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Abstract

Background The coronavirus disease 2019 (COVID-19) pandemic is ravaging the world. Many
therapies have been explored to treat COVID-19. This report aimed to assess the global research
trends for the development of COVID-19 therapies.

Methods We searched the relevant articles on COVID-19 therapies published from January 1, 2020,
to May 25, 2022, in the Web of Science Core Collection Database (WOSCC). VOSviewer 1.6.18
software was used to assess data on the countries, institutions, authors, collaborations, keywords, and
journals that were most implicated in COVID-19 pharmacological research. The latest research and
changing trends in COVID-19-relevant pharmacological research were analyzed.

Results After manually eliminating articles that do not meet the requirements, a total of 5,289 studies
authored by 32,932 researchers were eventually included in the analyses, which comprised 95
randomized controlled trials. 3044 (57.6%) studies were published in 2021. The USA conducted the
greatest number of studies, followed by China and India. The primary USA collaborators were China
and England. The topics covered in the publications included: the general characteristics, the impact
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on pharmacists’ work, the pharmacological research, broad-spectrum antiviral drug therapy and
research, and promising targets or preventive measures, such as vaccine. The temporal diagram
revealed that the current research hotspots focused on the vaccine, molecular docking, Mpro, and
drug delivery keywords.

Conclusion Comprehensive bibliometric analysis can aid the rapid identification of the principal
research topics, potential collaborators, and the direction of future research. Pharmacological
research is critical for the development of therapeutic and preventive COVID-19-associated
measures. This study may therefore provide valuable information for eradicating COVID-19.

Keywords

Bibliometric analysis; COVID-19; Pharmacological interventions; Vaccine; SARS-CoV-2.

1 Introduction

The emergence and spread of coronavirus disease 2019 (COVID-19) was declared a global pandemic
on March 11, 2020, by the World Health Organization (WHQO), and has become a major health threat
worldwide [1]. Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is the coronavirus
responsible for causing COVID-19. COVID-19 is characterized by such symptoms as viral
pneumonia, fever, fatigue, dry cough, and lymphopenia. The most common manifestations of
COVID-19 are a cough, fever, and fatigue, which are often accompanied by lung infection [2]. The
number of confirmed new COVID-19 cases is increasing every day (at the time of writing).
Consequently, hundreds of academic articles are being published every day that are closely related to
various aspects of COVID-19, which include its epidemiology, pathology, and treatment. These
COVID-19 studies emphasize the urgency of obtaining effective drugs [3].

The therapeutic efficacy of antimalarial drugs, antiviral drugs, monoclonal antibody therapy, and
cell- and plasma-based therapies in the treatment of COVID-19 have been evaluated [4]. At the
beginning of the outbreak, the mechanism employed by SARS-COV-2 to invade the human body
was not clear. Thus, it was not possible to develop anti-SARS-COV-2 drugs based on the mechanism
of viral infection. Instead, the principal strategy for guiding the emergency response against SARS-
COV-2 was to utilize commercially available drugs based on studies of cellular and animal models.
A series of in-depth studies on the infection mechanism of SARS-COV-2 were later carried out, and
on this basis, innovative drugs against SARS-COV-2 were generated and evaluated for their
specificity, safety, and efficacy. The development of novel indications for the treatment of COVID-
19 and innovative drugs based on the mechanism of viral infection can ultimately achieve effective
COVID-19 treatment. In this process, research teams have accumulated a wealth of expertise, which
they have combined with the latest scientific and technological advances.

Bibliometric analysis is based on the unique publication parameters (such as information relating to
country of origin, institution, and author identities) and uses a combination of mathematical and
statistical methods to quantitatively assess the current status, research hotspots, and trends in science
and technology. Researchers can subsequently use the information gathered for a particular purpose
within their domains of interest (e.g., to identify active collaborative partners, landmark studies,
research themes, and other useful information). As would be expected, COVID-19-drug-related
research is booming. In this paper, we have summarized the latest COVID-19 pharmacological
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research and therapeutic advances in this field, with the aim of presenting systematic data to combat
the COVID-19 pandemic. In addition, we envisage that this paper will provide a valuable reference
for the development of new drugs to treat COVID-19.

