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Abstract. – OBJECTIVE: Scientific research 
is an essential necessity for the prevention and 
control of COVID-19. Accelerated paper-shar-
ing makes it possible to explore the responses 
of scientific communities of different countries 
and their research focus. This is achieved by 
examining relevant publications during the ear-
ly stage of the pandemic. This paper explores 
a timely research assessment on COVID-19 
among China, USA, and EU.

MATERIALS AND METHODS: Papers indexed 
in PubMed and published from December 30, 
2019, to March 11, 2020, were selected. Papers 
from China, USA, and EU were assessed by cal-
culating the significance of items in the co-oc-
currence exported from VOSviewer.

RESULTS: The results showed that Chinese 
studies focus more on clinical manifestations, 
while USA and EU focus on experimental re-
search. Furthermore, US research is more geared 
toward detection techniques and mathematical 
models, China focuses more on monitoring the 
epidemic situation, and EU engages in both.

CONCLUSIONS: This paper argues that the 
above distinctions are caused by differences in 
the stages of epidemic development, research-
ers’ experience bases for formulating measures, 
traditions within the different medical cultures, 
and the distinction between “information” and 
“knowledge”.
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Introduction

The world witnessed an outbreak at the very 
end of 2019. Faced with an unknown virus, scien-
tific research, as well as preventive diagnosis and 
treatment have been regarded as the two-princi-
pal means for the prevention and control of the 

epidemic. Magdalena Skipper, Editor-in-Chief 
of the Journal Nature, said that scientific re-
search plays a significant role in tackling both the 
COVID-19 pandemic and infodemic (see https://
www.asianscientist.com/2020/04/topnews/
wildtype-media-expert-opinion-nature-edi-
tor-in-chief-magdalena-skipper/). Scientific pa-
pers are the primary carrier of scientific knowl-
edge and therefore, many countries stressed the 
importance of paper-sharing. Scientific papers 
not only guide both the prevention and treatment 
of epidemics but can also provide a reference for 
the formulation of corresponding measures by 
government agencies1,2. The number of published 
papers increased rapidly during this specific pan-
demic. Within the first three months after China’s 
official announcement of the pandemic situation, 
1,629 papers (both original articles and reviews) 
on COVID-19 had been published and indexed 
in PubMed. This is in sharp contrast to the 110 
and 35 papers on SARS (in 2003) and MERS (in 
2012) during corresponding periods, respectively. 
Improvement of the research level, optimisation 
of the review process, as well as the launch of 
diversified paper-sharing platforms have accel-
erated knowledge creation and diffusion. The 
resulting rapid publication of papers provided 
beneficial conditions for the communication of 
early scientific research achievements. Moreover, 
it facilitates the analysis of the responses and 
coping approaches of the scientific communities 
of different countries to this particular public 
health event. This paper focuses on differences 
in papers on COVID-19 by scholars from differ-
ent countries. This information helps to better 
understand the strengths and traditions of the ac-
ademic research of different countries. Moreover, 
it also identifies differences in the preventive and 
therapeutic measures these countries employ in 
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the face of unknown viruses. The results of this 
study provide a perspective for follow-up analy-
ses on different prevention and control policies 
formulated by different countries.

This study focuses on papers on COVID-19 
that were published during the early stage of 
the pandemic. Accurate and timely information 
dissemination during the early stage not only 
facilitates prevention and control of the epidemic, 
but also helps to stop the spread of rumours. In 
epidemiology, no clear definition defines the early 
stage of an epidemic, but the scale of infectious 
diseases is clearly defined. An infectious disease 
that spreads in different countries and among 
large populations is named a “pandemic”. In 
contrast, an infectious disease that spreads with-
in a small area or population is more generally 
referred to as an “outbreak”3. The World Health 
Organization (WHO) once depicted the develop-
ment of SARS and H5N1 using curves (see https://
www.who.int/csr/resources/publications/CDS_
CSR_ARO_2004_2.pdf?ua=1; https://www.who.
int/influenza/preparedness/pandemic/h5n1phase/
en/). The highest points on both curves indicated 
the stage of a global pandemic; therefore, this 
stage can be used to identify the turning point for 
the development of an epidemic situation world-
wide. To characterise these stages, the concept 
of division of crisis stages can be used. Here, the 
highest point in the development of a crisis event 
initiates its formation stage, while the preceding 
stage is defined as the pre-crisis stage or the 
early crisis stage4. The stage prior to the global 
pandemic stage can be understood as the early 
stage of a global epidemic. On 11 March, 2020, 
the WHO declared COVID-19 a global pandem-
ic; therefore, the stage before 11 March can be 
regarded as the early stage of the pandemic. On 
30 December 2019, the epidemic situation was 
officially announced for the first time (see: http://
www.chinadaily.com.cn/a/202004/06/WS5e8b-
2f5aa31012821728496b_2.html). To capture the 
most relevant publications, this study assessed 
papers published from 30 December 2019, to 11 
March 2020.

