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Nanomedicine has been extensively studied for its versatility and broad-
spectrum applications of theranostics in the research of respiratory disease.
However, to the best of our knowledge, a scientometrics study based on the
scientific knowledge assay of the overall situation on nanomedicine applied in
the research of respiratory disease has not been reported so far, which would be
of major importance to relevant researchers. To explore and exhibit the
research status and developing trend of nanomedicines deployed in basic or
clinical research in respiratory disease, the research ecosystem and exciting
subareas were profiled based on the massive data mining and visualization from
the relevant works reported from 2006 to 2021. Data were collected from the
Web of Science database. Data statistics software and bibliometric analysis
software were employed to visualize the research trend and the relationship
between respiratory diseases and nanomedicines in each representative
direction. The cluster analysis and burst detections indicated that the
improvement of drug delivery and vaccine developments are the up-to-date
key directions in nanomedicines for respiratory disease research and
treatments. Furthermore, we emphatically studied four branch areas in this
field including COVID-19, nanotube, respiratory syncytial virus, and mRNA
vaccine those are selected for in-depth mining and bibliometric coupling
analysis. Research trends signify the future focuses will center on preventing
respiratory diseases with mRNA vaccines using hanoparticle-based approaches.
We anticipate our study will enable researchers to have the panorama and deep
insights in this area, thus inspiriting further exploitations especially the
nanobiomaterial-based systems for theranostic applications in respiratory
disease treatment.
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1 Introduction

Air pollution, climate change and microbial infections are the
main factors causing respiratory diseases (Almetwally et al,
2020). Among the common diseases of high incidence, the
respiratory diseases inflict patients suffering from lung and
bronchial lesions, with the symptoms including making
cough, expectoration, breathing difficulties, asthma, and
respiratory disorders, which will gradually affect lung function
and lead to the lung dysfunction, respiratory failure and even
death (Moelling and Broecker, 2020). For most drugs treating
respiratory diseases, inhaler devices and strict formulations are
required using high technical requirements, so an smart and
effective design is highly demanded for respiratory drug delivery
(Newman, 2018).

Nanoparticles (NPs) are artificially or biomimetically
manufactured particles that can penetrate cell membrane and
spread along nerve cell synapses, blood vessels, and lymphatic
vessels (Mitragotri et al., 2015) so that they are widely applied in
disease diagnosis, treatments, and imaging (Singh and Lillard,
2009). Nano drug delivery systems can be armed with capabilities
oflocalized targeting and controlled drug release, which provides
a revolutionized way to diagnose and treat respiratory diseases
(Pison et al., 2006). The commonly used nanomedicines mainly
include liposomes (Komalla and Haghi, 2020), solid lipid
nanocarriers (Nassimi et al, 2010), polymer nanocarriers
(Smola et al., 2008), dendritic polymers (Stiriba et al., 2002),
inorganic nanocarriers (Liang et al, 2014), and protein
nanocarriers (Elzoghby et al, 2012), which served as the
versatile platforms for different therapeutics in fighting against
respiratory diseases. For example, chemotherapy drugs such as
doxorubicin (DOX) or paclitaxel (PTX) can be delivered through
liposomes to treat lung cancer (Landesman-Milo et al., 2015). In
addition, for treating the chronic obstructive pulmonary disease,
nanosystem-based drugs such as amikacin (AM) and gene
therapy have been shown remarkable enhancement in cell
targeting and therapeutic effectiveness (Li et al, 2020). This
area has attracted intensive attentions and several anti-lung
cancer nanomedicines have already been approved clinically
and Hardy, 2021).
tuberculosis (TB), which is the second leading infectious killer

(Norouzi For fighting against the
only after COVID-19, nanomedicines such as the cross-linked
poly-p-cyclodextrin (pBCD) has been applied as an efficient
carrier for delivering anti-TB drugs to the lung, which
promoted the apoptosis of macrophages and thus preventing
the infection process (Machelart et al., 2019). Apart from the
anti-TB applications, NPs can also be employed in the early
diagnosis of TB, a dot-blot immunoassay using the gold-copper
nanoshell was reported to monitor the early onset of tuberculosis
by detecting 10-kDa culture filtrate protein (CFP-10) (Welin
et al,, 2015). The current unending COVID-19 pandemic which
is caused by the severe acute respiratory syndrome-coronavirus-2
(SARS-CoV-2) virus has led to a huge number of infections and
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deaths in recent 2 years. The virus is highly transmittable but
presently incurable with no specific remedies, which makes the
preventive vaccines such vital to contain the virus. In the
of anti-SARS-CoV-2 vaccines, NPs
performed their dispensable roles. mRNA-lipid nanoparticles

developments have
(LNPs) have recently been propelled onto the center stage of
therapeutic platforms due to the success of the SARS-CoV-
2 mRNA LNP vaccines (mRNA-1273 and BNT162b2) (Kon
et al, 2022). LNPs provide a promising direction for
developing the SARS-CoV-2 vaccines and other vaccines for
the incurable virus-infected diseases (Moitra et al., 2020).
Similarly, another novel NPs-based vaccine has been also
applied for combating against another deadly respiratory
virus, middle east respiratory syndrome coronavirus (MERS-
CoV), in this formulation, the delivery of interferon (IFN) gene
agonists and irritant subunits of viral antigens were based on the
poly (lactic-co-glycolic acid) (PLGA) hollow nanocarrier (Lin
et al.,, 2019).

In the past 2 years, increasing efforts have contributed to the
studies of nano theranostics for the unmet needs of fighting
against the epidemic of SARS-CoV-2. Some reviews published
previously mainly discussed various applications of nanoparticles
applied in respiratory diseases or disorders, the research status of
nanocarriers based on the physicochemical properties (Luo et al.,
2021), as well as the advantages and disadvantages of applying
nanotechnology (Omlor et al, 2015; de Menezes et al., 2021;
Zhong et al., 2021). However, these reviews have not done an
analysis of the state of the research at different times and the
popularity of different themes in a visualized and panoramic
manner. To our knowledge, there has no bibliometric analysis of
nanomedicine used in respiratory diseases been reported so far.
To this aim, this study mainly focuses on the visualized analysis
of multiple fields crossing between the nanomedicine and
respiratory diseases, we quantitatively analyzed and map all
the published literatures, explored the whole developing
hotspot, and foresee the evolutional and future development
trend.