2 Material and methods

We searched the Web of Science Core Collection (WOSCC) database on May 25, 2022, using the
search strategy: TS = (COVID OR COVID19 OR COVID-19 OR COVID 19 OR coronavirus OR
coronavirus disease 2019 OR SARS CoV 2 OR sars coronavirus 2 OR severe acute respiratory
syndrome coronavirus 2 OR 2019-nCov) AND 2022 or 2021 or 2020 (Publication Years) AND
(Pharmacology Pharmacy (Research Areas) OR Pharmacology Pharmacy (Web of Science
Categories)) AND DT = (Article). Research articles published from January 2020 onwards were
selected. We scanned the abstracts, manually deleted the records unrelated to COVID-19
pharmacology. Additionally, we selected works describing randomized controlled trials (RCTs) for a
further separate analysis.

Excel 2010 (Microsoft Corporation, Redmond, WA, USA) was used to collect the extracted data and
perform statistical analysis. VOSviewer 1.6.18 (Centre for Science and Technology Studies, Leiden
University, Leiden, The Netherlands), a freely available computer program that was developed in
2009 for constructing and viewing bibliometric maps [5], was used to map research outputs and plot
figures 1-7. VOSviewer is specifically designed for the graphical representation of bibliometric
maps, which are being increasingly widely used to perform bibliometric analysis. In this study,
VOSviewer 1.6.18 was used to assess and graph data on the countries, institutions, authors,
collaborations, keywords, and journals that were most implicated in COVID-19 pharmacological
research [6]. The size of the node is correlated with the occurrence frequency of the relevant
parameter, while the thickness of the connection between nodes represents the degree of association,
and different colors represent the different modules in the visualization map.

3 Results

3.1 Publication outputs

Between January 1, 2020, and May 25, 2022, a total of 5,523 articles were identified from the
WOSCC database. However, some of them (n = 234) were unrelated to COVID-19 pharmacology.
Therefore, we analyzed 5,289 regular articles and 95 manuscripts reporting RCTs. This process was
shown in Supplementary Figure 1. Of the articles included in our analysis, 1,408 (26.6%), 3,044
(57.6%), and 837 (15.8%) were published or preprinted in 2020, 2021, and 2022, respectively
(Supplementary Figure 2).

3.2 Co-authorship analysis; most active countries or regions, institutions, authors, and
journals

The top ten countries or regions, institutions, and authors with the most publications are listed in
Tables 1-3. Seventy-nine countries or regions published no less than five documents during the
assessment period. The highest number of studies was conducted in the USA (1,088 records),
followed by China (810), India (561), Italy (454), and Saudi Arabia (314). Seven clusters were
obtained based on this information (Figure 1A). The USA had 68 collaborative partners and a total
link strength (TLS) of 786. TLS is a measure used to describe the total strength between one unit and

3
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others, in this case the total strength of the co-authorship links between one researcher and other
researchers. USA’s primary collaborators were China (link strength = 61), the England (link strength
= 58), India (link strength = 50), and Italy (link strength = 50).

The 5,289 studies involved 7,797 institutions, 117 of which each published at least 15 studies. The
clustering of the institutions is shown in Figure 1B. The top publishing institution was King Saud
University, which was responsible for 67 research outputs on the pharmacology of COVID-19. The
main collaborators of this University were the Ministry of Health and the Prince Sattam Bin
Abdulaziz University (link strength = 6). Tehran University of Medical Sciences (60 publication
records), Huazhong University of Science and Technology (58 publication records), and the Chinese
Academy of Sciences (56 publication records) were also among the top contributors of COVID-19
publications. A total of 32,932 authors published research articles on the relevant topic; 230 of whom
had each published five or more papers. Prof. Gupta BM from India had published the greatest
number of documents during the study period (n = 19). Among the 230 authors, 64 had a connection
with each other; the relevant cluster is shown in Figure 1C and D.

Table 4 shows the top ten most active journals, which published the largest articles on COVID-19
pharmacology; the top three were European Review for Medical and Pharmacological Sciences,
International Journal of Clinical Practice, and Frontiers in Pharmacology.