This paper is the first exploration of the re-
search differences among countries with a spe-
cific focus on COVID-19 within our best knowl-
edge. Papers from China, USA, and EU were 
studied by calculating COVID-19 co-occurrence 
using VOSviewer. Here, scientific research from 
different regions is clearly visualised. The rea-
sons for these differences are investigated from 
a research traditions perspective. The results 

show that, during the early stage, three coun-
tries or regions applied different perspectives 
on COVID-19 research and drug therapy. China 
focused more on the clinical experience, while 
USA and EU emphasised experimental research. 
US research focused mainly on detection tech-
niques and mathematical models, China focused 
more on the monitoring of the epidemic situa-
tion, and EU addressed both. In particular, EU 
attached greater importance to case input from 
travel. With regard to the unique characteris-
tics of each country, China tended to focus on 
treatments with Traditional Chinese Medicine 
(TCM) and mental health. USA focused more 
on pregnant women and animal hosts. The rea-
sons for these differences were analysed from 
four perspectives: the stage of epidemic devel-
opment, the research experience of different 
countries, the basis for the formulation of mea-
sures, and the differences in cultural traditions 
of medical research. Furthermore, this study 
applied a distinction between “information” and 
“knowledge” in the Data-Information-Knowl-
edge-Wisdom (DIKW) hierarchy to analyse why 
these identified differences still exist, despite 
the convenience of paper-sharing.

Materials and Methods

Data Collection
The data on COVID-19-related papers in this 

study were retrieved from PubMed. During the 
early stage, COVID-19 was referred to with dif-
ferent names. To capture all relevant studies, the 
present study used the superpositions of several 
names of COVID-19, as provided by the Dimen-
sion Database (see: https://covid-19.dimensions.
ai/), as search terms. The search syntax was 
entered (the specific search syntax of each coun-
try can be found in part 1 of the Supplementary 
Materials), and the types of literature sought for 
were limited to article and review (in PubMed, 
the types of literature were limited to “Classical 
Article, Journal Article, and Review”). From 
December 30, 2019, to March 11, 2020, PubMed 
listed 802 papers on COVID-19, 399 of which 
were published under a Chinese address (49.75%), 
87 under a US address (10.85%), and 132 under 
an EU address (16.46%) (According to PubMed 
searching rules, country/region grouping based 
on at least one co-author’s affiliation, a paper with 
multiple affiliations may belong to a different 
country/region) .
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Data Processing
In this study, publications from China, USA, 

and EU were exported from PubMed in the 
MEDLINE format. To avoiding errors in the sub-
sequent analysis, all asterisks were removed that 
had been attached to a number of the exported 
Medical Subject Heading (MeSH) items. In this 
study, the exported documents were imported 
into VOSviewer (version: 1.6.15, Leiden Uni-
versity, Leiden, Netherlands) for co-occurrence 
analysis. In the analysis condition setting, the 
minimum number of occurrences of a keyword 
was set to 2, thus requiring that the keyword had 
to appear in at least two documents (“Co-occur-
rence” was only defined when an item appeared 
in two documents; therefore, the threshold value 
for co-occurrence times was 2). Following the 
analysis, data on the total link strength of co-oc-
currence items from China, USA, and EU were 
extracted. After that, both similarities and differ-

ences of the total link strength of co-occurrence 
items between these three countries/regions were 
calculated. Total link strength refers to the total 
strength of the links of an item with other items. 
It not only records the occurrence frequency of 
a given item, but also reflects the strength of the 
link with other items that appear simultaneously5. 
Guo et al6 also showed that total link strength 
could be used to effectively identify research 
hotspots.

VOSviewer has no function for word sense 
disambiguation. Therefore, words with the same 
meaning but differences either in full words 
or abbreviations, as well as singular and plural 
forms, were identified as different items. Exam-
ples are “SARS” and “Severe Acute Respiratory 
Syndrome”, or “Epidemic” and “Epidemics”. 
The values for the total link strength of syn-
onyms, which differ from each other only in 
full names, abbreviations, or singular and plural 

Figure 1. Co-occurrence items of COVID-19 documents in China, USA, and EU.
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forms, were summed. However, this only ap-
plied to a minority of cases (China: 4.12%, USA: 
10.64%, EU: 6.06%).