2 Data and methods
2.1 Data acquisition

Web of Science Core Collection (WoSCC) is one of the
largest and most comprehensive academic databases covering
the most disciplines, including the most influential core
scholarly journals in natural science, engineering
technology, biomedicine, and other research fields (Wang
et al., 2014). In addition to searching literature, it can also
provide important information on citation index. Researchers
can use the retrieval function of the citation index, catch up
with the research status of a particular field and obtain

relevant information from global academic community
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through WOS. In this study, respiratory diseases and
nanoparticles are our primary research subjects, therefore
the retrieval query was set as “TS = (respiratory disease*
OR respiratory disorder*) AND TS = (nanoparticle* OR
nanocarrier* OR nanomedicine*)” for data search and
analysis. The search of the core collection on topics related
to respiratory diseases and nanoparticles from 2006 to
2021 hit 1,125 records of published articles. Data were
exported with the text files formatting with full details
the
keyword, date, cited reference, etc.

including author, institution, country, abstract,

2.2 Method

Microsoft EXCEL 2016 was used for statistical analysis and
graph plotting. Bibliometric analysis and data visualization
were carried out using two bibliometric tools, CiteSpace
(Chen, 2006) and VOSviewer (van Eck and Waltman, 2010).
In this study, CiteSpace was used to 1) overlap the country and
author’s dual map; 2) analyze the publishing keywords; 3)
analyze the co-citation; 4) analyze the references for several
prominent keywords; and 5) analyze and quote the top-cited
references. In the keyword analysis, the centrality was
determined according to the frequency of simultaneous
citation in the coupling analysis of cited literature with
different subject words.

The bibliographic coupling assay is carried out in the
software, CiteSpace, which gives indicators to evaluate the
clustering. The indicator used to evaluate the significance is
the silhouette coefficient (S(i) in the Egs. 1, 2) (Goh et al,
2002), and the centrality indicator for the nodes of the co-
citing network is betweenness centrality or centrality (pj in
the Eq. 3) (Newman, 2005). These two indicators are defined
in the following Eqs 1-3

1-a(i)/b@), ifa(i)<b(i),

S@E) =140, ifa(i)=>b(), (1)
b(i)/a() -1, if a(i)>b(i)
-1<s()<1 (2)
, _ P ()
Centrality (node;) = Z#J‘#k ;jk 3)

In Eq. 1, for each datum i in dataset, a(i) is the average
distance of i from all other data within the same cluster, b (i) is
the lowest average distance of i from any other cluster of which
iis not a member, and S (i) is the silhouette coefficient and falls
in the range of [-1, 1], as shown in Eq. 2. In Eq. 3, Pjk
represents the number of shortest paths between node j and
node k, and pj (i) is the number of those paths passing
through the node i. At the document level, the importance
of each document in a co-citing network can be partially
evaluated by the indicator centrality.
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3 Results and discussion
3.1 Annual publications and citations

Basically, the publications are wildly recognized as the
referable index for showcasing a specific research field. To
the of
nanomedicines used in the respiratory disease in recent

understand developments and research trends
two decades from a macro perspective, the timespan ranging
from 2006 to 2021 was set to retrieve data from the database
WoSCC for the following assays.

Annual publications and citations can directly reflect the
historical trend of a specific research field. After a series of
literature screenings, 1,125 published items were retrieved.
Publication distribution and citation frequency are shown in
Figure 1A. As we can see, in the past 15 years, despite no
significant growth from 2017 to 2019, the annual publications
in this area showed an ascending tendency. Noteworthily, the
number of articles published in 2020 showed a sharp increase,
with the number of publications doubling that of last year, it
maintained this trend of rapid growth in 2021. The citations also
exhibited the same tendency as the publication distribution.
total 41,627 with

39,901 times after removing self-citations, reaching an average

Cumulative citations ~ were times,
of 36.77 citing times per publication. Furthermore, a non-linear
simulation of the inclination of publications was conducted, as
shown in Figure 1B, it reveals that the growth pattern in
Figure 1A appears closer to the logistic or exponential
function, with R® values larger than 0.95, which indicates
good fittings of the non-linear moldings. The statistical
indicators in Figure 1B are shown in the Supplementary Table
S1, the exponential regression (R* = 0.972) appears to be the best
fitting curve, to which the logistic fitting (R* = 0.959) is very close.

It should be noted that in the last 2 years, publication
numbers in 2020 and 2021 almost doubled compared to the
last year, respectively, which reflects the sharply growing
attentions in this area in recent 2years of COVID-19

pandemic have contributed to large amount of research output.

3.2 Analysis of countries, regions and
institutions

A geographical distribution map depicting each country’s
contribution is visualized as shown in Supplementary Figure S1A
with 20 countries counted. According to the color brightness, it
can be observed that most of the studies are mainly from the
United States, People’s Republic of China, India and Australia
etc. Most research papers have been published in Europe and the
United States, where research on respiratory diseases and
nanoparticles is most active. Specifically, as shown in
Supplementary Table S2, the United States published the most
papers with the highest citation in this field. India has the second-
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FIGURE 1

Analysis of annual publications and citations. (A) Annual distribution of publications and citations in the area of nanoparticles used in respiratory
diseases. (B) The fitting curves of publications on nanomedicines used in respiratory diseases in WOS (2006—-2015).

highest number of articles published. Predictably, the number of
documents in People’s Republic of China may increase shortly.

Collaboration is an important way to enhance research
quality and productivity. As shown in Supplementary Figure
S1B, the United States has the most links with other countries,
followed by China, Germany etc. In addition, according to the
density of crossed lines, research links between European
countries are much closer than other areas. Asian countries
have fewer communications with other countries except for
People’s Republic of China and India. It is anticipated that
more Asian countries will be seen participate in this field in
the short run.

To analyze each country’s contribution over time from
2006, SIC. The
United States has been involved in this area since 2006,

as shown in Supplementary Figure
which is the earliest, and continued to contribute in the
following years. After the year of 2006, especially from
2007 to 2011, a large number of other countries started to
participate in this area. Since 2015, Asian countries such as
Malaysia began to research in this area.

To analyze the institutions that contributed to the field,
Supplementary Figure S2A sketched via Citespace has shown
the most prolific institutions including University Technology
Sydney, Chinese Academic of Science, University of Maryland,
which are conspicuous with large font, indicating that they have
made major contributions to this area. The influence can be
indicated through their number of publications, which also have
drawn high citations.

Institutions, their affiliated countries, and their research
directions are shown in Supplementary Figure S2B, show
countries with a representative institute and the major
direction, the majority of research were produced from
academic institutions and only a few biopharma companies
such as BioNTech.
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3.3 An overview of research hotspots and
frontiers

3.3.1 Analysis of keywords

Keywords represent the main themes and core substance
of a specific publication, which also enable us to legibly
recognize hot research themes in the co-occurrence analysis
of a specific area. By counting the minimum frequency
occurrence more than 5 times, 447 keywords were selected
for the quantitative analysis. Figure 2 represented the overlay
visualization map of the most frequently used keywords in this
area. The size of each node shows the keyword centrality, that
means large nodes with more branches have high centrality of
this keyword.

