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ABSTRACT
Although most Coronavirus disease (COVID-19) patients can recover fully, the
disease remains a significant cause of morbidity and mortality. In addition to the
consequences of acute infection, a proportion of the population experiences
long-term adverse effects associated with SARS-CoV-2. Therefore, it is still critical to
comprehend the virus’s characteristics and how it interacts with its host to develop
effective drugs and vaccines against COVID-19. SARS-CoV-2 pseudovirus, a
replication-deficient recombinant glycoprotein chimeric viral particle, enables
investigations of highly pathogenic viruses to be conducted without the constraint of
high-level biosafety facilities, considerably advancing virology and being extensively
employed in the study of SARS-CoV-2. This review summarizes three methods of
establishing SARS-CoV-2 pseudovirus and current knowledge in vaccine
development, neutralizing antibody research, and antiviral drug screening, as well as
recent progress in virus entry mechanism and susceptible cell screening. We also
discuss the potential advantages and disadvantages.
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INTRODUCTION
As of March 10, 2023, there were 759 million confirmed cases of COVID-19, of which
10–20% will experience mid- to long-term-post effects that are dominated by fatigue,
dyspnea, cognitive impairment, and psychological effects (WHO Coronavirus (COVID-19)
Dashboard, 2022), defined as Persistent Post-COVID Syndrome (PPCS) (Oronsky et al.,
2023). The pathogen responsible for COVID-19 is SARS-CoV-2 (Lu et al., 2020), an
enveloped virus with the structural proteins spike (S), envelope (E), membrane (M), and
nucleocapsid (N) (Jackson et al., 2021). The S protein is the key to the virus infection
(Chen, Liu & Guo, 2020). The S protein is composed of two functional subunits: S1 and S2.
S1 contains the Receptor-Binding domain (RBD), which is responsible for the binding of
the virus to angiotensin-converting enzyme (ACE2) on the host cell surface, and S2
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promotes the fusion of virus outer membrane and cell membrane (Chan et al., 2020).
Moreover, some protease cleavage sites on the S protein interact with cell membrane
surface proteases, such as serine proteases (TMPRSS2), Cathepsins, etc., and promote virus
invasion (Soleimani, 2020; Hoffmann et al., 2020) (The process of SARS-CoV-2 entering
cells is shown in Fig. 1.). As a highly pathogenic virus, studies of SARS-CoV-2 must be
conducted in the biosafety level (BSL) three laboratory, limiting the development of
anti-viral research. To address this issue, pseudoviruses encapsulated with S protein are
designed to replace the wild SARS-CoV-2, facilitating the study.

The S protein encasing viral nucleic acids from other sources makes up the recombinant
particle known as SARS-CoV-2 pseudovirus (Nie et al., 2020), whose surface proteins share
a high degree of structural similarity with natural viral proteins. Thus, it still has
immunogenicity and can efficiently mediate viral entry into host cells, genes within the
pseudovirus are usually defective, but they can replicate in susceptible host cells only for
one round, meaning a low level of pathogenicity (Li et al., 2018). Additionally, compared to
live viruses, reporter genes are typically incorporated into pseudoviruses, making it
considerably simpler to do quantitative and qualitative analysis. Therefore, SARS-CoV-2
pseudoviruses can replace highly pathogenic wild-type viruses in BSL2 laboratories, where

Figure 1 The process of SARS-CoV-2 entry into the cell. There are two hypotheses for this process: (A)
If TMPRS2 is not present on the cell membrane, SARS-CoV-2 enters the host cell by the endocytic
pathway, forms phagocytic vesicles, cleaves of S2 by cathepsin L, and mediates membrane fusion,
releasing viral RNA into the cytoplasm (Nadeem et al., 2020). (B) The S1 subunit of the S protein binds to
ACE2 to trigger TMPRSS2 to cleave the S2 subunit, resulting in SARS-CoV-2 membrane fusion with the
cell occurs and release of viral particles as intracellular (Jackson et al., 2021). Figure modified from Servier
Medical Art (http://smart.servier.com/), CC BY 3.0. Full-size DOI: 10.7717/peerj.16234/fig-1
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they are widely used for drug screening and the development of vaccines. Additionally,
in vitro investigations using a pseudovirus have also yielded information about the virus’s
entry method into host cells.

In this review, we investigate the research on SARS-CoV-2 pseudovirus and describe its
three construction methods and current applications. In particular, we focus on the
methods to optimize the production and discoveries in COVID-19 vaccine monitoring,
antibody and drug development, and host cell range. The purpose is to provide references
for the application of SARS-CoV-2 pseudovirus in the study of COVID-19 pathogenesis
and the search for the most effective prevention and treatment methods.

SURVEY METHODOLOGY
A large number of documents (including clinical trials and reviews) on PubMed through
the Internet were searched-which were then categorized and read meticulously. The key
words are “SARS-CoV-2”, “SARS-CoV-2 pseudovirus”, “packaging system” and
“application of pseudovirus”. The first aspect of the inclusion criteria is that the article has
complete structure and sufficient materials, and the other is that it contains retrieval
keywords.

Construction of SARS-CoV-2 pseudoviruses
Classification of SARS-CoV-2 pseudovirus packaging systems
The vesicular stomatitis virus (VSV) packaging system, the human immunodeficiency
virus (HIV-1) lentivirus packaging system, and murine leukemia viral (MLV) retrovirus
packaging system are the most extensively utilized packaging methods for SARS-CoV-2
pseudovirus. The main difference between them lies in the different sources of core
genomic RNA.

The backbone of the VSV pseudovirus packaging system is provided by the
replication-deficient VSV pseudovirus (G�ΔG-VSV), which contains a luciferase or
fluorescent protein reporter motif but lacks the vesicular stomatitis virus glycoprotein
(VSV-G) gene (Nie et al., 2020, p. 2). The construction of rVSV-SARS-CoV-2 pseudovirus
is a very complex process, as shown in Fig. 2A, where recombinant poxvirus (Vtf7-3)
infects juvenile hamster kidney (BHK-21) cells, expresses T7 RNA polymerase, which is
used to direct the transcription of the full-length VSV genome from the T7-pVSV-reporter
expression plasmid RNA and expresses four VSV proteins (N, P, G, L) (Pattnaik et al.,
1992). In the presence of N, P, and L proteins, the T7-pVSV-reporter expression plasmid
can replicate and amplify (Pattnaik & Wertz, 1990; Stillman, Rose & Whitt, 1995), and the
G protein is expressed on the cell membrane and wrapped around the nucleocapsid to
form an envelope with the outgrowth of pVSV-ΔG, which is named G�ΔG-rVSV (Schnell
et al., 1996). The rVSV-SARS-CoV-2 pseudovirus can be obtained by infecting 293T cells
that express S protein on the cell membrane after G�ΔG-rVSV transfection with the S
expression plasmid (Schmidt et al., 2020). This method may leave some VSV residues,
which can be removed by anti-VSV-G antibodies (Almahboub et al., 2020). 293T cells are
co-transfected with two, three, or four plasmids to create the HIV-1 pseudovirus packaging
system. As shown in Fig. 2B, 293T cells are co-transfected with an envelope plasmid
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expressing the S protein and an HIV-1 backbone plasmid lacking the gene encoding the
HIV envelope glycoprotein env but containing a fluorescent reporter gene to form a dual
plasmid system (Yang et al., 2020). The three-plasmid system divides the backbone
plasmid into a packaging plasmid expressing gag and pol and a transfer plasmid
containing the HIV reverse transcriptase gene, the cis-regulatory element required for
integration, and the reporter gene (Crawford et al., 2020). A four-plasmid packaging
system, further dividing the packaging plasmid into two plasmids which express gag-pol
and rev, dramatically reduces the production of replicable virus and improves safety, but
also loses a portion of the viral packaging titer (Dull et al., 1998). MLV-SARS-CoV-2-S
pseudovirus is made by co-transfecting 293T cells with the MLV Gag-pol packaging
vector, the MLV transfer vector expressing the reporter gene, and the S protein-encoding
plasmid, and the packaging process, is shown in Fig. 2C (Giroglou et al., 2004).

