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Abstract

Background: On January 7, 2020, the novel coronavirus named ”COVID-19” aroused worldwide concern was
identified by Chinese scientists. Many related research works were developed for the emerging, rapidly evolving
situation of this epidemic. This study aimed to analyze the research literatures on SARS, MERS and
COVID-19 to retrieve important information for virologists, epidemiologist and policy decision makers.

Methods: In this study, we collected data from multi data sources and compared bibliometrics indices among
COVID-19, Severe Acute Respiratory Syndrome (SARS), and Middle East Respiratory Syndrome (MERS) up
to March 25, 2020. In purpose to extract data in corresponding quantity and scale, the volume of search
results will be balance with the limitation of publication years. For further analysis, we extracted 1,480
documents from 1,671 candidates with Natural Language Processing technologies.

Results: In total, 13,945 research literatures of 7 datasets were selected for analysis. Unlike other topics,
research passion on epidemic may reach its peak at the first year the outbreak happens. The document type
distribution of SARS, MERS and COVID-19 are nearly the same (less than 6 point difference for each type),
however, there were notable growth in the research qualities during these three epidemics (3.68, 6.63 and
11.35 for Field-Weighted Citation Impact scores). Asian countries has less international collaboration (less than
35.1%) than the Occident (more than 49.5%), which should be noticed as same as research itself.
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Background
An ongoing epidemic of novel coronavirus disease
2019 (COVID-19) that initially reported as pneumo-
nia of unknow cause in Wuhan, China, continued
to be spreading globally. The COVID-19 attacked
both global public-health and economy, and hence the
Public Health Emergency of International Concern
(PHEIC) has been established by the World Health
Organization (WHO) with strategic objectives to cur-
tail its negative impact on 30 January 2020 [1]. How-
ever, the number of Confirmed COVID-19 Cases is ex-
ponentially increasing in many countries and onboard
the cruises ships [2–6], so that it is a challenge to mini-
mize the risk from COVID-19 and a systematic review
is absolutely necessary. To date, no specific antiviral
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treatment has proven effective. Hence, infected people

primarily rely on symptomatic treatment and support-

ive care [7].

On the other hand, Chinese people have significantly

contributed to the epidemic prevention and control,

and WHO also agreed with their efforts in this out-

break [8]. In order to minimize the risk of the ongoing

epidemic in early phase, the Chinese Center for Disease

Control and Prevention (CCDC) had set up an ad hoc

expert team to rapidly conduct epidemiological inves-

tigations in Wuhan, Hubei province, China. Preventive

measures such as masks, hand hygiene practices, avoid-

ance of public contact, case detection, contact tracing,

and quarantines have been discussed as ways to reduce

transmission. As a result, the containment strategies

including the non-pharmaceutical public health mea-

sures implemented in China are proved to be effective

and successful [9].
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Bibliometrics is the use of statistical methods to an-
alyze publications, it can also be applied to find the
research characteristics on an outbreak such as an epi-
demic or pandemic [10–12]. Nowadays, we do research
of bibliometrics not only relying on statistical meth-
ods, but also using new technologies such as Data Min-
ing and Natural Language Processing in Artificial In-
telligence field.

In this study, we analyzed research literatures for
SARS, MERS and COVID-19 from different aspects
including the growth of document counts, document
types, research qualities, international collaboration.

Methodology
Data source
PubMed, which is established by National Institutes
of Health (NIH), is also considered as the most com-
prehensive medical literature worldwide database [13];
Another sensible choice for bibliometrics is Scopus,
which is held by Elsevier and contains 1.4 billion cited
references dating back to 1970 [14]; For a further view
on this outbreak, we added the literatures from both
bioRxiv [15] and medRxiv [16], that are the preprint
servers for Biology and Health Sciences respectively.
Although the literatures from a preprint server such
as bioRxiv are preliminary reports that have not been
peer-reviewed, they also make sense on helping us to
know about research activities with bibliometrics ap-
proaches.

Search strategy
Study design
To understand whole picture about the present sit-
uation of research on COVID-19, we collected data
from multi data sources and compared bibliometrics
indices among COVID-19, Severe Acute Respiratory
Syndrome (SARS), and Middle East Respiratory Syn-
drome (MERS) up to March 25, 2020. Furthermore,
in purpose to extract data in corresponding quantity
and scale, the volume of search results will be balance
with the limitation of publication years.

Search strategy for SARS
To maintain the search comprehensiveness, the search
conditions were consisted of the full name ”Severe
Acute Respiratory Syndrome” and the corresponding
abbreviations ”SARS coronavirus” and ”SARS-CoV”,
and ensured the above search terms appear in at least
one place in the title, abstract or keywords. The search
was conducted with restriction on publication date so
as to compare the three diseases from start to end
with less overlap, for SARS, the publication date was
restricted from 2003 to 2008.

Hence, we collected the literature dataset from Sco-
pus with the search expression (case ignored) as fol-
lows:
PUBYEAR > 2002 AND PUBYEAR < 2009 AND
TITLE-ABS-KEY ((”SARS” AND ”coronavirus”) OR
”SARS-CoV” OR ”Severe Acute Respiratory Syn-
drome”)

Search strategy for MERS
For MERS, the search was restricted to articles with
the following terms in their titles, abstract or key-
words, the full name ”Middle East Respiratory Syn-
drome” and the corresponding abbreviations ”MERS
coronavirus” and ”MERS-CoV” from 2012 to 2018.
The advanced search expression at Scopus is,
PUBYEAR > 2011 AND PUBYEAR < 2019 AND
TITLE-ABS-KEY((”MERS” AND ”coronavirus”) OR
”MERS-CoV” OR ”Middle East Respiratory Syn-
drome”)

Search strategy for COVID-19
For COVID-19, the search was restricted to articles
with the following terms in their titles, abstract or key-
words, the full name ”Novel Coronavirus” and the cor-
responding abbreviations ”COVID-19”, ”2019-ncov”
and ”SARS-CoV-2” from 2019 to now.