Data Verification
Because of the large differences between the 

number of publications by China, USA, and EU, 
the maximum and minimum values for the total 
link strength of these three countries/regions 
were significantly different. China had a total 
of 248 co-occurrence items, the maximum total 
link strength value of which was 1,831, and the 
minimum value was 1, with a sum total of 28,048. 
USA had 88 co-occurrence items, the maximum 
total link strength value of which was 411, and 
the minimum value was 3, with a sum total of 
6,406. EU had 128 co-occurrence items, the 
maximum total link strength value of which was 
799, and the minimum value was 4, with a sum 
total of 11,680. To facilitate subsequent analysis, 
it was necessary to subject the total link strengths 
between China, USA, and EU to normalisation 
analysis. These strengths were thus transformed 
into percentages (i.e., the percentage of the total 
link strength of a co-occurrence item = the total 
link strength of the given co-occurrence item / 
the total link strength of all co-occurrence items). 
The maximum values for the percentages of the 
total link strength of co-occurrence items of 
China, USA, and EU were 6.5280, 6.4158, and 
6.8407, respectively. The minimum values were 
0.0035, 0.0468, and 0.0342, respectively. The sum 
total was 100 for each case.

To identify items with similar occurrence fre-
quencies, the similarities of co-occurrence items 
were analysed first. This was followed by in-
tersection analysis after co-occurrence items in 
these documents had been extracted. A total 
of 51 co-occurrence items were identified. The 
variation coefficients of the calculated items were 
fitted to the normal distribution model, which 
found no significant deviation from a normal dis-
tribution (p > 0.05) (Mean = 0.508, SD = 0.285). 
Moreover, the limits for similarity significance 
of China, USA, and EU were calculated by the 
empirical rule (empirical rule = M - 1.645 * SD), 
which yielded the co-occurrence items for which 
the variation coefficients < 0.039 were signifi-
cantly similar.

Through significance analysis on the percent-
age of the total link strength of co-occurrence 
items in the documents, the differences in the 
occurrence frequency of co-occurrence items in 
the identified documents were explored. Union 

analysis of co-occurrence items in these docu-
ments identified a total of 307 items. To be spe-
cific, an absence of values (percentage of total 
link strength) was found for 58, 219, and 178 
co-occurrence items for China, USA, and EU, 
respectively. To facilitate subsequent significance 
analysis, first, data imputation was conducted for 
the missing percentage of the total link strength, 
using the minimum value for the percentages of 
the total link strength of all co-occurrence items 
from one county/region. Then, one-sample t-tests 
were conducted for each county/region after im-
putation, using the following formula:

t = x– - μ 0 / SE

where x– represents the mean percentage value 
of the total link strength of a co-occurrence item 
in the other two countries/regions for a given 
country/region; μ0 represents the percentage of 
the total link strength of the co-occurrence item 
in a given country/region; SE represents the 
standard error of the percentages of the total link 
strength of the co-occurrence item in the other 
two countries/regions. Students’ left-tailed t-dis-
tribution tests were conducted on the t-values to 
calculate the significance of all co-occurrence 
items from different countries. China had 97 
co-occurrence items, which differed significantly 
from those of the other two regions, while the US 
and EU had 39 and 50, respectively (p < 0.05).

Research Results
A total of 51 co-occurrence items were identi-

fied in the documents from China, USA, and EU 
(which are referred to as the shared items). A total 
of 256 co-occurrence items were only mentioned 
by two countries/regions or one country/region 
(which are referred to as non-shared items).

The variation coefficients of the following five 
shared items, which showed significant similar-
ity, were below 0.039: viral pneumonia, coro-
navirus infections, coronavirus, humans, and 
phylogeny. These items had similar occurrence 
frequencies in the documents from the three 
countries/regions. Personalised analysis focused 
on shared and non-shared items with low sim-
ilarity. A total of 98 items with significant 
differences were identified in documents from 
China, 95.92% of which were unique items; 39 
were found in documents from USA, 28.21% 
of which were unique items; 50 were found in 
documents from EU, 74% of which were unique 
items. This may be closely related to the pattern 
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of academic cooperation among the three coun-
tries/regions. For example, USA published more 
papers that resulted from international coopera-
tion than China and EU. Since many co-occur-
rence items had significance in documents from 
the three countries/regions, it was impossible to 
list and analyse them individually. To highlight 
the differences, while avoiding contingency in 
the significance of a single item, first, the items 
that appeared frequently in different countries/
regions and that can be classified were grouped; 
then, groups with more items were selected for 
difference analysis (see Figure 2, more details 
can be found in part 2 of the Supplementary 

Materials). Item classification was based on the 
meaning and their references in the text.