Construction of relatively high titer SARS-CoV-2 pseudovirus
In general, the yield of SARS-CoV-2 pseudoviruses is lower than their actual requirements
and can increase by modification of the S protein. Johnson et al. (2020) found that deletion
of the last 19 amino acids of the cytoplasmic tail of the S protein, D614G and R682Q
mutations all enhanced SARS-CoV-2 pseudotyped HIV-1 particle production and did not
affect the neutralization ability against serum-neutralizing antibodies. Wang et al. (2023b)
also reported that deletion of the furan site on the S protein gene increased the
pseudovirus’s yield and infection efficiency. SARS-CoV-2 pseudotyped VSV particles with

Figure 2 Acquisition methods for SARS-CoV-2 pseudovirus based on three diûerent packaging
systems. (A) VSV packaging system. (B) HIV-1 packaging system. (C) MLV packaging system. Fig-
ure modified from Servier Medical Art (http://smart.servier.com/), CC BY 3.0.

Full-size DOI: 10.7717/peerj.16234/fig-2

Tan et al. (2023), PeerJ, DOI 10.7717/peerj.16234 4/17

http://smart.servier.com/
http://dx.doi.org/10.7717/peerj.16234/fig-2
http://dx.doi.org/10.7717/peerj.16234
https://peerj.com/


G614 S protein mutation have higher titer than the corresponding D614 pseudovirus
(Korber et al., 2020).

Other pseudo-SARS-CoV-2 system
Besides the three packaging systems described above, researchers also constructed other
pseudovirus systems. Construction of SARS-CoV-2 cDNA fragment in vitro, in which the
N domain gene was replaced by GFP reporter gene, produced the RNA transcript of GFP/
Δ N genome. In addition, the N domain gene was transduced by lentivirus to construct
Caco-2 cells stably expressing the N gene (Caco-2-N). GFP/Δ N genome was injected into
Caco-2-N cells to produce SARS-CoV-2-GFP/Δ N trVLP. Due to the lack of the N gene in
the trVLP genome, only Caco-2-N cells can obtain virus replication and complete the life
cycle of pseudo-SARS-CoV-2 (Ju et al., 2021; Zhang et al., 2022). Ma et al. (2022).
constructed rSARS-CoV-2 using the split-virus-genome system. The full-length SARS-
CoV-2 cDNA was divided into three parts: ORF1ab gene, S protein gene, and all the
remaining structural genes carrying the reporter gene, and cloned into three plasmids
respectively. These three plasmids were co-transfected with 293T cells to construct rSARS-
CoV-2.

SARS-COV-2 PSEUDOVIRUS FOR STUDYING VIRUS-HOST
INTERACTIONS
SARS-CoV-2 pseudovirus contains reporter genes that are easy to analyze qualitatively,
and the membrane proteins can be altered by gene editing techniques so that investigating
the role of these proteins in virus-host interactions can be studied.

SARS-CoV-2 pseudovirus employed to study the virus invasion
mechanisms
The entry of SARS-CoV-2 pseudoviruses into cells can be easily observed by inserting a
reporter gene into the S protein pellet. Ma et al. (2021) used a lentivirus packaging
technology with a green cell membrane fluorescent probe, Dio, to label the viral envelope
and a viral core genome carrying the red fluorescent protein mCherry to create a
dual-color SARS-CoV-2 pseudovirus. mCherry and DiO co-localization signals indicated a
single virus. Fluorescence imaging enables real-time tracking of cell infection by at the
single particle level. mCherry and DiO separation shows that the virus core is released
from the envelope into the host cell’s cytoplasm and is used to track how the pseudovirus
penetrates four human respiratory cells. Their research unequivocally shows that
endocytosis is the primary mechanism by which the pseudovirus enters host cells (Ma
et al., 2021). The pseudoviruses and cells treated with gene editing technology or drugs can
explore the mechanisms by which targets on host cells interact with SARS-CoV-2 to aid
viral entry. The entrance of SARS-CoV-2 into 293T cells expressing hACE2 needed
cathepsin L, according to research by Ou et al. (2020) using pseudovirus and cathepsin
inhibitor-treated cells. Using gene editing cells and immunofluorescence labeling, Zhou
et al. (2022) discovered that SARS-CoV-2 pseudovirus infection was linked to endocytosis,
which uses Arf6-dependent CD147 endocytosis to enter host cell. Moon et al. (2023) used
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dual-reporter pseudovirus, HEK293T-ACE2, and HEK293T-ACE2-TMPRSS2 cells to
verify that TMPRSS2-mediated membrane fusion plays a vital role in the SARS-CoV-2
infection process. Li et al. (2023) found that protein arginine methyltransferase 5 (PRMT5)
plays a crucial role in infected cells. SARS-CoV-2 pseudovirus showed low infectivity
towards their construct of PRMT5 knockdown A549 cells, and the infection rate of it was
positively correlated with the amount of PRMT5 protein expressed by the host cells (Li
et al., 2023).

SARS-CoV-2 pseudovirus for studying cellular susceptibility
SARS-CoV-2 pseudoviruses packaged with S proteins can mimic the process by which
natural viruses bind to S protein cellular receptors to enter target cells (Ke et al., 2020).Ma
et al. (2021) found the infection efficiency of four distinct respiratory cells to SARS-CoV-2
pseudovirus differed significantly, while VSV-G pseudovirus as a control group did not
differ significantly. The reason was that SARS-CoV-2 infection effectiveness on host cells is
closely related to the expression of ACE2 receptors on the cells, suggesting that the specific
recognition of the receptor by the virus determines the susceptibility of different cells (Ma
et al., 2021).Wang et al. (2022b) examined the ability of 27 mutant pseudoviruses to infect
20 Hela cells of animal origin, and they found that most mutations favor infection of
domestic animals by the virus, and in particular, the T478I and N501Y mutations have
been shown to infect chicken and mouse cells. The revelation that mutations in the S gene
alter the host range and infectivity of SARS-CoV-2 provides a new perspective for the
preventing and controlling COVID-19 outbreak (Wang et al., 2022a). Yi et al. (2020)
applied pseudoviruses to study the virus’s susceptibility to brain cells. They found that
SARS-CoV-2 readily entered ACE2-expressing neuronal somatic cells (Yi et al., 2020),
suggesting that specific mature neural progenitor cells expressing ACE2 in the brain, such
as choroid plexus epithelial cells, exhibit strong susceptibility to SARS-CoV-2 pseudovirus
(Pellegrini et al., 2020). Chen et al. (2023b) observed that the pseudovirus could infect
supporting and mesenchymal cells of hACE transgenic mice in vitro and cause severe
pathological changes in the germinal tubules in mice in vivo.

PSEUDOVIRUS-BASED NEUTRALIZATION ASSAY
The pseudovirus-based neutralization assay (PBNA) can simulate SARS-CoV-2
neutralization assays by constructing pseudoviruses with S protein. These pseudoviruses
contain reporter genes that express a fluorescent signal only when they infect cells.
The degree of signal reduction is positively correlated with the neutralizing antibody titer,
and the neutralizing effect of the antibody can be determined by measuring the decrease in
reporter gene expression. Nie et al. (2020) constructed pseudoviruses with VSV as the
backbone to establish the PBNA, and validated the method in vaccine evaluation and
antibody screening with good reproducibility and specificity. Tolah et al. (2021)
demonstrated the method’s reliability for detecting neutralizing antibodies with PBNA
compared to live virus micro-neutralization assays with a sensitivity of 85.94% and
specificity of 100%. Thus, the PBNAmethod is easier to perform, more objective, sensitive,
and more accurate than the live virus neutralization test assay. Because the SARS-CoV-2

Tan et al. (2023), PeerJ, DOI 10.7717/peerj.16234 6/17

http://dx.doi.org/10.7717/peerj.16234
https://peerj.com/


variant pseudovirus is more readily available: it can be constructed by simply replacing the
Spike protein expression plasmid (the Spike coding sequence of the variant), which has a
substantial positive effect on the development of vaccines and antibody therapeutics.