There are six clusters with six colors. The red colored
cluster 1 contains 117 keywords, such as “drug delivery” and
“in vitro”. Generally, nanoparticles are used in different
delivery methods, especially for the purpose to target
organs or cells (Wilczewska et al., 2012), thus “delivery” is
avery important keyword. The green colored cluster 2 consists
of 113 projects related to nanoparticles, “inflammation” and
“oxidative stress”, which are key keywords significantly
affecting the normal function of the respiratory system. The
blue colored cluster 3 has 102 keywords, mainly focus on the
delivery of nanoparticles, “COVID-19” is the largest node and
the hottest keyword. COVID-19 and coronavirus those are
newly emerging hotspots, because of the current COVID-19
epidemic, which may continue to be intensively studied.
Clusters 4, 5, and 6 are the smaller clusters with 85, 39,
and 16 keywords, respectively, which particularly display
the research aspects in nanovaccine against infections
(yellow cluster), nanotoxicity and disease resistance (purple
and inhalation approaches cluster),

cluster), (cyan

respectively.
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The network map of the keyword clusters in the area of nanoparticles used in respiratory diseases.
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3.3.2 Analysis of co-citation references

The co-citation analysis of references can evaluate the
evolution and trace the developmental frontiers of any
subjects. The data was imported into VOSviewer. A
visualization graph of cited references was plotted shown in
Figure 3A, 1,125 documents forming the
corresponding nodes. The results indicated for the highest
cited document, Polack verified the safety and efficacy of the
COVID-19 vaccine produced by BioNTech and Pfizer (Polack
et al., 2020). The third most cited document is also about the
safety and efficacy of a COVID-19 vaccine developed by the
company Moderna (Baden et al., 2020). These two companies
developed COVID-19 vaccines, both wusing the LNP-
formulated mRNA vaccines expressing the SARS-CoV-
2 antigen domain. It can be inferred that since the
outbreak of COVID-19, researchers have shifted enormous
interests to the safety and effectiveness of COVID-19
vaccines.

there are

The document shown by the second-largest node is about
nanoparticles’ origin, activity and biological toxicity (Buzea et al.,
2007). Another review on the toxicity of CNTs also has a large
number of citations (Lam et al, 2006). The toxicity of
nanoparticles has been a hot topic of research for a long term.
In specific, the particulate matter (PM) and nanoparticles (NPs)
can generate oxidative stress and thus causing the oxidant injury
(Li et al., 2008), which has been extensively studied in the area of
nanotoxicology.
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In Figure 3B, influential and representative nodes with many
emanative arcs linked 4 clusters and 64 items. The first clusters
mainly comprise the articles published in recent 2 years
concerning on how the SARS-CoV-2 virus invades the human
body and how to treat the infection (Hoffmann et al., 2020).
COVID-19 has been the core research hotspot that drew more
and more efforts. For example, inhaled drugs are designed to be
administrated through the lungs, which is principal for the
delivery systems of drugs targeting the lung tissue (Patton and
Byron, 2007). For the study of pulmonary delivery mechanisms,
one exemplified article (Patton, 1996) demonstrated another
hotspot of pulmonary drug delivery using NPs.

Furthermore, a citation relationship is formed when two or
more references are cited in the same document. In Figure 3C,
citation analysis clusters displayed clustering keywords and
literature citation network, providing 3,230 links among
them, 13 clusters in total, and the centrality values of each
node were listed in Supplementary Table S3. Modularity value
(Q-value) and mean silhouette value (S-value) are two
significant elements to evaluate the community structure,
Q > 0.3 and S > 0.7 are denoted to a significant clustering
(Lietal, 2021). In this study, the Q-value was 0.8403, indicating
the rationality of this network. The mean S-value was 0.9452,
suggesting the good dispersity of these clusters. Figure 3C
visualized the keywords including “COVID-19,” “carbon
“mRNA,”  “RSV,”  “fish,”
“alginate,” “respiratory diseases,” “human health,” “mucosal

nanotube,”  “inflammation,”
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Analysis of the co-cited reference. (A) Visualization graph of cited references. (B) The connection between references. (C) Co-citation
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vaccine,” “contrast medium,” and “siRNA,” some of which are
nanomedicines used in the research of respiratory disease
diagnosis, prevention and treatment. Mucus clearance is the
basic defense to protect the respiratory system from inhaling
infectious or toxic substances (Button et al., 2012). Through the
citation analysis, three papers about COIVD-19 have been cited
mostly, showing that the research on COVID-19 is mostly based
on fundamental medical research. A review paper with the
highest the

introduced some novel preparation methods using various

centrality on nanoparticle-based vaccines
nanoparticles such as virus-like particles and protein-like
which differs
traditional vaccine and showed promising efficacy in
2019).
causes

particles to deliver antigens, from the
preventing respiratory diseases (Al-Halifa et al,
Another study elucidated how the RSV virus
respiratory tract infections those are probably related to the
seasonal change (Garlapati et al., 2012), which has a very high
centrality of 0.35 among those references.

To investigate the evolutionary trend of the main topics and
their interactions, the timeline of the references has also been
mapped. As shown in Figure 3D, the inflammation has always
been a focal topic in the biomedical area due to its universal
existence  in circumstances.

many  physiopathologic

Considering that nanoparticles can also enter the healthy
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tissues through the respiratory tract, causing unhealthy
the the
inflammation has undoubtedly become the research focus in

reactions  including inflammation,  hence
the progress of inhalation-induced diseases. Especially with the
changes in the ecosystems and environment, including air
pollution, particularly the toxic compounds carried by PM,
and other factors including the unhealthy habits like smoking,
second-hand smoke, those have been demonstrated to be
significantly associated with the occurrence of respiratory
inflammation and even lung cancers (Arias-Pérez et al,
2020). The air quality seems to get deteriorate if without
and the

studies on the hazardous airborne NPs with pathogenicity

effective interventive measures taken, intensive
and or favorable artificial NPs for therapeutic research, will
continue to grow with considerable speed in the future time,
which will benefit us to research and treat the respiratory
inflammation and other diseases. While in the specific era of
COVID-19, the mRNA, LNPs as well as respiratory syncytial
virus became the hotspots simultaneously. The research on
those topics will last for an extended period since the epidemic
remains unfinalized. It is prospective that in the area of drug
delivery or diagnosis of respiratory disease, nanoparticles will
keep being of great importance to developing -effectual
treatments.

frontiersin.org


https://www.frontiersin.org/journals/bioengineering-and-biotechnology
https://www.frontiersin.org
https://doi.org/10.3389/fbioe.2022.1053653

Yang et al. 10.3389/fbioe.2022.1053653

A B
#6 covnd 19 disease

uch $ (2018) \ A
Pardi N (2015) Dockery DW (2005)

ooy e
A \Mitchell LA (2009)

#4 ot D EORH1) enyiﬁ?nnfental health
/ ® sirna —r
N4 * (#5,b|osennsno(”["§m\nmmzo’ . cnu’w“w(;&, pard.my(ms) #‘11151»"": (ms;'I
D gg%sﬂe’gg?lentmu 52020 g = . #5's Iver‘oonaldasoun K?ZDEN agy
Wang WL (2020) 3in: anomaterlals #10 carbon na%?tlr’lgnotoxmny
N\ UdugamalF (2020) ‘m{‘}* (2005; @mnd s (2012)
#1 pharmacod namics st
“ #0)’| n ‘V|t|’g * Alberg T mufh ey Ryhm/umn JP (2009) "mmm" AR
Welss € (2020)13.iz Hitzky E (2020) QIB" #ZSsaMu?rgy ghamea ot .'
X#ﬂ nanozyme #6 health risk #13 np ex po-SOﬁelv.dévn«G(zoos)
Mndhl R (2020) Borm PJA (No‘kﬂl\lgn LMY[(2009) rook RL* (201

