

s

®

+ 0.8

C

3 06
7 IgM :| A = 1 IgM
. (G ] 2 8 04 B gG1 }
IgG2a:|* } g IgGZa% }
[ |gezbﬂ 802 B IgG2b }
= 1gG3 F 3 oo O 1gG3 |

N
&
Weeks after prime

Fig. 1. Antibody responses to different doses of the AdC-S vectors. [A] Experimental
outline. The drops indicate bleeds. [B] Optical density reading for the ELISA testing sera at a
1:100 dilution from individual mice at 2 and 4 weeks after the initial immunization. Background
data without sera were subtracted. Bars indicate geometric means (GM). Data were analyzed
by One-way Anova with Tukey’s multiple correction. In this and subsequent graphs lines with
stars above indicate significant differences. (*) P value between 0.01-0.05, (**) p-value between
0.001-0.01, (***) p-value between 0.0001-0.001, (****) p-value < 0.0001. [C] Antibody titers as
shown as area under the curve of the background corrected OD reading of serially diluted sera.
Differences between groups were analyzed by one-way Anova [D] Antibody isotypes of sera
harvested at different times from mice primed with 10'"° vp of the AdC6-Sswe or the AdC7-Sswe
vectors. For the image corrected OD values (after subtraction of background data) are stacked.
Significant differences calculated by 2-way ANOVA with Tukey’s correction are shown at the

side next to the legends.

EN

w

L)

AdC7, wk 4

Vector dose (vp)


https://doi.org/10.1101/2022.02.23.481620

VNA titer (GM)
2 2

N
A

1 x 10° vp AdC prime/boost

A

o

ICR @{wks/i/
mice % |
6 6 6 O é
1 x 10'% vp AdC prime/boost
|C_R g 6 wks @9
mice I
6 6 6 O é 6 o
5 x 100 vp AdC prime/boost 19 27
iR 6 wks /‘
mice |
1
6 6 6 O é
Weeks after 2 4 6 10
prime

1 x 10° vp AdC6/C7 1 x 10° vp AdC7/C6

N
o
&

M)
2

N
o

w

o

mﬂ

VNA titer (G

-
o
)

S A

-
o

S 4 X & O K
O «*\“Q\* SIS, &*y

Weeks after prime Weeks after prime

N
o
&

M)
2

VNA titer (G

=
o
w

N
o
Y

N
o

Antibodies pg/ml (GM)
2 2

N
=

ACEZ2-RBD binding inhibition assay

T— 10 .
— = -
ee0 o g 1 (<]
. E .
()]
X:) o0 = 1024
[}
(0]
©| loo| poq |o ko]
o
C
<
10°
'\‘\e N R (R R
'\Q '\Q \Q \Q
Q0 A Q?S‘.
& Q\‘:\
Weeks after prime, Weeks after prime,
vector dose vector dose

VSV-S vector neutralization assay

1x10'° vp AdC6/C7

b*“‘.*\**&é“

Weeks after prime

VNA titer (GM)
5 3 3 3

=
=

1 x 10" vp AdC7/C6

ok
dkk
Kk

h

miw

N
o
)

S 10t

VNA titer (GM)
2 2

N
=

5x 1070 vp AdC6/C7 5x 10'% vp AdC7/C6

v )
N N -
o o o
w EN )

VNA titer (G
2

mmﬂﬂ

N
o

O A x o O
M S

Weeks after prime

[-X-}
o0 [ ]
mlTlm
Q KN O A4 > o O
> & ge ge W~ T O

Weeks after prime Weeks after prime

Fig. 2. VNA responses to different dose of the AdC-S vectors. [A] Experimental outline. [B]
Titers of antibody that inhibit ACE2 binding to the RBD domain of the S protein are shown for

individual mice as pg of antibodies/ml calculated based on a standard. Negative data were set

at 10 All samples tested after immunization had significantly higher levels of antibodies

compared to sera from naive mice as determined by multiple Mann-Whitney tests. [C] VNA

titers to SARS-CoV-2 were tested with a Sswe pseudotyped VSV vector. Titers are shown as

circles for each mouse; bars show GMs. Negative data were set at 10. represent the serum

dilution that achieved = 50% inhibition of infection. Sera were tested starting at a 1:40 dilution.

Significant differences were calculated by 2-way ANOVA with Tukey’s multiple comparison test.
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Fig. 5. Cross-reactivity of AdC-Sswe induced VNAs. Sera harvested after priming [A] or
boosting [B] of ICR mice that had initially scored positive for neutralization of the VSV-Sswe
vectors were retested in parallel on this vector and on VSV-Sg1.351, VSV-Sg1.17 and VSV-Sg 16172
vectors. [A, B] VNA titers in individual mice with bars indicating GMs. Negative responses were
set at 10. Differences were calculated by one-way ANOVA [C] Percentages of sera that
neutralized the different variants. [D] Heatmaps show levels of neutralization of the variants by
individual sera. [E] Spearman correlations between titers against the immunizing variant VSV-
Sswe and the other variants. [E] Experimental design for the results shown in F and G. [F]
Antibody titers that neutralized the different VSV-S vectors in individual mice tested 2 weeks
after boosting. Boxes indicate GMs. There were no significant differences between the groups

as determined by multiple Wilcoxon tests. [F] Heatmap shows levels of neutralization of the

variants by individual sera.
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Supplemental Fig. 1. [A] Expression of the S protein by the AdC6-Sswe, ADC7-Sswe and AdC6-
Sswess1.351 vectors tested by Western blots of cells infected with the vectors or Ad vectors
expressing an unrelated transgene product (N or HBV) as controls. MW — molecular weight
marker. [B] Flow blots of the indicated cells after they were stained with an FITC-labeled
antibody to ACE2 (filled grey) or an isotype control (bold black line) antibody. [C] Results of a
neutralization assay using a panel of commercially available human SARS-CoV-2 immune or
naive sera and the VSVswe vector on BHK21/WI-2 cells. [D] Fluorescent staining of VSV-Sswe
transduced BHK21/WI-2 cells. Immune and naive human sera were tested at 1:100 and 1:1000
dilutions while mouse sera were tested at a 1:100 dilution. Wells that received VSV-Sswe served

as controls.
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