SARS-CoV-2 pseudovirus employed to study the virus invasion
mechanisms
The immunological effect of the COVID-19 vaccine is assessed by collecting vaccine
immune sera for neutralization tests with SARS-CoV-2 to detect neutralizing antibody
potency. The virus neutralization assay, which involves natural viruses, remains the gold
standard for determining the immunological effects of COVID-19 vaccines. However, this
method is not widely used in laboratory conditions, and the source of the virus limits it.
Because of the advantages of more readily available and safer wide-type (WT) and variant
pseudoviruses, collection of human or animal sera after vaccine immunization with SARS-
CoV-2 pseudovirus for neutralization inhibition tests is more valuable to assess the
antiviral efficacy of the vaccine. Table 1 summarizes the immune efficacy of four vaccines,
BNT162b2 and Ad26. COV2-S, mRNA-1273, and CoronaVac against multiple SARS-
CoV-2 variations. In general, the emergence of variations, especially omicron, reduces the
neutralizing efficacy of the vaccines. Researchers have proposed booster vaccination in
response to the rapidly mutating viruses and are working to develop new vaccines. Barros-
Martins et al. (2021) applied this method to detect that heterologous ChAd/BNT was
effective in inducing higher titers of neutralizing antibodies against B.1.1.7, P.1, and
B.1.351 variant pseudoviruses compared to the ChAd/ChAd homologous group;
Mahasirimongkol et al. (2022) detected neutralizing activity of antibodies against WT,
Alpha, and Beta, Delta mutant pseudoviruses in sera following CoronaVac/ChAd
heterologous inoculation. Jin et al. (2023) found that the heterologous aerosolized Ad5-
nCoV improved the neutralization efficacy against BA.4/5 pseudovirus compared to
three-does CoronaVac homologous boosting. PBNA against SARS-CoV-2 WT and
variations are widely used to evaluate the viral neutralization efficacy of improved and new
vaccines. For example, the rVSV vaccine expressing Delta-S protein and influenza matrix
protein (M2e) (Ao et al., 2022), bacterial vector vaccine carrying S protein receptor binding
domain gene (Zhou et al., 2023), and multi-epitope vaccine equipped with S and non-S
surface protein targets (Wang et al., 2023a). The improvement method of vaccine is
generally to find the Optimizing adjuvant. The immune sera of vaccine with Aluminum
salts (Alum)-3M-052 as adjuvant showed higher antibody neutralization efficiency against
both B.1. 617.2 and B.2. 12.1 pseudoviruses (Huang et al., 2023), and the RBD subunit
vaccine assisted by QS21 + 3-O-desacyl-4′-monophosphoryl lipid A obtained stronger the
anti-Delta andWT pseudovirus infection ability (Shi et al., 2023). It is also necessary to test
the efficacy of COVID-19 vaccine in special populations. PBNA showed that vaccination
can obtain anti-SARS-CoV-2 neutralizing antibody for special populations, such as
patients with kidney failure, gastrointestinal cancer receiving systemic anti-cancer therapy
and inborn errors of immunity, but it is usually weaker than ordinary people, so it is
necessary to strengthen immunity (Lau et al., 2022; Erra et al., 2023; Ling et al., 2023).
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The role of PBNA in the evaluation of therapeutic antibodies
PBNA has also been used to assess the in vitro efficacy of therapeutic monoclonal
antibodies against WT SARS-CoV-2 and variants. The pseudovirus allowed the screening
of antibodies with neutralizing effects and evaluated the antibodies’ effectiveness and their
sites of action. PBNA analysis showed that the nanobody C5G2 synthesized by Zhao et al.
(2022) could protect cells from infection by WT SARS-CoV-2 and VOCs, except for the
Delta variant. LS-BB2z, a multivalent nanobody constructed by lumazine protein
nanobody binding platform and monovalent nanobody, has enhanced the monovalent
nanobody’s ability to neutralize the pseudovirus (Lu et al., 2023). A genetically encoded
photosensitizer SOPP3 enhanced the neutralization efficacy of antibodies against S
proteins and was effective against WT SARS-CoV-2, Delta, and Omicron variants
(Yao et al., 2023). In addition, PBNA has also been used to locate specific mutations of
variants that affect the neutralizing effect of antibodies to provide insight into the
mechanisms of antibody resistance. In Wu et al.’s (2021b) study, 12 single deconvolution
mutants based on the variations and the top five epidemic SARS-CoV-2 variants in the UK
were tested using PBNA to determine the relative neutralization titers. They discovered
that the N501Y, N439K, and S477N mutations dramatically reduced specific monoclonal
antibodies’ ability to neutralize but had no appreciable impact on the power of
convalescent sera and sera-induced by vaccination to neutralize. Wang et al. (2021b)
established to evaluate all single mutant variations of the B.1.1.7 and B.1.351 mutants
based on VSV-based SARS-CoV-2 pseudoviruses, a total of 18 mutant pseudoviruses to
efficacy their effects on monoclonal antibody therapy and vaccine efficacy. It is shown that
most monoclonal antibodies directed against the spike protein’s N-terminal domain

Table 1 Using PBNA to detect the influence of SARS-CoV-2 variants of concern (VOCs) on the effectiveness of four vaccines.

Vaccine WHO EUL
holder

Sample
size

Days post
second vaccine
dose

Reference
strain

B.1.1.7 P.1 B.1.351 B.1.617.2 B.1.1.529 References

BNT162b2 Pfizer/
BioNTech

32 19–32d WT NA NA 6.7-fold
decreases

2.2-fold
decreases

22.8-fold
decreases

Muik et al. (2022)

26 26d D614G 1.3-fold
decreases

NA 3.2-fold
decreases

2.2-fold
decreases

28.6-fold
decreases

Evans et al. (2022)

30 7–32d WT 2.1-fold
decreases

6.7-fold
decreases

34.5-fold
decreases

NA NA Tang et al. (2022)

Ad26.
COV2-S

Janssen 20 30d WT NA NA 12.6-fold
increases

5.97-fold
increases

12.6-fold
increases

Liu et al. (2022)

mRNA-
1273

Moderna 7 14d D614G NA NA 8.9-fold
decreases

NA 35.1-fold
decreases

Wu et al. (2021a)

8 7d D614G 1.2-fold
decreases

3.2-fold
decreases

6.9-fold
decreases

2.7-fold
decreases

NA Barouch et al.
(2021), p. 19

CoronaVac Sinovac 20 14d WT 2.9-fold
increases

4.3-fold
increases

5.5-fold
increases

3.4-fold
increases

12.5-fold
increases

Wang et al.
(2022a)

Note:
WT, wild type (Wuhan strain); D614G, virus Spike protein acquired the D614Gmutation, early in the pandemic, replacing theWuhan strain as a globally prevalent strain,
but with no reduction in vaccine protective effect compared to the Wuhan strain (Weissman et al., 2020); NA, not available.
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(NTD) are ineffective against B.1.1.7. The B.1.351 mutant was found to be resistant to
monoclonal antibodies against the spike protein NTD, and RDB due to the E484K
substitution mutation (Wang et al., 2021b, p. 7).

APPLICATION OF SARS-COV-2 PSEUDOVIRUS IN DRUG
SCREENING AND DEVELOPMENT
The infection of SARS-CoV-2 to host cells is related to the membranes fusion proces. This
process involves binding S protein to cell membrane receptor ACE2 and cleavage of S
protein by protease on cell membrane. According to this principle, therapeutic drugs are
designed. The SARS-CoV-2 entry inhibitor blocks the pseudovirus from entering the cell,
lowering the fluorescent protein production. It is the most suitable tool for drug
development and screening at the cellular level.

Patil et al. (2023) constructed HIV-1-based SARS-CoV-2 pseudovirus to evaluate that
Lactoferin hydrolysed for 90 min inhibits on CTSL and prevents the pseudovirus from
entering target cells. [Pyr1]-Apelin-13 can bind to ACE2, inhibit the binding of S protein
and cell ACE2, and effectively reduce the pseudovirus infection to 16HBE14o cells (Park
et al., 2022). A flavonoid extract from Lophatherum gracile methanol extract and flavone
C-glycoside isoorientin and PEDOT also inhibit the infection of HEK293T cells with
hACE2 overexpression by WT and mutant pseudovirus by blocking the binding between
SARS-CoV-2 and ACE2 (Hung et al., 2022; Chen et al., 2023a). Hesperidin (HD) and
hesperitin (HT) are potential inhibitors of TMPRSS2, which can reduce the expression of
ACE2 and TMPRSS2 and block the interaction between S protein and ACE2, and show
antiviral activity against D614G and 501Y. V2 mutant pseudoviruses (Cheng et al., 2021).
Heparan sulfate proteoglycan (HSPG) is necessary to enhance the binding of S protein to
cell surface ACE2 and promote SARS-CoV-2 infection of host cells (Clausen et al., 2020).
Dwivedi et al. (2022) can competitively inhibit the binding of HSPG to S protein by using
marine sulfed-glycans, and reduce the infectivity of SARS-CoV-2 pseudovirus.