This study adopted the mode of manual 
grouping, without using the original grouping 
information provided by VOSviewer. The rea-
sons are as follows. (1) The grouping informa-
tion provided by VOSviewer did not include all 
items. (2) Only items without significant differ-
ences were included, which does not effective-
ly reflect the item categories with significant 
differences. (3) The grouping information was 
based on the intensity of item co-occurrence, 
not on the meaning of items. (4) Since different 
research methods were used for the same re-

Figure 2. Representative co-occurrence items with significant differences between China, USA, and EU. Circle size 
represents the significance level and larger circles represent more significant p-values.

https://www.europeanreview.org/wp/wp-content/uploads/Supplementary-Materials-10113.pdf
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search content, completely different modes of 
co-occurrence items likely appear, despite their 
similarity in research significance and research 
objective.

Comparative Analysis
Difference analysis showed that the difference 

of non-shared items in documents from China, 
USA, and EU was larger than that of shared 
items. Among all items with significant differ-
ences, non-shared items from China, USA, and 
EU accounted for 96.9%, 60%, and 90%, respec-
tively.

Comparative Analysis of Studies on the 
Correlation With SARS or MERS

Although three items related to SARS and 
MERS were added to the list of shared items 
(SARS, MERS-CoV, and SARS-CoV), these 
did not yield significant similarities. MERS-
CoV (p = 0.0104) and SARS (p = 0.0274) were 
popular in documents from USA, but not in 
documents from China or EU. Studies on the 
correlation of COVID-19 with SARS or MERS 
mainly focused on the sources of infection and 
cell receptors. Most studies indicated that the 
source hosts of SARS-CoV-2 were bats, which 
is identical to SARS and MERS7. This is also 
similar to the bat SARS coronavirus transmit-
ted by Rhinolophus sinicus8. Therefore, bats 
represented significant differences in documents 
from USA. With regard to cell receptors, a num-
ber of studies claimed that SARS-CoV-2CoV 
and ACE2 require the same receptor (ACE2) to 
enter human cells9-11. The item “ACE2” has been 
mentioned in both documents from China (p = 
0.6535) and USA but was significant only for 
USA (p = 0.0427).

Studies on the differences between COVID-19 
and either SARS or MERS mainly concentrated 
on sequence homology, clinical features, infec-
tivity, and pathogenicity. Lu et al9 reported that 
the genome sequence of 2019-nCoV was more 
distant from that of SARS-CoV (about 79%) 
and MERS-CoV (about 50%). Moreover, with 
regard to clinical symptoms, COVID-19 had 
more cases with mild symptoms than SARS 
and MERS12, but it was found to be more in-
fectious13. Items related to these studies, such 
as “severity of illness index” (p = 0.0135), 
“infectious disease transmission” (p = 0.0167), 
and “whole genome sequencing” (p = 0.0318), 
were significant in documents from China. 
Items such as “genome, viral”, and “models, 

molecular” showed differences in documents 
from USA (Cluster 9), while “viral envelope 
proteins”, “evolution, molecular”, and other 
items showed significance in documents from 
EU (Cluster 18).

Differences in Research Perspectives: 
China Focused More on Clinical 
Experience, While USA and EU Focused 
More on Experimental Research

In the documents from China, items related 
to clinical symptoms and patient characteristics 
showed higher significance, and about 93% of 
these were unique. Firstly, radiological items 
had higher significance. Among them, “tomog-
raphy, x-ray computed” (the highest signifi-
cance), “radiology, thoracic” (the sixth highest 
significance), and “CT” were used to describe 
cases where a ground glass shadow appeared in 
the lungs of patients with COVID-19 (Cluster 1). 
Secondly, “fever” and “cough” were the most 
common clinical symptoms in patients with 
COVID-19 in China14. Many comorbidities were 
also reported, such as hypertension15. Thirdly, 
this study focused on differences in the symp-
toms of patients with different ages or genders. 
In this epidemic situation, the aged are at high-
er risk15, while female patients showed milder 
symptoms than male patients16. Clinical expe-
rience is an important perspective in China’s 
research on COVID-19, while USA and EU pre-
dominantly focused on experimental research. 
For example, when exploring the infectivity of 
COVID-19, a Working Group from the Chi-
nese Center for Disease Control and Prevention 
assessed the clinical manifestation and found 
COVID-19 to be more infectious17. However, by 
assessing experimental research, US research 
found that the binding ability of spike protein to 
the ACE2 receptor was stronger in SARS-CoV-2 
than in SARS-CoV, indicating that COVID-19 
had higher infectivity than SARS13. Among the 
items with significance of USA and EU, items 
related to experimental research accounted for 
28.2% and 20%, respectively (Clusters 9 and 
18, respectively); however, for China, these ac-
counted for only 6.19%. Among items with 
significance in China, studies related to clinical 
symptoms or patient characteristics accounted 
for 16.49% (Cluster 2), compared with 2.56% 
and 2% in studies from USA and EU, respec-
tively.