#3 toxicity e T éwm"mm

 Alfaro-Moreno E (2008)1 .
Y #12 phagocytes Manke A (2013)

o\ §lMonopoli WP (2012)
Lo J (2018)

c o &

Zhou P (2020)
Hottmann 4 2020 VACCINE development
Rauch 8 (2018) ROMEK PR 2029)
#5 mrna vaccines
mnﬁ‘uﬁ)‘&,’"""" M (2017) 8 warsh (20
B, #2 animal-model application
B [#0F severe acute respiratory syndrome coronavirus-2

.
#4.sf9 cells,
Blanken MO (2013), o

‘ s.mmlwzom,#s gu|neaqp|g
N Clam GH (2013 g gAHalla S 201
#2 live-atte nuated wrus%"f“'" il

Brady MT (2014) . nghunlndlnR(ZMl#

6'respiratory viruses
Falloon J (2016 #0 therapg tics P L/

Lo TT {2020

Marcanaalll’J (2019)
®.9 ¢

»
(Munoz FM (2019)
]

FIGURE 4
Bibliogarphic coupling analysis charts based on second-level analysis of different subareas. (A) COVID-19. (B) carbon nanotube. (C) RSV.
(D) mRNA vaccine.

3.3.3 Analysis of the citation bursts frequently for a long time, in briefly, this article conceptually

To capture the rapid increases of popularity of the introduced nano-toxicology and how nano-toxicology is
references or keywords within a period, the top 25 cited derived, providing many fundamental viewpoints with vital
literature were analyzed, and the results were shown in significance to guide the follow-up research. At present,
Supplementary Figure S3. The dark green dashes in the chart several nanoparticle-based vaccines have been in the stage of
represent the time when a paper published and the red dashes clinical research, and mRNA vaccines show a rapid growing
represent the year when the paper was cited prevailingly, while trend from 2018 to 2021 (August et al, 2017). With the
the light ones show the years the paper have not been published development of nanovaccine technology, the demand for
yet. The rapid development of nanotechnology increased the nanoparticle-based vaccine studies in clinical would be
awareness to study risk of respiratory diseases, so the subject of increasingly growing. For instance, a study published in
nanotoxicology is found bursting, which concentrates on the 2016 reported the nanovaccine for women at childbearing
evaluation of the safety and toxicity of engineered age against respiratory syncytial virus (RSV) that under
nanostructures (Oberdorster et al.,, 2005). Hence, from clinical research, it was highly cited as soon as it was
2006 to 2013, the highly cited articles investigated the published, demonstrating that this paper provided a rational
toxicity and safety of nanoparticles, researchers in this design for most of the studies in clinical trials of RSV
period primarily focused on the toxicity of nanoparticles. An nanovaccine. In particular, it will inspire the following
article (August et al., 2017) on nanotoxicology has been cited research and more importantly the clinical trials of RSV
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nanoparticle-based vaccine (Glenn et al., 2016). Implicating by
the trend of citations, there will be more clinical studies of
nanoparticle-based vaccines for respiratory diseases in the
future.

3.3.4 Analysis of representative subareas via
bibliographic coupling analysis

To further understand some prevalent subareas among the
hottest keywords, COVID-19, carbon nanotube, RSV and mRNA
vaccine representing four critical subareas were selected to run
bibliographic coupling for the following in-depth analysis
(Supplementary Table S4; Figure 4). The centrality values of
each node were listed in Supplementary Tables S5, S7, S9, S11.

The statistics results of bibliographic coupling analysis are
initially summarized in Supplementary Table S4. The outputs of
bibliographic coupling of the relevant articles in the different
areas were listed in Supplementary Tables S6, S8, S10, S12. The
means of silhouette coefficients in four selected subareas range
from 0.84-0.97, which are all close to the maximum value of 1,
suggesting that all analyses are significant (Wilczewska et al.,
2012). The proportions of the coverage articles in the clustering
outputs all exceed 98% in the four subareas. However, the largest
subarea COVID-19 is in fact larger than the other three
altogether, its mean silhouette coefficient appears to be the
smallest one. To visualize the four branch areas of the
relevant research in the bibliographic coupling analyses, more
comprehensive details are elaborated in the following illustration.

Diagnosis, virus detection, nanomaterials, mRNA vaccines,
treatment and prevention are the core research hotspots related
to the keyword COVID-19, as shown in Figure 4A, which
presents the nanotechnological involvements in the COVID-
19 research. As seen from the Supplementary Table S5, the latest
report compared pre-COVID-19 nanomedicines with newly
approved nanomedicines for COVID-19, releasing clinical trial
data of unapproved nanomedicines including those for
respiratory diseases, which provided a broad overview of the
current clinical state of nanotechnology (Anselmo and
Mitragotri, 2021). Due to the rapid speed of transmission, the
rapid diagnostic tests for SARS-CoV-2 virus are urgently vital, to
this demand, the gold antibody nanoparticles were designed to
diagnose SARS-CoV-2 infection in high-risk patients. By using
these gold antibody nanoparticles, diagnosis can be obtained
without sending samples to a centralized laboratory, therefore
minimizing the training requirements. Because these devices can
be manufactured, stored and distributed efficiently and at low
cost, they are beneficial for informing decision-making as long as
positive antibody tests are detected (La Marca et al, 2020).
Inhalation has been demonstrated as an efficient route for
nanomedicine administration, especially when applied to
respiratory diseases, for example, the inhaled delivery of silver
inhibited
proliferation of Staphylococcus aureus SARS-CoV-2 and novel
influenza A (H3N2) (Zachar, 2020). In addition, the extensive

nanomedicine respiratory bacterial and viral
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research on the infection mechanisms of SARS-CoV-2 has largely
inspired the development of other vaccines, such as the mRNA
vaccine designed against Middle East Respiratory Syndrome (Liu
et al., 2020).

For the keyword CNT (Figure 4B; Supplementary Table S7),
in fact, the main research essence behind can be concluded to be
nanotoxicity, biological monitoring, and allergy. The researchers
focused on the lung toxicity of carbon nanotubes mainly
investigated the toxicity monitoring of carbon nanotubes and
the causes of toxicity (Lam et al, 2006). In addition, the
toxicological studies mainly estimate the adverse effects of
carbon nanotubes on the human respiratory tract and
eventually the human health (Madl and Pinkerton, 2009). The
latest research uses carbon nanotubes as nanosensors to detect
nitric oxide (NO) gas to monitor respiratory diseases because NO
can stimulate respiratory organs, cause acute and chronic
poisoning, affect and harm human health (Jeong et al., 2021)
Also, carbon nanotubes could be used as a filter to remove
harmful particles from the air and human respiratory tract
(Issman et al., 2021). Although adverse effects of CNT on
human respiratory tract were recognized, recently, studies
have shown that CNT can also be employed as nanomedicine
to protect the human respiratory tract (Kang et al., 2009; Park
and Hwang, 2014). This inspires us carbon nanotubes can also be
repurposed to detect pollutants, which helps to monitor the risks
of airborne hazardous materials and prevent the development of
respiratory diseases.