3.3 Keyword co-occurrence analysis

Before constructing the cluster map, we manually standardized the keywords by merging and
replacing similar keywords. A total of 207 keywaords were considered in the analysis (occurrence =
20). As described above, the TLS is used to describe the total strength of links between one unit and
other units. The three most common keywords were “COVID-19” (TLS = 9,743; occurrences =
3,153), “SARS-CoV-2” (TLS = 7,134; occurrences = 1,819), and “coronavirus” (TLS = 3,575;
occurrences = 798). To show the other keywords more clearly, the above most common three
keywords were omitted from the figure. Five clusters were obtained from the analysis (Figure 2).
Cluster 1 (shown in red) comprised 58 items that represented general terms related to COVID-19 and
included keywords such as infection, pneumonia, inflammation, mortality, disease, cytokine storm,
mechanism, expression, cells, and activation. Cluster 2 (shown in green) contained 50 items that
represented the impact of COVID-19 and included keywords such as pandemic, risk, impact,
outbreak, Wuhan, epidemiology, management, pharmacist, health, and anxiety. Cluster 3 (shown in
blue) included 47 items that were associated with pharmacological research on COVID-19 and
comprised keywaords such as inhibition, molecular docking, antiviral, drugs, in-vitro, identification,
drug repurposing, replication, Mpro (the main SARS-Cov-2 protease), design, traditional Chinese
medicine, discovery, molecular dynamics, and 3CL protease. Cluster 4 (shown in yellow) comprised
28 items relating to broad-spectrum antiviral drug therapy and COVID-19 research and included
keywords such as hydroxychloroquine/chloroquine, remdesivir, pharmacokinetics, efficacy, antiviral
drugs, safety, lopinavir/ritonavir, favipiravir, azithromycin, and clinical trials. Cluster 5 (shown in
purple) included 21 items associated with promising COVID-19 drug targets or preventive measures,
and keywords such as ACE2 (angiotensin-converting enzyme 2), viral infection, vaccine, spike
protein, receptor, influenza, and immunity. We next constructed a temporal diagram (Figure 3),
which showed that at the beginning of the COVID-19 pandemic research focused on topics such as
chloroquine/ hydroxychloroquine, pneumonia, respiratory syndrome coronavirus, epidemiology,
traditional Chinese medicine, receptor, replication, cytokine storm, antiviral, efficacy, ACE2,
remdesivir, spike protein, inflammation, and drug repurposing. However, most recent research
hotspots were associated with keywords such as impact, molecular docking, Mpro, activation,
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vaccine, and drug delivery. The density visualizations shown in Figures 4 and 5 indicate the density
of term frequency. In Figure 4, the items occurring with more frequency were redder in color, while
less frequently occurring items were bluer. Similarly, the size of items in Figure 5 is related to
density, and the color key is the same as used in Figure 2.

3.4 RCT analysis

Among the 95 RCT publications, Iran (n = 30), USA (n = 23), China (n = 18), and the England(n =
14) produced the greatest number of outputs. Institutions like Tehran University of Medical Sciences
(n = 13) from lIran, Shahid Beheshti University of Medical Sciences (n = 10) from Iran, the
University of Liverpool (n = 9) from the England, and Mazandaran University of Medical Sciences
(n = 8) from Iran, were the most prolific at reporting clinical trials. Out of all the researchers, Prof.
Andrew Hill (n = 6) and Prof. Hannah Wentzel (n = 5) from the Englandwere most actively involved
in designing RCTSs.

The keywords pharmacokinetics, traditional Chinese medicine, viral infection, lopinavir/ritonavir,
and favipiravir appeared more frequently in publications reporting RCTs (occurrences > 4).
Keywords with an occurrence greater than two (other than “COVID-19” and “SARS-Cov-2", which
were omitted from the analysis) are presented in Figure 6.

3.5 Analysis of the top 100 most highly cited articles

We further analyzed the top 100 most highly cited articles within the WOSCC. China (n = 31) and
the USA (n = 22) were responsible for over half of the most cited articles published during our study
period. Aix-Marseille University (n = 7), IHU Mediterranee Infection (n = 4), and Monash University
(n = 4) each published more than three top-cited works. We also found that the research groups
publishing the most cited papers were led by Prof. Didier Raoult (n = 4) in France and by Prof. Po-
Ren Hsueh (n = 3) in China.

As shown in Figure 7, the keywords that appeared in the most highly cited literature were mainly
focused on the mechanism of viral infection (i.e., spike protein, ACE2, 3CL protease, Mpro, and
receptor) and antiviral drugs and their activity (i.e., chloroquine/ hydroxychloroquine, remdesivir,
ribavirin, molecular docking, and RNA-polymerase).