China and USA both stressed drug research 
and development to combat COVID-19, but the 
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applied research perspectives differed in the se-
lection of existing drugs. China selected drugs 
based on clinical treatment experience, while 
USA selected drugs by comparing the struc-
ture of SARS-CoV-2 with the structures of 
other viruses. With regard to the treatment of 
COVID-19, China preferred to combine TCM 
and Western medicine, while USA and EU only 
focused on Western medicine. In the Protocol 
for Prevention and Control of COVID-19 (Edi-
tion 3) issued by China’s National Health Com-
mission on January 23, 2020, TCM was included 
in the diagnosis and treatment protocol (mainly 
based on clinical manifestations). From the per-
spective of TCM, COVID-19 was characterised 
to have “damp, heat, and hyperaemia” syn-
dromes18. More than 85% of patients in China re-
ceived TCM treatment19. During the early stage 
when no specific Western medicine was avail-
able, TCM could be used for treatment through 
“symptom-based” adjustment or in combination 
with other drugs20. Thus, in the documents 
from China, “drugs, Chinese herbal” and “Chi-
nese traditional medicine” showed higher sig-
nificance (Cluster 4). Since China stressed drug 
combinations, lopinavir and ritonavir (Abbvie, 
North Chicago, IL, USA) were recommended in 
the third edition of the diagnosis and treatment 
protocol, and chloroquine was recommended in 
the sixth edition. US scholars also recommend-
ed lopinavir and ritonavir because these two 
medicines interact strongly with the active site 
of the main protease of SARS-CoV-221. Other 
scholars found that SARS-CoV-2 and SARS-
CoV showed high similarity in several protein 
sequences; therefore, remdesivir (Gilead, Foster, 
CA, USA), which achieved a good effect for the 
treatment of SARS and MERS, was reported to 
have potential22. USA predominantly focused on 
the research and development of vaccines, and 
scholars investigated the feasibility of vaccine 
development by exploring the binding of ACE2 
and spike protein and amino acid sequences10,11. 
The item “antibody” was often used in publica-
tions on vaccines; therefore, the item “viral an-
tibodies” also showed significance (Cluster 10).

USA and EU: Improvement of 
Detection Methods and Predictions 
Based on Mathematical Models

USA and EU focused on the improvement of 
virus detection methods during the early stage. 
Currently, 2019-nCoV cannot be detected by any 
multiplex nucleic acid amplification test (NAAT) 

currently commercially available on the market. 
RT-PCR also has a limited detection capability23. 
Therefore, the item “nucleic acid amplification 
techniques” related to virus detection showed 
significance in documents from USA (Cluster 13). 
EU studied more accurate and timely methods 
that are also applicable for large-scale detection. 
Several studies suggested that there is still room 
for improvement in molecular detection, RT-PCR, 
and PCR detection24. This emphasis on detection 
methods partially explains the significance of 
“polymerase chain reaction, reverse transcriptase 
polymerase chain reaction” in documents from 
EU (Cluster 16).

During the early state, the situations of the 
COVID-19 epidemic in USA and EU were not 
considered to have entered a serious stage; there-
fore, data models were used to predict the devel-
opment of the epidemic under different regulatory 
scenarios. USA performed computer simulation 
on risk values, and conducted real-time forecasts 
on the distribution of virus risk values in different 
countries (Cluster 8)25. EU assessed the develop-
ment of epidemic situations under different mon-
itoring measures according to “Bayes’ Theorem” 
and “models, statistical”26; therefore, the item 
“forecasting” was also significant (Cluster 17). 
Model prediction can provide a basis for the gov-
ernment to rapidly formulate plans or measures27; 
therefore, items related to “plans or measures” in 
studies by EU also showed significance.

China and EU: Epidemic Monitoring
and Regulation

Both China and EU focused on asymptomatic 
infection during the early stage. Several patients 
were infected with SARS-CoV-2 but showed no 
symptoms28, and cross infection has been dis-
covered. Many studies in China focused on the 
incubation period and identified 2-7 days28 and 
12.5 days29. China attached great importance to 
investigations of patients who had contact with 
infectors; therefore, the item “surveys and ques-
tionnaires” was significant (Cluster 5). Among 
items with different significance in the docu-
ments from EU, seven were related to monitoring 
and regulation, which accounts for 14% (Cluster 
14). Because the epidemic situation in EU was not 
serious during the early stage, it was argued that 
attention to imported cases would be sufficient30. 
This explains the significance of items related to 
transport and travel, such as “ships and air trav-
el”. In response to the increasing number of cases 
in EU during later periods, researchers began to 



X. Cheng, M.-T. Zhou, L. Tang, G.-Y. Wang

12552

consider the measures of strict monitoring and 
regulation as well as isolation, as implemented by 
China. Researchers suggested that such an explo-
ration could help to control the epidemic situation 
before a vaccine is developed and may provide a 
reference for EU31.