In the face of a global pandemic of the magnitude of COVID-19, a drug screening of
existing drugs is necessary. Wang et al. (2021a) and Ge et al. (2021) used a pseudovirus
drug screening system to investigate the antiviral impact of drugs. They concluded that
astemizole and doxepin represent potential drug candidates that can be reused in anti-
SARS-CoV-2 therapies (Ge et al., 2021; Wang et al., 2021a). Using successfully generated
VSV pseudoviruses bearing the S protein, Xiong et al. (2020) evaluated the antiviral efficacy
of 1,403 FDA-approved drugs against ACE2-expressing human BHK21 cells. Through
three rounds of screening tests, five drugs that specifically inhibited pseudoviruses in vitro
with >85% inhibition rate and no cytotoxicity were selected. They found that combination
therapy could reduce the concentration of drugs to exert antiviral effects, thereby reducing
the cytotoxic side effects, suggesting a new combination therapy idea for COVID-19
clinical treatment (Xiong et al., 2020).Meng et al. (2023) constructed an HIV-based SARS-
CoV-2 pseudovirus that screened out 24 flavonoids that blocked the invasion of the
pseudovirus into host cells. Hashizume et al. (2023) successfully screened 24 SARS-CoV-2
entry inhibitors from a US Food and Drug Administration-approved drug library. They
determined that the main targets of these 24 compounds were dopamine receptor D2
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antagonists, which led to the discovery of the broad-spectrum anti-SARS-CoV-2 activity of
phenothiazines (Hashizume et al., 2023).

CONCLUSIONS
Of course, there are limitations to pseudovirus technology. First, the envelope glycoprotein
distribution and conformation of pseudoviruses may differ slightly from the live virus, and
it is vital to increase the diversity of various packaging systems. Second, PBNA cannot be
used to quantify sera with low neutralizing antibody titers as the minimum serum dilution
for PBNA is 1:25 (Hvidt et al., 2022). Furthermore, there is a risk of reverting to the live
virus (Sakuma et al., 2010; Bilska, Tang & Montefiori, 2017). So, live virus detection results
are still the gold standard. However, it is undeniable that SARS-CoV-2 pseudovirus have
been shown to correlate well with live viruses in some areas, and their application has
lowered the threshold of experimental techniques and greatly facilitated the study of SARS-
CoV-2. We expect the development of SARS-CoV-2 pseudovirus applications to inspire
more enveloped virus drugs and vaccines for highly infectious enveloped viruses, such as
Ebola (Sokolova et al., 2021) and hantavirus (Mayor et al., 2021), as well as for emerging
infectious diseases, such as monkeypox virus, which appeared in 2022 (Feng et al., 2022).

ACKNOWLEDGEMENTS
The authors are very thankful to everyone who participated in this study.

ADDITIONAL INFORMATION AND DECLARATIONS

Funding
This research was supported by the National Natural Science Foundation of China #1
under Grant (No. 32170119); and the National Natural Science Foundation of China #2
under Grant (No. 31870135). The funders had no role in study design, data collection and
analysis, decision to publish, or preparation of the manuscript.

Grant Disclosures
The following grant information was disclosed by the authors:
National Natural Science Foundation of China: 32170119.
National Natural Science Foundation of China: 31870135.

Competing Interests
The authors declare that they have no competing interests.

Author Contributions
� Conglian Tan conceived and designed the experiments, performed the experiments,
analyzed the data, prepared figures and/or tables, authored or reviewed drafts of the
article, and approved the final draft.

� Nian Wang performed the experiments, authored or reviewed drafts of the article, and
approved the final draft.

Tan et al. (2023), PeerJ, DOI 10.7717/peerj.16234 10/17

http://dx.doi.org/10.7717/peerj.16234
https://peerj.com/


� Shanshan Deng analyzed the data, prepared figures and/or tables, and approved the final
draft.

� Xiaoheng Wu analyzed the data, prepared figures and/or tables, and approved the final
draft.

� Changwu Yue analyzed the data, authored or reviewed drafts of the article, and approved
the final draft.

� Xu Jia conceived and designed the experiments, authored or reviewed drafts of the
article, and approved the final draft.

� Yuhong Lyu conceived and designed the experiments, authored or reviewed drafts of the
article, and approved the final draft.

Data Availability
The following information was supplied regarding data availability:

This article is a review and no experiments were conducted, so no raw data or code are
available.

REFERENCES
Almahboub SA, Algaissi A, Alfaleh MA, El Assouli M-Z, Hashem AM. 2020. Evaluation of

neutralizing antibodies against highly pathogenic coronaviruses: a detailed protocol for a rapid
evaluation of neutralizing antibodies using vesicular stomatitis virus pseudovirus-based assay.
Frontiers in Microbiology 11:107 DOI 10.3389/fmicb.2020.02020.

Ao Z, Ouyang MJ, Olukitibi TA, Warner B, Vendramelli R, Truong T, Meilleur C, Zhang M,
Kung S, Fowke KR, Kobasa D, Yao X. 2022. A recombinant VSV-based bivalent vaccine
effectively protects against both SARS-CoV-2 and influenza a virus infection. Journal of Virology
0(18):e01337-22 DOI 10.1128/jvi.01337-22.

Barouch DH, Stephenson KE, Sadoff J, Yu J, Chang A, Gebre M, McMahan K, Liu J,
Chandrashekar A, Patel S, Le Gars M, de Groot AM, Heerwegh D, Struyf F, Douoguih M,
van Hoof J, Schuitemaker H. 2021. Durable humoral and cellular immune responses following
Ad26.COV2.S vaccination for COVID-19. medRxiv DOI 10.1101/2021.07.05.21259918.

Barros-Martins J, Hammerschmidt SI, Cossmann A, Odak I, Stankov MV, Morillas Ramos G,
Dopfer-Jablonka A, Heidemann A, Ritter C, Friedrichsen M, Schultze-Florey C, Ravens I,
Willenzon S, Bubke A, Ristenpart J, Janssen A, Ssebyatika G, Bernhardt G, Münch J,
Hoffmann M, Pöhlmann S, Krey T, Bošnjak B, Förster R, Behrens GMN. 2021. Immune
responses against SARS-CoV-2 variants after heterologous and homologous ChAdOx1 nCoV-
19/BNT162b2 vaccination. Nature Medicine 27(9):1525–1529
DOI 10.1038/s41591-021-01449-9.

Bilska M, Tang H, Montefiori DC. 2017. Short Communication: Potential Risk of Replication-
Competent Virus in HIV-1 Env-Pseudotyped Virus Preparations. AIDS Research and Human
Retroviruses 33:368–372 DOI 10.1089/aid.2016.0142.

Chan JF-W, Kok K-H, Zhu Z, Chu H, To KK-W, Yuan S, Yuen K-Y. 2020. Genomic
characterization of the 2019 novel human-pathogenic coronavirus isolated from a patient with
atypical pneumonia after visiting Wuhan. Emerging Microbes & Infections 9(1):221–236
DOI 10.1080/22221751.2020.1719902.

Chen Y-L, Chen C-Y, Lai K-H, Chang Y-C, Hwang T-L. 2023a. Anti-inflammatory and antiviral
activities of flavone C-glycosides of Lophatherum gracile for COVID-19. Journal of Functional
Foods 101(1):105407 DOI 10.1016/j.jff.2023.105407.

Tan et al. (2023), PeerJ, DOI 10.7717/peerj.16234 11/17

http://dx.doi.org/10.3389/fmicb.2020.02020
http://dx.doi.org/10.1128/jvi.01337-22
http://dx.doi.org/10.1101/2021.07.05.21259918
http://dx.doi.org/10.1038/s41591-021-01449-9
http://dx.doi.org/10.1089/aid.2016.0142
http://dx.doi.org/10.1080/22221751.2020.1719902
http://dx.doi.org/10.1016/j.jff.2023.105407
http://dx.doi.org/10.7717/peerj.16234
https://peerj.com/


Chen M, Li S, Liu S, Zhang Y, Cui X, Lv L, Liu B, Zheng A, Wang Q, Duo S, Gao F. 2023b.
Infection of SARS-CoV-2 causes severe pathological changes in mouse testis. Journal of Genetics
and Genomics 50(2):99–107 DOI 10.1016/j.jgg.2022.11.011.

Chen Y, Liu Q, Guo D. 2020. Emerging coronaviruses: genome structure, replication, and
pathogenesis. Journal of Medical Virology 92(4):418–423 DOI 10.1002/jmv.25681.

Cheng F-J, Huynh T-K, Yang C-S, Hu D-W, Shen Y-C, Tu C-Y, Wu Y-C, Tang C-H, Huang W-
C, Chen Y, Ho C-Y. 2021. Hesperidin is a potential inhibitor against SARS-CoV-2 infection.
Nutrients 13(8):2800 DOI 10.3390/nu13082800.