4 Discussion

During the global COVID-19 pandemic, increasing attention was focused on pharmacological
research. Our bibliometric analysis of COVID-19-associated pharmacological research trends
showed that publications were more numerous in 2021 versus 2020 (Supplementary Figure 2). We
found that half of the original articles and reviews were published by three countries: the USA,
China, and India. In addition, the USA and China outperformed all other countries in the number of
publications and citations, especially in relation to the top 100 most highly cited articles. We
observed that American COVID-19 research involved the highest number of international
collaborations. The tightest academic collaborative partnerships were forged between USA and
China, followed by USA and the England, Egypt and Saudi Arabia, USA and Italy, and USA and
India. Certain institutions from Iran, Saudi Arabia, and China were highly prolific at generating
research outputs (Figure 1). Five active journals, which are based in either Europe or Asia (listed in
Table 4), published over 20% of the articles reporting COVID-19 pharmacological research. This
finding demonstrates that certain periodicals preferentially publish scientific content relating to
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COVID-19 pharmacology. The 2020 impact factors for the top ten active publishers of COVID-19
pharmacological research were moderate, six of which were higher than 4.

Five clusters in the network visualization map hinted at the five categories of therapeutic research
(Figure 2). We summarized the themes for each cluster as follows: (1) the general characteristics of
SARS-COV-2 (red); (2) the impact of COVID-19 (green); (3) COVID-19 pharmacological research
(blue); (4) broad-spectrum antiviral drug therapy and COVID-19 research (yellow); and (4)
promising COVID-19 targets or preventive measures (purple). The mechanism seemed to be the
foundation of pharmacologic research. The time trend of the overlay visualization map (Figure 3)
revealed changes in research hotspots at different phases. In the early phase, COVID-19
pharmacological research focused on therapeutic schedule exploration for existing drugs such as
antimalarial and antiviral drugs. In the latter phase, the research focus shifted to the impact on
pharmacists’ work and especially vaccine development.

Keyword analyses (Figures 2-5) visually demonstrated the burgeoning research hotspots and trends
in COVID-19 pharmacology. Our result highlighted certain keywords that were highly associated
with COVID-19 pharmacological research; they will be explored in more detail in this section.

First, ‘ACE2’ and the ‘spike protein’: the viral spike protein on SARS-CoV-2 binds to the cellular
receptor ACE2 [7], which is widely distributed in various tissues and highly expressed in the lung
and small intestine. This broad distribution of ACE2 may explain why COVID-19 can involve
multiple organ systems [8]. The SARS-CoV-2 spike protein serves as a potential target for vaccine
development, antibody-blocking therapy, and small molecule inhibitors [9]. The spikes can
camouflage themselves to evade immunological surveillance [9], and, once mutations happen, the
immune protection afforded by antibodies responding to infection or vaccination, is lost [10].
Besides, transplantation of ACE2 (-)mesenchymal stem cells may potentially improve the outcome
for patients with COVID-19 [11].

Second, ‘vaccine’: vaccine development is a vital area of COVID-19 research. The COVID-19
vaccine is designed to attenuate the viral load, therefore diminishing the risk of febrile symptoms and
illness duration [12]. Several types of COVID-19 vaccine such as inactivated vaccines, vector-based
vaccines, and nucleic acid-based vaccines, have entered phase 3 clinical trials [13]. Moreover, the
effectiveness and safety of certain vaccine candidates have been verified in real-world studies [14].

Third, ‘chloroguine’ and ‘hydroxychloroquine’: chloroquine, an anti-malarial drug, has shown
efficacy and safety against SARS-CoV-2 in Chinese multicenter clinical trials [15]. On the one hand,
hydroxychloroquine and chloroquine are able to bind to the ACE2 receptor and prevent the viral S
protein from binding to the plasma membrane [16]. On the other hand, chloroquine has been proven
to inhibit the production and release of interleukin (IL)-6 and tumor necrosis factor (TNF) [17],
curbing the cytokine storm, and thus effectively limiting viral replication in-vitro [18]. However,
some systematic reviews [19] have shown that HCQ has little or no effect on the risk of death and
progression in comparison to mechanical ventilation.