Respiratory Syncytial Virus (RSV) is the leading cause of
lower respiratory tract infection (RTI) in young children (Wolf
et al, 2006), which is also highly contagious and can be
transmitted from person to person. To illustrate this subarea,
we conducted a second-level analysis of RSV cluster. As shown in
Figure 4C and Supplementary Table S9, keywords such as the
spodoptera frugiperda (sf9) cells and guinea pigs, which are used
as models to produce RSV viral particles for vaccine. To be
specific, RSV fusion surface glycoprotein was modified and
cloned into a baculovirus vector, followed by transduction the
sf9 cells. Recombinant glycoproteins are glycosylated and cleaved
into peptides in the sf9 cells. Viral nanoparticles with fusion
surface glycoproteins were then extracted and purified from
sf9 cells, which can be applied as the RSV vaccines (Smith
et al, 2012). The production of RSV viral vaccines can be well
implemented, while the issue of delivery became challenging,
thus recently much research attention has been shifted in
developing vaccine delivery methods, vaccine nanocarriers,
etc. (Karron, 2021).

As one of the most state-of-the-art delivery approaches, the
successful development of the LNP-based SARS-CoV-2 mRNA
vaccines brought about a revolutionary era of mRNA
therapeutics for infectious respiratory diseases. In the map of
mRNA vaccine keyword shown in Figure 4D, the research focus
is mainly on RSV virus, influenza virus, and the research of using
LNPs for delivery. As shown in Supplementary Table S11,
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researchers began to focus on preparing mRNA vaccines and
using nanoparticles as the carrier for vaccine delivery, aiming to
improve physical stabilities of nanoparticles, the immunogenicity
of mRNA vaccines as well as the preparation process (Hassett
et al, 2021). Among the nanoparticles used as the mRNA
delivery, LNPs is a state-of-the-art carrier, which was
demonstrated to remarkably facilitate cellular uptake, enhance
delivery and vaccination efficacy (Nitika and Hui, 2021). Apart
from the LNPs, other nanoparticles such as cationic polymeric
vectors (Yue and Wu, 2013) in formulating the mRNA vaccines
are also being studied extensively as well to overcome current
patent barriers of LNPs (Alabi et al., 2013). Thus, more research
will be focused on fabricating more efficient nanoparticles that
can improve the safety and immunogenicity of the nano-
vaccines.

4 Discussion

To this
increasingly important area, this study investigated to show

comprehensively =~ summarize emerging and
the whole landscape and focus some major and urgent branch
fields. However, some limitations of this study should be
acknowledged. This work was based on dataset from public
databases, the biases resulting from confounding factors might
exist. In addition, we made conclusions based on the published
articles. Such strategy has ignored those works published as
patents, which may be also very important for research and
development. However, WoSCC was the mostly used database
for scientometrics research, and it comprised different journals
all over the world, which ensures our present study rationally
reflect the whole scenario of this area. Different scientometrics
studies were performed based on articles on nanoparticles used in
respiratory diseases from 2006 to 2021. It can be concluded that
respiratory diseases and nanoparticles have become prominent
research hotspots in recent years. Drug delivery and the
preparation of vaccines using nanoparticles as carriers are the
cutting-edge directions in this research area. Despite the adverse
impacts of nanoparticles that would cause respiratory diseases,
the other advantages of nanomedicine could offer potent
alternatives to combat the diseases. Nano-based drugs and
nucleic acids based nanovaccines have been studied and
developed very rapidly and seen the promising success in
recent 2 years. Overall, we believe our study has presented the
constructive view in this area, allowing for referrable and
predictable results for the relevant researchers. We envision
that more nanotechnology will get involved in studying or
treating different respiratory diseases in the ongoing period of
coronavirus pandemic and even a long term post the end of this
pandemic.

Frontiers in Bioengineering and Biotechnology

09

10.3389/fbioe.2022.1053653

Data availability statement

The original contributions presented in the study are
the further
inquiries can be directed to the corresponding authors.

included in article/Supplementary Material,

Author contributions

CX and WC proposed the conception and structure of this
study. YY, DL, JH, and YZ did the literature search, data mining
and processing, and software running. YY and DL drafted the
manuscript. IM, CX, and WC reviewed and revised the

manuscript.

Funding

This work was supported by the High-level University
Construction Fund of Guangdong Province under grants
(Nos 06-410-2106154, 06-410-2106153, 06-410-2107232,
02-410-2206298), and the fund (No. 202201010378) from
Guangzhou Science and Technology Bureau, the fund
(No. GHMJLRID-Z-202113) from Guangdong-Hongkong-
Macao Joint Laboratory of Respiratory Infectious Disease
for WC.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fbioe.2022.
1053653/full#supplementary-material

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fbioe.2022.1053653/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fbioe.2022.1053653/full#supplementary-material
https://www.frontiersin.org/journals/bioengineering-and-biotechnology
https://www.frontiersin.org
https://doi.org/10.3389/fbioe.2022.1053653

Yang et al.

References

Alabi, C. A, Love, K. T., Sahay, G, Yin, H., Luly, K. M., Langer, R, et al. (2013).
Multiparametric approach for the evaluation of lipid nanoparticles for siRNA
delivery. Proc. Natl. Acad. Sci. U. S. A. 110 (32), 12881-12886. doi:10.1073/pnas.
1306529110

Al-Halifa, S., Gauthier, L., Arpin, D., Bourgault, S., and Archambault, D. (2019).
Nanoparticle-based vaccines against respiratory viruses. Front. Immunol. 10, 22.
doi:10.3389/fimmu.2019.00022

Almetwally, A. A, Bin-Jumah, M., and Allam, A. A. (2020). Ambient air pollution
and its influence on human health and welfare: an overview. Environ. Sci. Pollut.
Res. 27 (20), 24815-24830. doi:10.1007/s11356-020-09042-2

Anselmo, A. C,, and Mitragotri, S. (2021). Nanoparticles in the clinic: An update.
Bioeng. Transl. Med. 6 (3), e10143. doi:10.1002/btm2.10143

Arias-Pérez, R. D., Taborda, N. A., Gémez, D. M., Narvaez, J. F., Porras, J., and
Hernandez, J. C. (2020). Inflammatory effects of particulate matter air pollution.
Environ. Sci. Pollut. Res. 27 (34), 42390-42404. doi:10.1007/s11356-020-10574-w

August, A, Glenn, G. M., Kpamegan, E., Hickman, S. P., Jani, D., Lu, H,, et al.
(2017). A Phase 2 randomized, observer-blind, placebo-controlled, dose-ranging
trial of aluminum-adjuvanted respiratory syncytial virus F particle vaccine
formulations in healthy women of childbearing age. Vaccine 35 (30),
3749-3759. doi:10.1016/j.vaccine.2017.05.045

Baden, L. R, El Sahly, H. M., Essink, B., Kotloff, K, Frey, S., Novak, R, et al.
(2020). Efficacy and safety of the mRNA-1273 SARS-CoV-2 vaccine. N. Engl.
J. Med. Overseas. Ed. 384, 403-416. doi:10.1056/nejmoa2035389