Clausen TM, Sandoval DR, Spliid CB, Pihl J, Perrett HR, Painter CD, Narayanan A,
Majowicz SA, Kwong EM, McVicar RN, Thacker BE, Glass CA, Yang Z, Torres JL,
Golden GJ, Bartels PL, Porell RN, Garretson AF, Laubach L, Feldman J, Yin X, Pu Y,
Hauser BM, Caradonna TM, Kellman BP, Martino C, Gordts PLSM, Chanda SK,
Schmidt AG, Godula K, Leibel SL, Jose J, Corbett KD, Ward AB, Carlin AF, Esko JD. 2020.
SARS-CoV-2 infection depends on cellular heparan sulfate and ACE2. Cell 183(4):1043–1057.
e15 DOI 10.1016/j.cell.2020.09.033.

Crawford KHD, Eguia R, Dingens AS, Loes AN, Malone KD, Wolf CR, Chu HY, Tortorici MA,
Veesler D, Murphy M, Pettie D, King NP, Balazs AB, Bloom JD. 2020. Protocol and reagents
for pseudotyping lentiviral particles with SARS-CoV-2 spike protein for neutralization assays.
Viruses 12(5):513 DOI 10.3390/v12050513.

Dull T, Zufferey R, Kelly M, Mandel RJ, Nguyen M, Trono D, Naldini L. 1998. A
third-generation lentivirus vector with a conditional packaging system. Journal of Virology
72(11):8463–8471 DOI 10.1128/JVI.72.11.8463-8471.1998.

Dwivedi R, Sharma P, Farrag M, Kim SB, Fassero LA, Tandon R, Pomin VH. 2022. Inhibition of
SARS-CoV-2 wild-type (Wuhan-Hu-1) and Delta (B.1.617.2) strains by marine sulfated glycans.
Glycobiology 32(6):849–854 DOI 10.1093/glycob/cwac042.

Erra L, Uriarte I, Colado A, Paolini MV, Seminario G, Fernández JB, Tau L, Bernatowiez J,
Moreira I, Vishnopolska S, Rumbo M, Cassarino C, Vijoditz G, López AL, Curciarello R,
Rodríguez D, Rizzo G, Ferreyra M, Ferreyra Mufarregue LR, Badano MN, Pérez Millán MI,
Quiroga MF, Baré P, Ibañez I, Pozner R, Borge M, Docena G, Bezrodnik L, Almejun MB.
2023. COVID-19 vaccination responses with different vaccine platforms in patients with inborn
errors of immunity. Journal of Clinical Immunology 43(2):271–285
DOI 10.1007/s10875-022-01382-7.

Evans JP, Zeng C, Carlin C, Lozanski G, Saif LJ, Oltz EM, Gumina RJ, Liu S-L. 2022.
Neutralizing antibody responses elicited by SARS-CoV-2 mRNA vaccination wane over time
and are boosted by breakthrough infection. Science Translational Medicine 14:eabn8057
DOI 10.1126/scitranslmed.abn8057.

Feng J, Xue G, Cui X, Du B, Feng Y, Cui J, Zhao H, Gan L, Fan Z, Fu T, Xu Z, Du S, Zhou Y,
Zhang R, Fu H, Tian Z, Zhang Q, Yan C, Yuan J. 2022. Development of a loop-mediated
isothermal amplification method for rapid and visual detection of monkeypox virus.
Microbiology Spectrum 10(5):e02714-22 DOI 10.1128/spectrum.02714-22.

Ge S, Wang X, Hou Y, Lv Y, Wang C, He H. 2021. Repositioning of histamine H1 receptor
antagonist: doxepin inhibits viropexis of SARS-CoV-2 spike pseudovirus by blocking ACE2.
European Journal of Pharmacology 896:173897 DOI 10.1016/j.ejphar.2021.173897.

Giroglou T, Cinatl J, Rabenau H, Drosten C, Schwalbe H, Doerr HW, von Laer D. 2004.
Retroviral vectors pseudotyped with severe acute respiratory syndrome coronavirus S protein.
Journal of Virology 78(17):9007–9015 DOI 10.1128/JVI.78.17.9007-9015.2004.

Tan et al. (2023), PeerJ, DOI 10.7717/peerj.16234 12/17

http://dx.doi.org/10.1016/j.jgg.2022.11.011
http://dx.doi.org/10.1002/jmv.25681
http://dx.doi.org/10.3390/nu13082800
http://dx.doi.org/10.1016/j.cell.2020.09.033
http://dx.doi.org/10.3390/v12050513
http://dx.doi.org/10.1128/JVI.72.11.8463-8471.1998
http://dx.doi.org/10.1093/glycob/cwac042
http://dx.doi.org/10.1007/s10875-022-01382-7
http://dx.doi.org/10.1126/scitranslmed.abn8057
http://dx.doi.org/10.1128/spectrum.02714-22
http://dx.doi.org/10.1016/j.ejphar.2021.173897
http://dx.doi.org/10.1128/JVI.78.17.9007-9015.2004
http://dx.doi.org/10.7717/peerj.16234
https://peerj.com/


Hashizume M, Takashima A, Ono C, Okamoto T, Iwasaki M. 2023. Phenothiazines inhibit
SARS-CoV-2 cell entry via a blockade of spike protein binding to neuropilin-1. Antiviral
Research 209:105481 DOI 10.1016/j.antiviral.2022.105481.

Hoffmann M, Kleine-Weber H, Schroeder S, Krüger N, Herrler T, Erichsen S, Schiergens TS,
Herrler G, Wu N-H, Nitsche A, Müller MA, Drosten C, Pöhlmann S. 2020. 4SARS-CoV-2 cell
entry depends on ACE2 and TMPRSS2 and is blocked by a clinically proven protease inhibitor.
Cell 181:271–280.e8 DOI 10.1016/j.cell.2020.02.052.

Huang H, Zhou Z, Xiong X, Liu Z, Zheng X, Quan Q, YuM. 2023. SARS-CoV-2 delta (B.1.617.2)
spike protein adjuvanted with alum-3M-052 enhances antibody production and neutralization
ability. Frontiers in Public Health 10:976686 DOI 10.3389/fpubh.2022.976686.

Hung J-N, Kha Vo DN, Thanh Ho HP, Tsai M-H. 2022. PEDOT: pss in solution form exhibits
strong potential in inhibiting SARS-CoV-2 infection of the host cells by targeting viruses and
also the host cells. Biomacromolecules 23(9):3535–3548 DOI 10.1021/acs.biomac.2c00271.

Hvidt AK, Baerends EAM, Søgaard OS, Stærke NB, Raben D, Reekie J, Nielsen H, Johansen IS,
Wiese L, Benfield TL, Iversen KK, Mustafa AB, Juhl MR, Petersen KT, Ostrowski SR,
Lindvig SO, Rasmussen LD, Schleimann MH, Andersen SD, Juhl AK, Dietz LL,
Andreasen SR, Lundgren J, Østergaard L, Tolstrup M. 2022. Comparison of vaccine-induced
antibody neutralization against SARS-CoV-2 variants of concern following primary and booster
doses of COVID-19 vaccines. Frontiers in Medicine 9:994160 DOI 10.3389/fmed.2022.994160.

Jackson CB, Farzan M, Chen B, Choe H. 2021. Mechanisms of SARS-CoV-2 entry into cells.
Nature Reviews Molecular Cell Biology 23(1):1–18 DOI 10.1038/s41580-021-00418-x.

Jin L, Tang R, Wu S, Guo X, Huang H, Hou L, Chen X, Zhu T, Gou J, Zhong J, Pan H, Cui L,
Chen Y, Xia X, Feng J, Wang X, Zhao Q, Xu X, Li Z, Zhang X, Chen W, Li J, Zhu F. 2023.
Antibody persistence and safety after heterologous boosting with orally aerosolised Ad5-nCoV
in individuals primed with two-dose CoronaVac previously: 12-month analyses of a randomized
controlled trial. Emerging Microbes & Infections 12(1):2155251
DOI 10.1080/22221751.2022.2155251.

Johnson MC, Lyddon TD, Suarez R, Salcedo B, LePique M, Graham M, Ricana C, Robinson C,
Ritter DG. 2020. Optimized pseudotyping conditions for the SARS-COV-2 spike glycoprotein.
Journal of Virology 94(21):e01062-20 DOI 10.1128/JVI.01062-20.

Ju X, Zhu Y, Wang Y, Li J, Zhang J, Gong M, Ren W, Li S, Zhong J, Zhang L, Zhang QC,
Zhang R, Ding Q. 2021. A novel cell culture system modeling the SARS-CoV-2 life cycle. PLOS
Pathogens 17(3):e1009439 DOI 10.1371/journal.ppat.1009439.