Forth, ‘cytokine storm’ and ‘immunity’: the dysregulation and excessive release of proinflammatory
cytokines (e.g., IL-1p, IL-6, and TNF) [17] is a potential mechanism leading to severe COVID-19
manifestations. The decrease in CD4" T cell, CD8" T cell, and regulatory T cell (Treg) counts may
aggravate inflammation and the cytokine storm and cause extensive tissue damage [20]. Hence,
immunomodulators and cytokine antagonists such as the IL-6 receptor antagonist, tocilizumab, may
represent promising drugs for the treatment of patients with severe COVID-19 [17, 21].
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Fifth, ‘traditional Chinese medicine’: traditional Chinese medicine formulations were successfully
used in Wuhan to treat COVID-19, which provides reliable evidence for conducting follow-up
research on this topic. Clinical trials have been conducted using Lianhua Qingwen capsules, Shuang
Huang Lian Oral Liquid, and ShuFeng JieDu capsules, among others [22-23]. 3-chymotrypsin-like
protease (3CLpro), the SARS-CoV helicase protein nsP13, repressing virus-induced gene expression
of IL-6, IL-8, TNF, interferon gamma-induced protein (IP-10), and monocyte chemoattractant
protein-1 (MCP-1) may be relevant to the potential pharmacological mechanisms of traditional
Chinese medicine [24].

Collectively, these five groups of keywords showed that during the COVID-19 pandemic,
identification of the main viral target proteins and pathogenic mechanisms are important for
conducting pharmacological research. Furthermore, drug repurposing and development should be
performed to achieve effective viral eradication [25]. In the early phase of the pandemic, prior
pharmacological research provided clues for therapeutic schedule exploration. Meanwhile, in the
latter phase, novel pharmacological evidence was used to develop preventative regimens, such as
vaccines. In summary, pharmacology was critical throughout the duration of the COVID-19
pandemic.

In addition to the factors already mentioned, our study highlighted other important COVID-19-
associated factors, such as ‘convalescent plasma’, “diet’, and ‘mental health’.

Researchers have explored the feasibility of convalescent plasma transfer to treat severe COVID-19
cases [26]. Well-tolerated convalescent plasma therapy may potentially improve clinical outcomes
via the transfer of neutralizing antibodies, achieving viral neutralization in patients with severe
COVID-19 without severe adverse effects [27- 28]. Accordingly, testing the efficacy and safety of
convalescent plasma transfusion in SARS-CoV-2-infected individuals should be pursued [29].

Diet and mental health status should also be monitored during the COVID-19 pandemic. Numerous
surveys had declared that COVID-19-imposed lockdowns had a negative effect on diet [30] and
mental health [31]. Conversely, unhealthy lifestyle factors such as unreasonable diet structure [32]
are related to a higher risk of COVID-19 hospitalization. Optimal nutritional status may reinforce
immune function [33], and nutrient supplementation like vitamin D could be an additional measure to
reduce the morbidity of COVID-19 [34].

RCTs, as the gold standard of research design, can rigorously verify the efficacy and safety of drugs.
The RCT designs inciuded in our study focused on the pharmacokinetics of antiviral drugs such as
favipiravir and lopinavir/ritonavir, and traditional Chinese medicines such as curcumin. Based on
ethical requirements, favipiravir and lopinavir/ritonavir were often used as a background treatment.
Lopinavir/ritonavir was the national regimen adopted by Iran (which was also used in combination
with interferon and hydroxychloroquine). Traditional Chinese medicine, as an empirical therapy
approach, required other evidence-based forms of treatment to validate its efficacy. Therefore, the
keywords with moderate occurrences (> 2), such as the IL-6 receptor-blocking monoclonal antibody
tocilizumab, azithromycin, and antiparasitic drug ivermectin, denoted pharmacological research
hotspots.

However, our study inevitably had some limitations. Firstly, we only searched the WOSCC database.
Other databases such as SCOPUS could also be considered in future studies. Secondly, although we
had already excluded authors with the same name from the top ten active authors list, we could not
artificially distinguish between all forms of name duplication on account of the huge author data set.
Last, this study merely scanned and refined part of key points among the evolution of
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pharmacological research hotspots. Online tools are now available to monitor these trends. For
instance, ‘evolving reviews’ provide updates on a particular area of research [4, 35], and
collaborations like the CORONA Project [36] track and review the latest pharmacological research
trends.

5 Conclusion

In conclusion, comprehensive bibliometric analysis can help us understand the current status and
trends relating to a given research field, additionally highlighting areas of particular research interest.
This approach represents an effective way of studying the literature that can provide a useful
reference for researchers. Pharmacology research is critical for therapeutic and vaccine development.
To the best of our knowledge, a bibliometric analysis of this sort has not been previously performed
for COVID-19 pharmacological research. Thus, our study confirms that the field of pharmacology
could make a valuable contribution to the bioprospecting of novel COVID-19 drugs and vaccines.
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Figure 1. Bibliometric analysis of the literature network map. (A) Countries or regions. (B)
Institutions. (C) Authors. (D) Authors who have connections with each.
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Figure 3. Co-word (keyword co-occurrence) bibliometric analysis; temporal trends of overlay
visualization.
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Figure 6. Co-word (keyword co-occurrence) bibliometric analyses of 95 RCTs.
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Figure 7. Co-word (keyword co-occurrence) bibliometric analyses of top 100 high-cited articles.