Button, B., Cai, L.-H., Ehre, C., Kesimer, M., Hill, D. B., Sheehan, J. K., et al.
(2012). A periciliary brush promotes the lung health by separating the mucus layer
from airway epithelia. Science 337 (6097), 937-941. doi:10.1126/science.1223012

Buzea, C., Pacheco, I. I, and Robbie, K. (2007). Nanomaterials and nanoparticles:
sources and toxicity. Biointerphases 2 (4), MR17-MR71. doi:10.1116/1.2815690

Chen, C. (2006). CiteSpace II: Detecting and visualizing emerging trends and
transient patterns in scientific literature. . Am. Soc. Inf. Sci. Technol. 57 (3),
359-377. doi:10.1002/asi.20317

de Menezes, B. R. C., Rodrigues, K. F., Schatkoski, V. M., Pereira, R. M., Ribas, R.
G., do Amaral Montanheiro, T. L., et al. (2021). Current advances in drug delivery of
nanoparticles for respiratory disease treatment. J. Mater. Chem. B9 (7), 1745-1761.
doi:10.1039/d0tb01783¢

Elzoghby, A. O., Samy, W. M., and Elgindy, N. A. (2012). Protein-based
nanocarriers as promising drug and gene delivery systems. J. Control. release
161 (1), 38-49. doi:10.1016/j.jconrel.2012.04.036

Garlapati, S., Garg, R., Brownlie, R., Latimer, L., Simko, E., Hancock, R, et al.
(2012). Enhanced immune responses and protection by vaccination with
respiratory  syncytial ~ virus  fusion protein  formulated with CpG
oligodeoxynucleotide and innate defense regulator peptide in polyphosphazene
microparticles. Vaccine 30 (35), 5206-5214. doi:10.1016/j.vaccine.2012.06.011

Glenn, G. M, Fries, L. F,, Thomas, D. N., Smith, G., Kpamegan, E., Lu, H,, et al.
(2016). A randomized, blinded, controlled, dose-ranging study of a respiratory
syncytial virus recombinant fusion (F) nanoparticle vaccine in healthy women of
childbearing age. J. Infect. Dis. 213 (3), 411-422. doi:10.1093/infdis/jiv406

Goh, K.-I,, Oh, E,, Jeong, H., Kahng, B., and Kim, D. (2002). Classification of
scale-free networks. Proc. Natl. Acad. Sci. U. S. A. 99 (20), 12583-12588. doi:10.
1073/pnas.202301299

Hassett, K. J., Higgins, J., Woods, A., Levy, B., Xia, Y., Hsiao, C. J., et al. (2021).
Impact of lipid nanoparticle size on mRNA vaccine immunogenicity. J. Control.
Release 335, 237-246. doi:10.1016/j.jconrel.2021.05.021

Hoffmann, M., Kleine-Weber, H., Schroeder, S., Kriiger, N., Herrler, T., Erichsen,
S., et al. (2020). SARS-CoV-2 cell entry depends on ACE2 and TMPRSS2 and is
blocked by a clinically proven protease inhibitor. Cell 181 (2), 271-280.e8. doi:10.
1016/j.cell.2020.02.052

Issman, L., Graves, B., Terrones, J., Hosmillo, M., Qiao, R., Glerum, M., et al.
(2021). Filtration of viral aerosols via a hybrid carbon nanotube active filter. Carbon
183, 232-242. d0i:10.1016/j.carbon.2021.07.004

Jeong, D.-W., Kim, K. H,, Kim, B. S,, and Byun, Y. T. (2021). Characteristics of
highly sensitive and selective nitric oxide gas sensors using defect-functionalized
single-walled carbon nanotubes at room temperature. Appl. Surf. Sci. 550, 149250.
doi:10.1016/j.apsusc.2021.149250

Kang, S., Mauter, M. S., and Elimelech, M. (2009). Microbial cytotoxicity of
carbon-based nanomaterials: implications for river water and wastewater effluent.
Environ. Sci. Technol. 43 (7), 2648-2653. doi:10.1021/es8031506

Karron, R. A. (2021). Preventing respiratory syncytial virus (RSV) disease in
children. Science 372 (6543), 686-687. doi:10.1126/science.abf9571

Frontiers in Bioengineering and Biotechnology

10.3389/fbioe.2022.1053653

Komalla, V., and Haghi, M. (2020). “Liposomes in the treatment of chronic
respiratory conditions,” in Targeting chronic inflammatory lung diseases using
advanced drug delivery systems (Elsevier), 375-392.

Kon, E., Elia, U., and Peer, D. (2022). Principles for designing an optimal mRNA
lipid nanoparticle vaccine. Curr. Opin. Biotechnol. 73, 329-336. doi:10.1016/j.
copbio.2021.09.016

La Marca, A., Capuzzo, M., Paglia, T., Roli, L., Trenti, T., and Nelson, S. M. (2020).
Testing for SARS-CoV-2 (COVID-19): a systematic review and clinical guide to
molecular and serological in-vitro diagnostic assays. Reprod. Biomed. Online 41 (3),
483-499. doi:10.1016/j.rbmo.2020.06.001

Lam, C.-w., James, J. T., McCluskey, R., Arepalli, S., and Hunter, R. L. (2006). A
review of carbon nanotube toxicity and assessment of potential occupational and
environmental health risks. Crit. Rev. Toxicol. 36 (3), 189-217. doi:10.1080/
10408440600570233

Landesman-Milo, D., Ramishetti, S., and Peer, D. (2015). Nanomedicine as an
emerging platform for metastatic lung cancer therapy. Cancer Metastasis Rev. 34
(2), 291-301. doi:10.1007/s10555-015-9554-4

Li, N., Xia, T., and Nel, A. E. (2008). The role of oxidative stress in ambient
particulate matter-induced lung diseases and its implications in the toxicity of
engineered nanoparticles. Free Radic. Biol. Med. 44 (9), 1689-1699. doi:10.1016/j.
freeradbiomed.2008.01.028

Li, Z,, Luo, G., Hu, W. P, Hua, J. L., Geng, S., Chu, P. K,, et al. (2020). Mediated
drug release from nanovehicles by black phosphorus quantum dots for efficient
therapy of chronic obstructive pulmonary disease. Angew. Chem. Int. Ed. Engl. 59
(46), 20749-20757. doi:10.1002/ange.202008379

Li, K. L., Chen, Y. M., Wang, X. Q., and Hu, H. Y. (2021). Bibliometric analysis
of studies on neuropathic pain associated with depression or anxiety published
from 2000 to 2020. Front. Hum. Neurosci. 15, 729587. d0i:10.3389/fnhum.2021.
729587

Liang, R., Wei, M., Evans, D. G., and Duan, X. (2014). Inorganic nanomaterials
for bioimaging, targeted drug delivery and therapeutics. Chem. Commun. 50 (91),
14071-14081. doi:10.1039/c4cc03118k

Lin, L. C. W, Huang, C. Y., Yao, B. Y., Lin, J. C., Agrawal, A., Algaissi, A.,
et al. (2019). Viromimetic STING agonist-loaded hollow polymeric
nanoparticles for safe and effective vaccination against Middle East
respiratory syndrome coronavirus. Adv. Funct. Mater. 29 (28), 1807616.
do0i:10.1002/adfm.201807616

Liu, C., Zhou, Q,, Li, Y., Garner, L. V., Watkins, S. P., Carter, L. J., et al. (2020).
Research and development on therapeutic agents and vaccines for COVID-19 and
related human coronavirus diseases. Acs. Cent. Sci. 6 (3), 315-331. ACS
Publications. doi:10.1021/acscentsci.0c00272

Luo, M.-X,, Hua, S., and Shang, Q.-Y. (2021). Application of nanotechnology in
drug delivery systems for respiratory diseases. Mol. Med. Rep. 23 (5), 1-17.