Ke Z, Oton J, Qu K, Cortese M, Zila V, McKeane L, Nakane T, Zivanov J, Neufeldt CJ,
Cerikan B, Lu JM, Peukes J, Xiong X, Kräusslich H-G, Scheres SHW, Bartenschlager R,
Briggs JAG. 2020. Structures and distributions of SARS-CoV-2 spike proteins on intact virions.
Nature 588(7838):498–502 DOI 10.1038/s41586-020-2665-2.

Korber B, Fischer WM, Gnanakaran S, Yoon H, Theiler J, Abfalterer W, Hengartner N,
Giorgi EE, Bhattacharya T, Foley B, Hastie KM, Parker MD, Partridge DG, Evans CM,
Freeman TM, de Silva TI, McDanal C, Perez LG, Tang H, Moon-Walker A, Whelan SP,
LaBranche CC, Saphire EO, Montefiori DC. 2020. Tracking changes in SARS-CoV-2 spike:
evidence that D614G increases infectivity of the COVID-19 virus. Cell 182(4):812–827.e19
DOI 10.1016/j.cell.2020.06.043.

Lau DK, Aresu M, Planche T, Tran A, Lazaro-Alcausi R, Duncan J, Kidd S, Cromarty S,
Begum R, Rana I, Li S, Mohamed AA, Monahan I, Clark DJ, Eckersley N, Staines HM,
Groppelli E, Krishna S, Mayora-Neto M, Temperton N, Fribbens C, Watkins D, Starling N,
Chau I, Cunningham D, Rao S. 2022. SARS-CoV-2 vaccine immunogenicity in patients with

Tan et al. (2023), PeerJ, DOI 10.7717/peerj.16234 13/17

http://dx.doi.org/10.1016/j.antiviral.2022.105481
http://dx.doi.org/10.1016/j.cell.2020.02.052
http://dx.doi.org/10.3389/fpubh.2022.976686
http://dx.doi.org/10.1021/acs.biomac.2c00271
http://dx.doi.org/10.3389/fmed.2022.994160
http://dx.doi.org/10.1038/s41580-021-00418-x
http://dx.doi.org/10.1080/22221751.2022.2155251
http://dx.doi.org/10.1128/JVI.01062-20
http://dx.doi.org/10.1371/journal.ppat.1009439
http://dx.doi.org/10.1038/s41586-020-2665-2
http://dx.doi.org/10.1016/j.cell.2020.06.043
http://dx.doi.org/10.7717/peerj.16234
https://peerj.com/


gastrointestinal cancer receiving systemic anti-cancer therapy. The Oncologist 28(1):e1–e8
DOI 10.1093/oncolo/oyac230.

Li Q, Liu Q, Huang W, Li X, Wang Y. 2018. Current status on the development of pseudoviruses
for enveloped viruses. Reviews in Medical Virology 28(1):e1963 DOI 10.1002/rmv.1963.

Li Z, Yong H, Wang W, Gao Y, Wang P, Chen X, Lu J, Zheng J, Bai J. 2023. GSK3326595 is a
promising drug to prevent SARS-CoV-2 omicron and other variants infection by inhibiting
ACE2-R671 di-methylation. Journal of Medical Virology 95(1):e28158 DOI 10.1002/jmv.28158.

Ling T-C, Chen P-L, Li N-Y, Ko W-C, Sun C-Y, Chao J-Y, Shieh C-C, Shen C-F, Wu J-L,
Huang T-C, Chao C-H, Wang J-R, Chang Y-T. 2023. Trajectory of humoral responses to two
doses of ChAdOx1 nCoV-19 vaccination in patients receiving maintenance hemodialysis.
Microbiology Spectrum 11(2):e0344522 DOI 10.1128/spectrum.03445-22.

Liu J, Chandrashekar A, Sellers D, Barrett J, Jacob-Dolan C, Lifton M, McMahan K, Sciacca M,
VanWyk H, Wu C, Yu J, Collier AY, Barouch DH. 2022. Vaccines elicit highly conserved
cellular immunity to SARS-CoV-2 omicron. Nature 603:493–496
DOI 10.1038/s41586-022-04465-y.

Lu Y, Li Q, Fan H, Liao C, Zhang J, Hu H, Yi H, Peng Y, Lu J, Chen Z. 2023. A multivalent and
thermostable nanobody neutralizing SARS-CoV-2 omicron (B.1.1.529). International Journal of
Nanomedicine 18:353–367 DOI 10.2147/IJN.S387160.

Lu R, Zhao X, Li J, Niu P, Yang B, Wu H, Wang W, Song H, Huang B, Zhu N, Bi Y, Ma X,
Zhan F, Wang L, Hu T, Zhou H, Hu Z, Zhou W, Zhao L, Chen J, Meng Y, Wang J, Lin Y,
Yuan J, Xie Z, Ma J, Liu WJ, Wang D, Xu W, Holmes EC, Gao GF, Wu G, Chen W, Shi W,
Tan W. 2020. Genomic characterisation and epidemiology of 2019 novel coronavirus:
implications for virus origins and receptor binding. The Lancet 395(10224):565–574
DOI 10.1016/S0140-6736(20)30251-8.

Ma Y, Mao G, Wu G, Chen M, Qin F, Zheng L, Zhang X-E. 2021. Dual-fluorescence labeling
pseudovirus for real-time imaging of single SARS-CoV-2 entry in respiratory epithelial cells.
ACS Applied Materials & Interfaces: Acsami 13:1c03897 DOI 10.1021/acsami.1c03897.

Ma Y, Mao G, Yang W, Wu G, Li G, Li X, Lin X, Lu J, Zhao S, Zhao W, Dai J, Zhang X-E. 2022.
Studying bona fide SARS-CoV-2 biology in a BSL-2 biosafety environment using a split-virus-
genome system. Science China Life Sciences 65(9):1894–1897 DOI 10.1007/s11427-022-2114-8.

Mahasirimongkol S, Khunphon A, Kwangsukstid O, Sapsutthipas S, Wichaidit M,
Rojanawiwat A, Wichuckchinda N, Puangtubtim W, Pimpapai W, Soonthorncharttrawat S,
Wanitchang A, Jongkaewwattana A, Srisutthisamphan K, Phainupong D, Thawong N,
Piboonsiri P, Sawaengdee W, Somsaard T, Ritthitham K, Chumpol S, Pinyosukhee N,
Wichajarn R, Dhepakson P, Iamsirithaworn S, Phumiamorn S. 2022. The pilot study of
immunogenicity and adverse events of a COVID-19 vaccine regimen: priming with inactivated
whole SARS-CoV-2 vaccine (CoronaVac) and boosting with the adenoviral vector (ChAdOx1
nCoV-19) vaccine. Vaccines 10(4):536 DOI 10.3390/vaccines10040536.

Mayor J, Torriani G, Engler O, Rothenberger S. 2021. Identification of novel antiviral
compounds targeting entry of hantaviruses. Viruses 13(4):685 DOI 10.3390/v13040685.

Meng J-R, Liu J, Fu L, Shu T, Yang L, Zhang X, Jiang Z-H, Bai L-P. 2023. Anti-entry activity of
natural flavonoids against SARS-CoV-2 by targeting spike RBD. Viruses 15(1):160
DOI 10.3390/v15010160.

Moon J, Jung Y, Moon S, Hwang J, Kim S, Kim MS, Yoon JH, Kim K, Park Y, Cho JY,
Kweon D-H. 2023. Production and characterization of lentivirus vector-based SARS-CoV-2
pseudoviruses with dual reporters: evaluation of anti-SARS-CoV-2 viral effect of Korean red
ginseng. Journal of Ginseng Research 47(1):123–132 DOI 10.1016/j.jgr.2022.07.003.