Other Characteristics: Retrospective 
Studies, Mental Health, Pregnant 
Women, and Animal Hosts

Early studies on COVID-19 in China exten-
sively used retrospective studies. As a crucial 
method in clinical research, a retrospective study 
looks back in time and examines causes from 
results32. “Retrospective studies” and “cohort 
studies” (to which retrospective studies belong)33 
were both significant and unique to China (Clus-
ter 3). As shown in the PubMed database, 83% 
of publications that used retrospective study as 
methodology in China focused on summarising 
symptoms, while only 11% focused on sum-
marising drug treatment effects. Mental health 
was also a priority that received more attention 
from China than from either USA or EU during 
the early research stage. During the epidemic 
period, both medical staff and the public faced 
physiological and psychological pressures34. This 
explains why “mental health” and items related 
to psychological symptoms such as “anxiety and 
depression” have become items with significance, 
unique to China (Cluster 6).

During the early stage, studies by US scholars 
explored how pregnant women and their foetuses 
would be affected by infection with COVID-19. 
According to their findings, little evidence sup-
ports vertical transmission of COVID-19. During 
the early stage, USA also closely focused on 
animal hosts of the virus since COVID-19 is a 
zoonosis35. However, early studies did not reach 
a consensus on the intermediate host36. There-
fore, items related to animals showed significant 
differences in documents from USA (Cluster 11).

Discussion 

Causes of Differences
First, the developments of epidemic situations 

in China, USA, and EU had different time points 
and stages. During the respective early stages, 
the numbers of cases in USA and EU were much 
lower than in China; therefore, USA and EU pre-
ferred to learn about COVID-19 via laboratory 
research. The different stages of an epidemic 

situation require different tasks, similar to the 
different tasks during different stages of the 
H1N1 epidemic as divided by the CDC in USA37. 
In the guiding manual of the WHO, primary tasks 
before the stage of the global SARS pandemic 
included risk assessment, establishment and im-
provement of a surveillance system, evaluation 
of high-risk patients through clinical algorithms, 
and promotion of laboratories to establish inter-
national quality assurance on SARS-CoV detec-
tion38. This is similar to studies that investigated 
how USA and EU coped with COVID-19. EU 
and USA adhered to previous experience for the 
prevention and control of epidemics. A severe 
epidemic situation imposes a major psychological 
test on medical staff and the public34. However, 
during the early stage of this epidemic, neither 
EU nor USA employed such psychological tests. 
Therefore, the differences in research on mental 
health were related to disease severity.

Second, these three regions have different ex-
periences in coping with infectious diseases. Ra-
diological items and symptoms were significant 
in early Chinese publications, which is partially 
because China has included clinical symptoms 
in the diagnostic criteria for COVID-19. China’s 
Diagnostic criteria for severe acute respiratory 
syndrome (WS286-2008) already included clinical 
symptoms and X-ray images of the lung as part of 
the criteria for clinical diagnosis. Therefore, for 
the diagnosis of infectious pneumonia, China has 
a tradition to rely on clinical symptoms and radiol-
ogy. Although China and USA both relied on labo-
ratory tests to assess the confirmed cases of SARS, 
there were no clinically diagnosed cases in the 
diagnostic criteria for SARS in USA (see: https://
wwwn.cdc.gov/nndss/conditions/severe-acute-re-
spiratory-syndrome-associated-coronavirus-dis-
ease/case-definition/2003/07/). However, in case 
of an epidemic outbreak, clinical symptoms can 
be used as a substitute for laboratory tests when 
assessing confirmed cases. China and EU both 
applied clinical symptoms as diagnostic criteria 
for H1N1 (see https://www.ecdc.europa.eu/en/sea-
sonal-influenza/facts/factsheet (EU); http://www.
gov.cn/gzdt/ 2009-10/13/content_1437636.htm). 
China revised its diagnosis and treatment protocol 
when the epidemic situation of COVID-19 became 
serious and included clinical manifestations and 
CT laboratory examinations in the diagnosing 
methods in the Diagnosis and Treatment Protocol 
(Trial Version 2-6) for COVID-19.