Machelart, A., Salzano, G., Li, X., Demars, A., Debrie, A.-S., Menendez-Miranda,
M., et al. (2019). Intrinsic antibacterial activity of nanoparticles made of p-
cyclodextrins potentiates their effect as drug nanocarriers against tuberculosis.
ACS Nano 13 (4), 3992-4007. doi:10.1021/acsnano.8b07902

Madl, A. K., and Pinkerton, K. E. (2009). Health effects of inhaled engineered and
incidental nanoparticles. Crit. Rev. Toxicol. 39 (8), 629-658. doi:10.1080/
10408440903133788

Mitragotri, S., Anderson, D. G., Chen, X., Chow, E. K., Ho, D., Kabanov, A. V,,
et al. (2015). Accelerating the translation of nanomaterials in biomedicine. ACS
Nano 9 (7), 6644-6654. doi:10.1021/acsnano.5b03569

Moelling, K., and Broecker, F. (2020). Air microbiome and pollution: Composition
and potential effects on human health, including SARS coronavirus infection.
J. Environ. Public Health 2020, 1-14. doi:10.1155/2020/1646943

Moitra, P., Alafeef, M., Dighe, K., Frieman, M. B., and Pan, D. (2020). Selective
naked-eye detection of SARS-CoV-2 mediated by N gene targeted antisense
oligonucleotide capped plasmonic nanoparticles. ACS Nano 14 (6), 7617-7627.
doi:10.1021/acsnano.0c03822

Nassimi, M., Schleh, C., Lauenstein, H. D., Hussein, R., Hoymann, H.-G., Koch,
W., etal. (2010). A toxicological evaluation of inhaled solid lipid nanoparticles used
as a potential drug delivery system for the lung. Eur. J. Pharm. Biopharm. 75 (2),
107-116. doi:10.1016/j.ejpb.2010.02.014

Newman, M. E. (2005). A measure of betweenness centrality based on random
walks. Soc. Netw. 27 (1), 39-54. doi:10.1016/j.socnet.2004.11.009

Newman, S. P. (2018). Delivering drugs to the lungs: The history of repurposing
in the treatment of respiratory diseases. Adv. drug Deliv. Rev. 133, 5-18. doi:10.
1016/j.addr.2018.04.010

frontiersin.org


https://doi.org/10.1073/pnas.1306529110
https://doi.org/10.1073/pnas.1306529110
https://doi.org/10.3389/fimmu.2019.00022
https://doi.org/10.1007/s11356-020-09042-2
https://doi.org/10.1002/btm2.10143
https://doi.org/10.1007/s11356-020-10574-w
https://doi.org/10.1016/j.vaccine.2017.05.045
https://doi.org/10.1056/nejmoa2035389
https://doi.org/10.1126/science.1223012
https://doi.org/10.1116/1.2815690
https://doi.org/10.1002/asi.20317
https://doi.org/10.1039/d0tb01783c
https://doi.org/10.1016/j.jconrel.2012.04.036
https://doi.org/10.1016/j.vaccine.2012.06.011
https://doi.org/10.1093/infdis/jiv406
https://doi.org/10.1073/pnas.202301299
https://doi.org/10.1073/pnas.202301299
https://doi.org/10.1016/j.jconrel.2021.05.021
https://doi.org/10.1016/j.cell.2020.02.052
https://doi.org/10.1016/j.cell.2020.02.052
https://doi.org/10.1016/j.carbon.2021.07.004
https://doi.org/10.1016/j.apsusc.2021.149250
https://doi.org/10.1021/es8031506
https://doi.org/10.1126/science.abf9571
https://doi.org/10.1016/j.copbio.2021.09.016
https://doi.org/10.1016/j.copbio.2021.09.016
https://doi.org/10.1016/j.rbmo.2020.06.001
https://doi.org/10.1080/10408440600570233
https://doi.org/10.1080/10408440600570233
https://doi.org/10.1007/s10555-015-9554-4
https://doi.org/10.1016/j.freeradbiomed.2008.01.028
https://doi.org/10.1016/j.freeradbiomed.2008.01.028
https://doi.org/10.1002/ange.202008379
https://doi.org/10.3389/fnhum.2021.729587
https://doi.org/10.3389/fnhum.2021.729587
https://doi.org/10.1039/c4cc03118k
https://doi.org/10.1002/adfm.201807616
https://doi.org/10.1021/acscentsci.0c00272
https://doi.org/10.1021/acsnano.8b07902
https://doi.org/10.1080/10408440903133788
https://doi.org/10.1080/10408440903133788
https://doi.org/10.1021/acsnano.5b03569
https://doi.org/10.1155/2020/1646943
https://doi.org/10.1021/acsnano.0c03822
https://doi.org/10.1016/j.ejpb.2010.02.014
https://doi.org/10.1016/j.socnet.2004.11.009
https://doi.org/10.1016/j.addr.2018.04.010
https://doi.org/10.1016/j.addr.2018.04.010
https://www.frontiersin.org/journals/bioengineering-and-biotechnology
https://www.frontiersin.org
https://doi.org/10.3389/fbioe.2022.1053653

Yang et al.

Nitika, J. W., and Hui, A.-M. (2021). The development of mRNA vaccines for
infectious diseases: Recent updates. Infect. Drug Resist. 14, 5271-5285. doi:10.2147/
idr.s341694

Norouzi, M., and Hardy, P. (2021). Clinical applications of nanomedicines in
lung cancer treatment. Acta Biomater. 121, 134-142. doi:10.1016/j.actbio.2020.
12.009

Oberdérster, G., Oberdérster, E., and Oberdérster, J. (2005). Nanotoxicology: an
emerging discipline evolving from studies of ultrafine particles. Environ. health
Perspect. 113 (7), 823-839. d0i:10.1289/ehp.7339

Omlor, A. J., Nguyen, J., Bals, R,, and Dinh, Q. T. (2015). Nanotechno]ngy
in respiratory medicine. Respir. Res. 16 (1), 64-69. d0i:10.1186/s12931-015-
0223-5

Park, K.-T., and Hwang, J. (2014). Filtration and inactivation of aerosolized
bacteriophage MS2 by a CNT air filter fabricated using electro-aerodynamic
deposition. Carbon 75, 401-410. doi:10.1016/j.carbon.2014.04.019