Tan et al. (2023), PeerJ, DOI 10.7717/peerj.16234 14/17

http://dx.doi.org/10.1093/oncolo/oyac230
http://dx.doi.org/10.1002/rmv.1963
http://dx.doi.org/10.1002/jmv.28158
http://dx.doi.org/10.1128/spectrum.03445-22
http://dx.doi.org/10.1038/s41586-022-04465-y
http://dx.doi.org/10.2147/IJN.S387160
http://dx.doi.org/10.1016/S0140-6736(20)30251-8
http://dx.doi.org/10.1021/acsami.1c03897
http://dx.doi.org/10.1007/s11427-022-2114-8
http://dx.doi.org/10.3390/vaccines10040536
http://dx.doi.org/10.3390/v13040685
http://dx.doi.org/10.3390/v15010160
http://dx.doi.org/10.1016/j.jgr.2022.07.003
http://dx.doi.org/10.7717/peerj.16234
https://peerj.com/


Muik A, Lui BG, Wallisch A-K, Bacher M, Mühl J, Reinholz J, Ozhelvaci O, Beckmann N, de la
Güimil Garcia RC, Poran A, Shpyro S, Finlayson A, Cai H, Yang Q, Swanson KA, Türeci Ö,
Şahin U. 2022. Neutralization of SARS-CoV-2 omicron by BNT162b2 mRNA vaccine-elicited
human sera. Science 375:678–680 DOI 10.1126/science.abn7591.

NadeemMS, Zamzami MA, Choudhry H, Murtaza BN, Kazmi I, Ahmad H, Shakoori AR. 2020.
Origin, potential therapeutic targets and treatment for coronavirus disease (COVID-19).
Pathogens 9:307 DOI 10.3390/pathogens9040307.

Nie J, Li Q, Wu J, Zhao C, Hao H, Liu H, Zhang L, Nie L, Qin H, Wang M, Lu Q, Li X, Sun Q,
Liu J, Fan C, Huang W, Xu M, Wang Y. 2020. Establishment and validation of a pseudovirus
neutralization assay for SARS-CoV-2. Emerging Microbes & Infections 9(1):680–686
DOI 10.1080/22221751.2020.1743767.

Oronsky B, Larson C, Hammond TC, Oronsky A, Kesari S, Lybeck M, Reid TR. 2023. A review
of persistent post-COVID syndrome (PPCS). Clinical Reviews in Allergy & Immunology
64(1):66–74 DOI 10.1007/s12016-021-08848-3.

Ou X, Liu Y, Lei X, Li P, Mi D, Ren L, Guo L, Guo R, Chen T, Hu J, Xiang Z, Mu Z, Chen X,
Chen J, Hu K, Jin Q, Wang J, Qian Z. 2020. Characterization of spike glycoprotein of SARS-
CoV-2 on virus entry and its immune cross-reactivity with SARS-CoV. Nature Communications
11(1):1620 DOI 10.1038/s41467-020-15562-9.

Park J, Park M-Y, Kim Y, Jun Y, Lee U, Oh C-M. 2022. Apelin as a new therapeutic target for
COVID-19 treatment. QJM: an International Journal of Medicine 116(3):197–204
DOI 10.1093/qjmed/hcac229.

Patil D, Chen S, Fogliano V, Madadlou A. 2023. Hydrolysis improves the inhibition efficacy of
bovine lactoferrin against infection by SARS-CoV-2 pseudovirus. International Dairy Journal
137:105488 DOI 10.1016/j.idairyj.2022.105488.

Pattnaik AK, Ball LA, LeGrone AW,Wertz GW. 1992. Infectious defective interfering particles of
VSV from transcripts of a cDNA clone. Cell 69(6):1011–1020
DOI 10.1016/0092-8674(92)90619-N.

Pattnaik AK, Wertz GW. 1990. Replication and amplification of defective interfering particle
RNAs of vesicular stomatitis virus in cells expressing viral proteins from vectors containing
cloned cDNAs. Journal of Virology 64(6):2948–2957 DOI 10.1128/jvi.64.6.2948-2957.1990.

Pellegrini L, Albecka A, Mallery DL, Kellner MJ, Paul D, Carter AP, James LC, Lancaster MA.
2020. SARS-CoV-2 infects the brain choroid plexus and disrupts the blood-CSF barrier in
human brain organoids. Cell Stem Cell 27(6):951–961.e5 DOI 10.1016/j.stem.2020.10.001.

Sakuma T, De Ravin SS, Tonne JM, Thatava T, Ohmine S, Takeuchi Y, Malech HL, Ikeda Y.
2010. Characterization of retroviral and lentiviral vectors pseudotyped with xenotropic murine
leukemia virus-related virus envelope glycoprotein. Human Gene Therapy 21(12):1665–1673
DOI 10.1089/hum.2010.063.

Schmidt F, Weisblum Y, Muecksch F, Hoffmann H-H, Michailidis E, Lorenzi JCC, Mendoza P,
Rutkowska M, Bednarski E, Gaebler C, Agudelo M, Cho A, Wang Z, Gazumyan A,
Cipolla M, Caskey M, Robbiani DF, Nussenzweig MC, Rice CM, Hatziioannou T,
Bieniasz PD. 2020. Measuring SARS-CoV-2 neutralizing antibody activity using pseudotyped
and chimeric virusesSARS-CoV-2 neutralizing antibody activity. Journal of Experimental
Medicine 217(11):284 DOI 10.1084/jem.20201181.

Schnell MJ, Buonocore L, Kretzschmar E, Johnson E, Rose JK. 1996. Foreign glycoproteins
expressed from recombinant vesicular stomatitis viruses are incorporated efficiently into virus
particles. Proceedings of the National Academy of Sciences of the United States of America
93(21):11359–11365 DOI 10.1073/pnas.93.21.11359.

Tan et al. (2023), PeerJ, DOI 10.7717/peerj.16234 15/17

http://dx.doi.org/10.1126/science.abn7591
http://dx.doi.org/10.3390/pathogens9040307
http://dx.doi.org/10.1080/22221751.2020.1743767
http://dx.doi.org/10.1007/s12016-021-08848-3
http://dx.doi.org/10.1038/s41467-020-15562-9
http://dx.doi.org/10.1093/qjmed/hcac229
http://dx.doi.org/10.1016/j.idairyj.2022.105488
http://dx.doi.org/10.1016/0092-8674(92)90619-N
http://dx.doi.org/10.1128/jvi.64.6.2948-2957.1990
http://dx.doi.org/10.1016/j.stem.2020.10.001
http://dx.doi.org/10.1089/hum.2010.063
http://dx.doi.org/10.1084/jem.20201181
http://dx.doi.org/10.1073/pnas.93.21.11359
http://dx.doi.org/10.7717/peerj.16234
https://peerj.com/


Shi J, Zhao Y, Peng M, Zhu S, Wu Y, Ji R, Shen C. 2023. Screening of efficient adjuvants for the
RBD-based subunit vaccine of SARS-CoV-2. Vaccines 11(4):713
DOI 10.3390/vaccines11040713.

Sokolova AS, Putilova VP, Yarovaya OI, Zybkina AV, Mordvinova ED, Zaykovskaya AV,
Shcherbakov DN, Orshanskaya IR, Sinegubova EO, Esaulkova IL, Borisevich SS,
Bormotov NI, Shishkina LN, Zarubaev VV, Pyankov OV, Maksyutov RA, Salakhutdinov NF.
2021. Synthesis and antiviral activity of camphene derivatives against different types of viruses.
Molecules 26(8):2235 DOI 10.3390/molecules26082235.

Soleimani M. 2020. Acute kidney injury in SARS-CoV-2 infection: direct effect of virus on kidney
proximal tubule cells. International Journal of Molecular Sciences 21(9):3275
DOI 10.3390/ijms21093275.

Stillman EA, Rose JK, Whitt MA. 1995. Replication and amplification of novel vesicular stomatitis
virus minigenomes encoding viral structural proteins. Journal of Virology 69(5):2946–2953
DOI 10.1128/jvi.69.5.2946-2953.1995.

Tang H, Gao L, Wu Z, Meng F, Zhao X, Shao Y, Hou G, Du X, Qin FX-F. 2022.Multiple SARS-
CoV-2 variants exhibit variable target cell infectivity and ability to evade antibody
neutralization. Frontiers in Immunology 13:836232 DOI 10.3389/fimmu.2022.836232.

Tolah AMK, Sohrab SS, Tolah KMK, Hassan AM, El-Kafrawy SA, Azhar EI. 2021. Evaluation of
a pseudovirus neutralization assay for SARS-CoV-2 and correlation with live virus-based micro
neutralization assay. Diagnostics 11(6):994 DOI 10.3390/diagnostics11060994.

Wang X, Lu J, Ge S, Hou Y, Hu T, Lv Y,Wang C, He H. 2021a.Astemizole as a drug to inhibit the
effect of SARS-COV-2 in vitro. Microbial Pathogenesis 156:104929
DOI 10.1016/j.micpath.2021.104929.

Wang Y, Ma Y, Xu Y, Liu J, Li X, Chen Y, Chen Y, Xie J, Xiao L, Xiang Z, Wu F, Huang J. 2022a.
Resistance of SARS-CoV-2 omicron variant to convalescent and CoronaVac vaccine plasma.
Emerging Microbes & Infections 11:424–427 DOI 10.1080/22221751.2022.2027219.