With regard to COVID-19, the diagnostic 
advantages of radiological manifestations and 
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laboratory tests were controversially discussed. 
Compared with radiological manifestations, lab-
oratory diagnosis can detect specific pathogens39, 
and distinguish a bacterial infection from a viral 
infection in pneumonia40. However, during the 
early stage, COVID-19 could not be accurately 
identified via laboratory tests. The reason was 
that the early laboratory tests suffered from a 
high false-negative rate in RT-PCR tests, and 
failed to identify prior infection of rehabilitating 
patients39,41. In addition, the laboratory detection 
capacity and test kits for SARS-CoV-2 were not 
available in sufficient quantity during the early 
stage30,41; therefore, radiological manifestations 
offer a better method in an epidemic outbreak.

Third, during the early stage, China, USA, and 
EU followed different standards for formulating 
COVID-19 prevention and control measures. Math-
ematical models are a common method in epide-
miological research3, since they enable the estab-
lishment of dynamics approaching real-world cases 
through large-scale detailed data within a short 
time42. Mathematical models can also help to es-
tablish new methods for the prevention and control 
of epidemics43, and also impact policies of public 
health in specific countries44. Mathematical models 
from EU and USA focused on predicting the infec-
tivity of COVID-19 in advance, while China mainly 
referred to already existing cases for infectivity 
information. In the Protocol for Prevention and 
Control (Edition 2), China emphasised that both 
the epidemic situation and research progress form 
the basis for formulating an appropriate protocol. 
Therefore, the judgment of the viral infectivity by 
the protocol mainly depends on epidemic manifes-
tations. Early mathematical models from EU and 
USA also focused on the development of the epi-
demic situation in response to regulatory measures 
with different stringencies45. During the early stage, 
China uniformly implemented highly strict preven-
tion and control standards for all regions. For exam-
ple, by 29 January 2020, all provinces and regions 
in mainland China had initiated their first-level 
response to public health emergencies, which was 
not relieved until the release of the Protocol for 
Prevention and Control (Edition 5) on February 21. 
This protocol proposed the accurate prevention and 
control level according to the different risk levels of 
the COVID-19 epidemic. Therefore, the previous 
Protocol for Prevention and Control in China did 
not consider regulatory measures with different 
stringencies.

Only after a reasonable assessment on the in-
fectivity of the virus and different prevention and 

control measures, USA and EU announced the 
measures to take. During the early stage, when 
few cases were available for study, USA and EU 
relied more on the results of mathematical mod-
els. The reason is that mathematical models are 
ethical and quickly provide a reference for the 
formulation of prevention and control measures27. 
Taking the UK as example, after the British 
government announced the measure of “herd 
immunity” on 12 March, the BBC, in its report 
on the event, quoted the model “flatten the curve” 
adapted by Carl T (see: http://smaldino.com/wp/
covid-19-modeling-the-flattening-of-the-curve/) 
on 6 March (see: https://www.bbc.com/news/
science-environment-51892402). The result was 
also published on the website of the British 
National Ministry of Health. The “flatten the 
curve” model indicated that, without supervisory 
measures, the number of patients would increase 
dramatically, but the epidemic would last for a 
shorter period. News reported by The Sun and 
The Daily Telegraph in the UK indicated that the 
peak of the epidemic was exactly the peak of the 
“flatten the curve” approach (see: https://www.
thesun.co.uk/news/11164977/millions-uk-coro-
navirus-herd-immunity/; https://www.telegraph.
co.uk/news/0/has-uk-passed-peak-coronavirus-
cases-deaths/).

Fourth, TCM is controversial in both Chinese 
and Western medicinal culture. In China, TCM 
was already used for the treatment of SARS18. 
Faced with a new disease, TCM can meet the 
requirements for rapid treatment without specific 
treatment plans proposed by Western medicine. 
The reason is that TCM is prescribed according 
to symptoms (“zheng” in Chinese) based on 
thousands of years of experience20. TCM targets 
non-specific and partially-specific aetiology. In 
contrast, Western medicine clarifies aetiology, 
pathology, and other specificities at cellular or 
molecular levels, which consequently requires a 
longer period to develop46. It is very difficult for 
countries outside of East Asia to accept TCM47,48. 
Very specific TCM therapies contain antiviral 
ingredients20, and impose less side effects than 
Western medicines49. However, non-Chinese 
scholars believe that the toxicity of TCM has not 
been sufficiently specified47, including the ingre-
dients of prescription medications50.

It is essential to note that many differences 
among the three countries/regions are attributable 
to multiple factors. For example, in addition to the 
reasons mentioned above, the applied diagnostic 
protocols and mathematical models also differed 
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because of the different stages of epidemic de-
velopment between these three countries/regions. 
Therefore, in this study, the distinctive features 
reported by EU and USA are primarily identi-
fied as a result of the research status before the 
outbreak, while those reported by China are pri-
marily identified as a result of the research status 
after the outbreak.