Patton, J. S., and Byron, P. R. (2007). Inhaling medicines: delivering drugs to
the body through the lungs. Nat. Rev. Drug Discov. 6 (1), 67-74. doi:10.1038/
nrd2153

Patton, J. S. (1996). Mechanisms of macromolecule absorption by the lungs. Adv.
drug Deliv. Rev. 19 (1), 3-36. doi:10.1016/0169-409x(95)00113-1

Pison, U., Welte, T., Giersig, M., and Groneberg, D. A. (2006). Nanomedicine for
respiratory diseases. Eur. J. Pharmacol. 533 (1-3), 341-350. doi:10.1016/j.ejphar.
2005.12.068

Polack, F. P., Thomas, S. J., Kitchin, N., Absalon, J., Gurtman, A., Lockhart, S.,
et al. (2020). Safety and efficacy of the BNT162b2 mRNA Covid-19 vaccine.
N. Engl. ]. Med. Overseas. Ed. 383, 2603-2615. doi:10.1056/nejmoa2034577

Singh, R., and Lillard, J. W., Jr (2009). Nanoparticle-based targeted drug delivery.
Exp. Mol. Pathol. 86 (3), 215-223. d0i:10.1016/j.yexmp.2008.12.004

Smith, G., Raghunandan, R, Wu, Y., Liu, Y., Massare, M., Nathan, M., et al.
(2012). Respiratory syncytial virus fusion glycoprotein expressed in insect cells form
protein nanoparticles that induce protective immunity in cotton rats. PloS one 7
(11), €50852. doi:10.1371/journal.pone.0050852

Frontiers in Bioengineering and Biotechnology

1

10.3389/fbioe.2022.1053653

Smola, M., Vandamme, T., and Sokolowski, A. (2008). Nanocarriers as
pulmonary drug delivery systems to treat and to diagnose respiratory and non
respiratory diseases. Int. J. Nanomedicine 3 (1), 1-19. doi:10.2147/ijn.s1045

Stiriba, S. E., Frey, H., and Haag, R. (2002). Dendritic polymers in biomedical
applications: from potential to clinical use in diagnostics and therapy. Angew.
Chem. Int. Ed. 41 (8), 1329-1334. doi:10.1002/1521-3773(20020415)41:8<1329::
aid-anie1329>3.0.co;2-p

van Eck, N. J., and Waltman, L. (2010). Software survey: VOSviewer, a computer
program for bibliometric mapping. Scientometrics 84 (2), 523-538. doi:10.1007/
$11192-009-0146-3

Wiéng, Y.-X. J., Arora, R,, Choi, Y., Chung, H.-W., Egorov, V. L, Frahm, J., et al.
(2014). Implications of Web of Science journal impact factor for scientific output
evaluation in 16 institutions and investigators” opinion. Quant. Imaging Med. Surg.
4 (6), 453-461. doi:10.3978/j.issn.2223-4292.2014.11.16

Welin, A., Bjoérnsdottir, H., Winther, M., Christenson, K., Oprea, T., Karlsson, A.,
et al. (2015). CFP-10 from Mycobacterium tuberculosis selectively activates human
neutrophils through a pertussis toxin-sensitive chemotactic receptor. Infect.
Immun. 83 (1), 205-213. doi:10.1128/iai.02493-14

Wilczewska, A. Z., Niemirowicz, K., Markiewicz, K. H., and Car, H. (2012).
Nanoparticles as drug delivery systems. Pharmacol. Rep. 64 (5), 1020-1037. doi:10.
1016/s1734-1140(12)70901-5

Wolf, D. G., Greenberg, D., Kalkstein, D., Shemer-Avni, Y., Givon-Lavi, N, Saleh, N.,
et al. (2006). Comparison of human metapneumovirus, respiratory syncytial virus and
influenza A virus lower respiratory tract infections in hospitalized young children.
Pediatr. Infect. Dis. J. 25 (4), 320-324. doi:10.1097/01.inf.0000207395.80657.cf

Yue, Y., and Wu, C. (2013). Progress and perspectives in developing polymeric
vectors for in vitro gene delivery. Biomater. Sci. 1 (2), 152-170. doi:10.1039/
2bm00030j

Zachar, O. (2020). Formulations for COVID-19 early stage treatment via silver
nanoparticles inhalation delivery at home and hospital. Sci. Prepr.

Zhong, W., Zhang, X., Zeng, Y., Lin, D., and Wu, J. (2021). Recent applications
and strategies in nanotechnology for lung diseases. Nano Res. 14 (7), 2067-2089.
doi:10.1007/s12274-020-3180-3

frontiersin.org


https://doi.org/10.2147/idr.s341694
https://doi.org/10.2147/idr.s341694
https://doi.org/10.1016/j.actbio.2020.12.009
https://doi.org/10.1016/j.actbio.2020.12.009
https://doi.org/10.1289/ehp.7339
https://doi.org/10.1186/s12931-015-0223-5
https://doi.org/10.1186/s12931-015-0223-5
https://doi.org/10.1016/j.carbon.2014.04.019
https://doi.org/10.1038/nrd2153
https://doi.org/10.1038/nrd2153
https://doi.org/10.1016/0169-409x(95)00113-l
https://doi.org/10.1016/j.ejphar.2005.12.068
https://doi.org/10.1016/j.ejphar.2005.12.068
https://doi.org/10.1056/nejmoa2034577
https://doi.org/10.1016/j.yexmp.2008.12.004
https://doi.org/10.1371/journal.pone.0050852
https://doi.org/10.2147/ijn.s1045
https://doi.org/10.1002/1521-3773(20020415)41:8<1329::aid-anie1329>3.0.co;2-p
https://doi.org/10.1002/1521-3773(20020415)41:8<1329::aid-anie1329>3.0.co;2-p
https://doi.org/10.1007/s11192-009-0146-3
https://doi.org/10.1007/s11192-009-0146-3
https://doi.org/10.3978/j.issn.2223-4292.2014.11.16
https://doi.org/10.1128/iai.02493-14
https://doi.org/10.1016/s1734-1140(12)70901-5
https://doi.org/10.1016/s1734-1140(12)70901-5
https://doi.org/10.1097/01.inf.0000207395.80657.cf
https://doi.org/10.1039/c2bm00030j
https://doi.org/10.1039/c2bm00030j
https://doi.org/10.1007/s12274-020-3180-3
https://www.frontiersin.org/journals/bioengineering-and-biotechnology
https://www.frontiersin.org
https://doi.org/10.3389/fbioe.2022.1053653

	A scientometrics study of the nanomedicines assisted in respiratory diseases
	1 Introduction
	2 Data and methods
	2.1 Data acquisition
	2.2 Method

	3 Results and discussion
	3.1 Annual publications and citations
	3.2 Analysis of countries, regions and institutions
	3.3 An overview of research hotspots and frontiers
	3.3.1 Analysis of keywords
	3.3.2 Analysis of co-citation references
	3.3.3 Analysis of the citation bursts
	3.3.4 Analysis of representative subareas via bibliographic coupling analysis


	4 Discussion
	Data availability statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note
	Supplementary material
	References