Wang P, Nair MS, Liu L, Iketani S, Luo Y, Guo Y, Wang M, Yu J, Zhang B, Kwong PD,
Graham BS, Mascola JR, Chang JY, Yin MT, Sobieszczyk M, Kyratsous CA, Shapiro L,
Sheng Z, Huang Y, Ho DD. 2021b. Antibody resistance of SARS-CoV-2 variants B.1.351 and
B.1.1.7. Nature 593(7857):130–135 DOI 10.1038/s41586-021-03398-2.

Wang CY, Peng W-J, Kuo B-S, Ho Y-H, Wang M-S, Yang Y-T, Chang P-Y, Shen Y-H,
Hwang K-P. 2023a. Toward a pan-SARS-CoV-2 vaccine targeting conserved epitopes on spike
and non-spike proteins for potent, broad and durable immune responses. PLOS Pathogens
19(4):e1010870 DOI 10.1371/journal.ppat.1010870.

Wang Q, Ye S, Zhou Z, Li J, Lv J, Hu B, Yuan S, Qiu Y, Ge X. 2022b. Key mutations on spike
protein altering ACE2 receptor utilization and potentially expanding host range of emerging
SARS-CoV-2 variants. Journal of Medical Virology 95(1):e28116 DOI 10.1002/jmv.28116.

Wang Z, Zhong K, Wang G, Lu Q, Li H, Wu Z, Zhang Z, Yang N, Zheng M, Wang Y, Nie C,
Zhou L, Tong A. 2023b. Loss of furin site enhances SARS-CoV-2 spike protein pseudovirus
infection. Gene 856(8):147144 DOI 10.1016/j.gene.2022.147144.

Weissman D, Alameh M-G, de Silva T, Collini P, Hornsby H, Brown R, LaBranche CC,
Edwards RJ, Sutherland L, Santra S, Mansouri K, Gobeil S, McDanal C, Pardi N,
Hengartner N, Lin PJC, Tam Y, Shaw PA, Lewis MG, Boesler C, Şahin U, Acharya P,
Haynes BF, Korber B, Montefiori DC. 2020. D614G spike mutation increases SARS CoV-2
susceptibility to neutralization. Science 370(6523):1464–1468
DOI 10.1101/2020.07.22.20159905.

Tan et al. (2023), PeerJ, DOI 10.7717/peerj.16234 16/17

http://dx.doi.org/10.3390/vaccines11040713
http://dx.doi.org/10.3390/molecules26082235
http://dx.doi.org/10.3390/ijms21093275
http://dx.doi.org/10.1128/jvi.69.5.2946-2953.1995
http://dx.doi.org/10.3389/fimmu.2022.836232
http://dx.doi.org/10.3390/diagnostics11060994
http://dx.doi.org/10.1016/j.micpath.2021.104929
http://dx.doi.org/10.1080/22221751.2022.2027219
http://dx.doi.org/10.1038/s41586-021-03398-2
http://dx.doi.org/10.1371/journal.ppat.1010870
http://dx.doi.org/10.1002/jmv.28116
http://dx.doi.org/10.1016/j.gene.2022.147144
http://dx.doi.org/10.1101/2020.07.22.20159905
http://dx.doi.org/10.7717/peerj.16234
https://peerj.com/


WHOCoronavirus (COVID-19) Dashboard. 2022. Available at https://covid19.who.int (accessed
31 October 2022).

Wu K, Werner AP, Koch M, Choi A, Narayanan E, Stewart-Jones GBE, Colpitts T, Bennett H,
Boyoglu-Barnum S, Shi W, Moliva JI, Sullivan NJ, Graham BS, Carfi A, Corbett KS,
Seder RA, Edwards DK. 2021a. Serum neutralizing activity elicited by mRNA-1273 vaccine.
The New England Journal of Medicine 384(15):1468–1470 DOI 10.1056/NEJMc2102179.

Wu J, Zhang L, Zhang Y, Wang H, Ding R, Nie J, Li Q, Liu S, Yu Y, Yang X, Duan K, Qu X,
Wang Y, Huang W. 2021b. The antigenicity of epidemic SARS-CoV-2 variants in the United
Kingdom. Frontiers in Immunology 12:2205 DOI 10.3389/fimmu.2021.687869.

Xiong H-L, Cao J-L, Shen C-G, Ma J, Qiao X-Y, Shi T-S, Ge S-X, Ye H-M, Zhang J, Yuan Q,
Zhang T-Y, Xia N-S. 2020. Several FDA-approved drugs effectively inhibit SARS-CoV-2
infection in vitro. Frontiers in Pharmacology 11:609592 DOI 10.3389/fphar.2020.609592.

Yang R, Huang B, A R, Li W, Wang W, Deng Y, Tan W. 2020. Development and effectiveness of
pseudotyped SARS-CoV-2 system as determined by neutralizing efficiency and entry inhibition
test in vitro. Biosafety and Health 2(4):226–231 DOI 10.1016/j.bsheal.2020.08.004.

Yao R, Hou J, Zhang X, Li Y, Lai J, Wu Q, Liu Q, Zhou L. 2023. Targeted photodynamic
neutralization of SARS-CoV-2 mediated by singlet oxygen. Photochemical & Photobiological
Sciences 22(6):1–18 DOI 10.1007/s43630-023-00381-w.

Yi SA, Nam KH, Yun J, Gim D, Joe D, Kim YH, Kim H-J, Han J-W, Lee J. 2020. Infection of
brain organoids and 2D cortical neurons with SARS-CoV-2 pseudovirus. Viruses 12(9):1004
DOI 10.3390/v12091004.

Zhang L, Zhang Y, Wang R, Liu X, Zhao J, Tsuda M, Li Y. 2022. SARS-CoV-2 infection of
intestinal epithelia cells sensed by RIG-I and DHX-15 evokes innate immune response and
immune cross-talk. Frontiers in Cellular and Infection Microbiology 12:20667
DOI 10.3389/fcimb.2022.1035711.

Zhao D, Liu L, Liu X, Zhang J, Yin Y, Luan L, Jiang D, Yang X, Li L, Xiong H, Xing D, Zheng Q,
Xia N, Tao Y, Li S, Huang H. 2022. A potent synthetic nanobody with broad-spectrum activity
neutralizes SARS-CoV-2 virus and the omicron variant BA.1 through a unique binding mode.
Journal of Nanobiotechnology 20(1):411 DOI 10.1186/s12951-022-01619-y.

Zhou Y, Qu J, Sun X, Yue Z, Liu Y, Zhao K, Yang F, Feng J, Pan X, Jin Y, Cheng Z, Yang L,
Ha U-H, Wu W, Li L, Bai F. 2023. Delivery of spike-RBD by bacterial type three secretion
system for SARS-CoV-2 vaccine development. Frontiers in Immunology 14:1129705
DOI 10.3389/fimmu.2023.1129705.

Zhou Y-Q, Wang K, Wang X-Y, Cui H-Y, Zhao Y, Zhu P, Chen Z-N. 2022. SARS-CoV-2
pseudovirus enters the host cells through spike protein-CD147 in an Arf6-dependent manner.
Emerging Microbes & Infections 11:1135–1144 DOI 10.1080/22221751.2022.2059403.

Tan et al. (2023), PeerJ, DOI 10.7717/peerj.16234 17/17

https://covid19.who.int
http://dx.doi.org/10.1056/NEJMc2102179
http://dx.doi.org/10.3389/fimmu.2021.687869
http://dx.doi.org/10.3389/fphar.2020.609592
http://dx.doi.org/10.1016/j.bsheal.2020.08.004
http://dx.doi.org/10.1007/s43630-023-00381-w
http://dx.doi.org/10.3390/v12091004
http://dx.doi.org/10.3389/fcimb.2022.1035711
http://dx.doi.org/10.1186/s12951-022-01619-y
http://dx.doi.org/10.3389/fimmu.2023.1129705
http://dx.doi.org/10.1080/22221751.2022.2059403
http://dx.doi.org/10.7717/peerj.16234
https://peerj.com/

	The development and application of pseudoviruses: assessment of SARS-CoV-2 pseudoviruses
	Introduction
	Survey methodology
	Sars-cov-2 pseudovirus for studying virus-host interactions
	Pseudovirus-based neutralization assay
	Application of sars-cov-2 pseudovirus in drug screening and development
	Conclusions
	flink7
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