Table 1. Top ten countries or regions with the most COVID-19 pharmacology publications

Ra | Country or | Number  of | Ra | Citation average | h- | Number of collaborations between
nk | region records (n) tio | (per article) ind | countries or regions (n)
(% ex
)
1 |USA 1088 20. | 9.46 47 |68
57
2 | China 810 15. | 19.55 45 |55
31
3 | India 561 10. | 5.69 29 |58
61
4 | ltaly 454 8.5 | 10.66 33 [ 62

16



Journal Pre-proof

Bibliometric Analysis of COVID-19
Pharmacology

8

5 | Saudi 314 59 |8.72 19 |52
Arabia 4

6 | England 301 56 | 7.56 24 |70
9

7 | Turkey 301 5.6 | 4.07 18 | 45
9

8 | Spain 244 4.6 | 6.76 20 | 57
1

9 | France 232 4.3 | 30.09 27 | 54
9

10 | Iran 217 4.1 |10.39 26 |50
0

Table 2. Top ten active institutions with the most publications relating to COVID-19 pharmacology

Ran | Institution Number of records | Citation average (per | Country
k (n) article)
1 King Saud Univ 67 13.58 Saudi
Arabia
2 Univ Tehran Med Sci 60 15.47 Iran
3 Huazhong Univ Sci & | 58 30.83 China
Technol
4 Chinese Acad Sci 56 13.96 China
5 Shahid Beheshti Univ Med | 54 11.59 Iran
Sci
6 King Abdulaziz Univ 46 3.22 Saudi
Arabia
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7 Univ Hith Sci 44 9.50 Turkey
8 Univ Milan 42 13.86 Italy

9 Sapienza Univ Rome 39 6.56 Italy
10 Cairo Univ 38 27.55 Egypt

Table 3. Top ten active authors with the most publications relevant to COVID-19 pharmacology

Ra | Author | Number of | Citation average | Institution/Country

nk records (n) (per article)

1 Gupta 19 0.11 CSIR NISTADS/India
BM

2 Ohmaga | 14 2.79 Natl Ctr Global HIth & Med, Dis Control &
riN Prevent Ctr/Japan

3 Dastan | 13 16.15 Shahid Beheshti Univ Med Sci/lran
F

3 Hasan 13 8.23 Univ Huddersfield/ UK
SS

3 Zheng 13 8.00 Natl Ctr Adv Translat Sci/USA
W

6 Chen 12 8.67 Natl Ctr Adv Translat Sci/USA
Cz

6 Meo SA | 12 47.25 King Saud Univ/Saudi Arabia

6 ShenM | 12 11.00 Natl Ctr Adv Translat Sci/USA

6 Yang 12 1.17 Hubei Univ Chinese Med/China
YF

6 Yang 12 25.67 Natl Clin Res Ctr Resp Dis/China
ZF
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Table 4. The top ten most active academic journals with most publications relating to COVID-19
pharmacology

Ra | Journal Number of | Ratio | Impact JCR* Country
nk records (n) | (%) | factor region
(2020) (2020)
1 | European Review for Medical And | 344 6.50 | 3.507 Q2 Italy
Pharmacological Sciences
2 | International Journal of Clinical | 283 5.35 | 2.503 Q1 UK
Practice
3 | Frontiers in Pharmacology 202 3.82 [5.811 Q1 Switzerl
and
4 | Journal of Pharmaceutical | 199 3.76 | N/A N/A India
Research International
5 | International 160 3.03 |4.932 Q2 The
Immunopharmacology Netherla
nds
6 |Journal of Infection ~ and | 117 221 | 2.211 Q4 Japan
Chemotherapy
7 | Biomedicines 113 2.14 |6.081 Q1 Switzerl
and
8 | Infection and Drug Resistance 112 2.12 | 4.003 Q2 New
Zealand
9 | Antibiotics-Basel 95 1.80 |4.639 Q2 Switzerl
and
10 | Journal of Chemical Information | 83 157 | 4.956 Q1 USA
and Modeling

“JCR: Journal citation reports.
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