Differences Between Information and 
Knowledge

In today’s era of widespread information 
sharing, it is surprising that EU and USA have 
not frequently quoted the information shared 
by China during the early stage (such as symp-
toms). This can be explored from the perspec-
tive of a distinction between “information” and 
“knowledge”. Data, information, knowledge, 
and wisdom all belong to the DIKW system51-53 
and are connected by a hierarchical relationship. 
Data is considered as values of no practical sig-
nificance, and, in clinical terms, only consists of 
measurements and descriptions52. Information, 
however, is data infused with meaning after 
being systematised and structured in a spe-
cific context53,54. Knowledge is structured and 
organised information, formed through cogni-
tive processing and verification51; therefore, it 
is effective and authoritative54. Most scholars 
assume that “information” aims at the problems 
of “who, what, where, and when”, while “knowl-
edge” aims at the problem of “how”55. Compared 
with knowledge, information only has meaning-
ful reference significance in a very specific con-
text, because its meaning is given in a specific 
context56. Without a specific context, different 
people apply different perceptions about the 
meaning of the same information53.

The COVID-19 epidemic belongs to epidemi-
ology. Epidemiologic studies focus on the patho-
genic manifestations of specific populations and 
places but cannot cover all patients with the same 
pathogenic condition57 (see https://www.cdc.gov/
csels/dsepd/ss1978/lesson1/section1.

html). This differs from knowledge that re-
quires multiple information sources from differ-
ent time periods53. For example, patient-related 
data reported by a study may have mainly orig-
inated from one specific medical institution57, 
which may be affected by the local living envi-
ronment or local living habits. Pearce claimed 
that most epidemiological studies could not be 
completely repeated by later studies, especially 
those that focus on living habits52. The pertinence 

of research objectives might also decrease the 
probability of being cited by other studies. Early 
SARS-CoV-2 studies mostly present informa-
tion, because knowledge requires more process-
ing time. China had more cases during the early 
stage; therefore, more studies that present case 
reports originated from China. A case report is a 
detailed report on the symptoms, physical signs, 
diagnosis, treatment, and tracking of a single 
case. According to PubMed, 45 case reports re-
ferred to COVID-19 from 30 December 2019, to 
11 March 2020. Of these, studies from China ac-
counted for 68.89%, while studies from USA and 
EU accounted for 4.44% and 6.67%, respectively. 
This also identifies the source of differences from 
another perspective. However, not all clinical 
descriptions failed to be cited in articles from EU 
and USA, but their number was limited. Com-
pared with China, EU and USA conducted more 
knowledge-level explorations, as indicated by the 
more numerous items with significance related 
to laboratory research, such as revealing patho-
genicity and infectivity. Knowledge is directive, 
and old knowledge can guide the understanding 
of new information53. Therefore, scholars, espe-
cially in USA, tried to understand COVID-19 
based on previous knowledge about SARS and 
MERS.

Limitations and Future Research
The limitations of bibliometrics analysis and 

visualisation have been extensively discussed58,59. 
For example, because of time limitation, manual 
coding and detailed content analysis were not 
applied to all publications. Therefore, the prob-
lem of incomplete coverage of information may 
affect the results. Still, a number of publications 
presented symptoms, but these have not been in-
cluded in case reports indexed by PubMed. More-
over, as a machine-analysis software, VOSviewer 
cannot recognise items of synonyms or the syn-
onyms themselves; therefore, errors might result 
when synonyms were artificially merged as a 
supplement.

Policy making requires the involvement of sci-
ence1,60; however, this does not necessarily mean 
that research results can or should be included in 
policy making. Studies by China and EU attached 
importance to regulation during the early stage. 
Despite being directed at the same pandemic, sig-
nificant differences exist in early studies across 
countries and regions. Future research will focus 
on the influence of science on policies, research-
ers who continued to use COVID-19 as a break-
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through point to explore the correlation between 
the content with significance in the papers from 
different countries/regions, and the prevention 
and control measures taken by the respective 
authorities.

Conclusions

This study found that differences in COVID-19 
research existed (at the early stage of the pandem-
ic) between China, USA, and EU as summarised 
in the following. First, China focused more on 
clinical symptoms while USA and EU focused 
more on experimental research. This difference 
is mainly reflected in the diagnostic methods 
and drug treatment. Second, publication from 
USA and EU were more geared toward detection 
methods and mathematical models, while China 
and EU focused more on epidemic surveillance 
and investigation. Third, these three countries/
regions showed individual characteristics. For ex-
ample, China emphasized retrospective research 
methods and mental health, USA emphasized the 
effects on pregnant women, and EU emphasized 
input cases.
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