We picked up the literature dataset from Scopus with
the search expression,
PUBYEAR > 2018 AND (”Novel Coronavirus” OR
”COVID-19” OR ”2019-ncov” OR ”SARS-CoV-2”)

In addition, to cover relevant articles for further
discussion, we also collected research literatures from
PubMed, bioRxiv and medRxiv with the search ex-
pression ”coronavirus OR ncov OR COVID-19”, and
then checked whether the literature is about COVID-
19 with its title and abstract with Natural Lan-
guage Processing and Data Mining technologies. Since
”ncov” and ”coronavirus” could be find in documents
not related to COVID-19, we calculated document em-
beddings of each document [17], and picked up 1,480
documents which were strictly related to COVID-
19 from 1,671 documents with Support Vector Ma-
chine [18]. This Natural Language Processing approach
made us use less time cost to get high relative docu-
ments.

Results
Dataset selection
Table 1 shows 6 datasets which is selected for data
analysis and discussion following the study design and
search strategy above.

It should be noted that COVID-19 was still spread-
ing, for the comparison of items that should be on
the same timeline such as international cooperation,
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Table 1 Datasets of SARS, MERS and COVID-19

Name Content Doc counts

SARS-all
Research archives on SARS
collected from Scopus during
2003-2008

7,272

SARS-03
Research archives on SARS
collected from Scopus in
2003

1,835

MERS-all
Research archives on MERS
collected from Scopus during
2012-2018

2,199

MERS-13
Research archives on MERS
collected from Scopus in
2012 and 2013

163

COVID-19
Research archives on COVID-19
collected from Scopus in
2019 and 2020

996

COVID-19
-expanded

Research archives on COVID-19
collected from PubMed,
bioRxiv and mexRxiv

1,480

we limited ”the first one year” for each disease under
observation, that was 2003 for SARS, 2012-2013 for
MERS(while the emergence of MERS was in Septem-
ber 2012, the relevant articles were mainly published
in 2013), and 2019-2020 for COVID-19(since the first
series of cases were reported in December 2019).

Statistical information and data distribution
Growth of document counts for SARS and MERS
Fig. 1 shows the growth of document counts with
Dataset SARS-all and Dataset MERS-all. We found
that unlike research archives on SARS, the peak of
research archives on MERS was appeared in the 3rd
year.

Document type distributions
Fig. 2 shows the distributions of document type for
Dataset SARS-03, Dataset MERS-13 and Dataset
COVID-19. All the distributions of document type for
these three datasets are nearly the same (the maxi-
mum difference was 6 point between SARS and MERS
in the type ”Article”). Hence, we considered that it
was fair to compare these datasets as the beginning
research literatures of each disease.

Author affiliations and countries
In purpose to know which institution concerned on
the epidemics of SARS, MERS and COVID-19, we ex-
tracted the affiliations from Dataset SARS-03, Dataset
MERS-13 and Dataset COVID-19.

Table 2 shows TOP 5 author affiliations in the rank-
ing of document counts during SARS, MERS and
COVID-19 epidemics. It was apparent that The Uni-
versity of Hong Kong payed much more attention on

these SARS-like disease even at the beginning of the
epidemics. Chinese Academy of Sciences was also con-
cerned on SARS and COVID-19, and there was less
focus on MERS from Chinese mainland. On the other
hand, it is notable that institutions from Saudi Arabia
appeared in the top 5 ranking list.

Chinese researchers (including researchers from Chi-
nese mainland, Hong Kong, Macao and Taiwan) had
published 542 literatures (29.5% in 1,835) and 400
literatures (40.2% in 996) for SARS and COVID-19
respectively. They had also published 39 literatures
(23.9% in 163, including 21 literatures from Hong
Kong) for MERS while researchers from the United
States reached 59 (36.2% in 163). This is also the ev-
idence that Chinese researchers, especially researches
from Chinese mainland, had been less concerned about
epidemics not started from China.

Research qualities
There are many methods for evaluate qualities of re-
search in different levels. For example, citation count
for evaluating a research article, h-index or g-index
for research output of a researcher [19]. In this study,
we evaluate datasets of research articles extracted
from Scopus with average FWCI(Field-Weighted Ci-
tation Impact) scores, which is a sophisticated nor-
malized bibliometrical indicator influenced by total ci-
tations, publication year, and subject area [20]. The
FWCI indicators of SARS-03, MERS-13 and COVID-
19 datasets were respect 3.58, 6.62 and 11.35. The
greater the FWCI indicator, the better quality of the
dataset is, and it means better than the average of its
subject area (Medicine) if FWCI indicator is greater
than 1. Therefore all the datasets was better than
the average of Medicine subject area, and there was a
steady growth in the research qualities of these three
datasets.

International collaboration
The international collaboration ratio of Dataset SARS-
03 was 6.7% while MERS-13 and COVID-19 were
33.3% and 34.3% respectively. Hence, at least dur-
ing the MERS epidemic, the researchers had attached
the importance of international collaboration. Further-
more, the international collaboration ratio of Dataset
COVID-19-expanded which contained commentaries
and editorials was 22.6%, and Table 3 shows interna-
tional collaboration of China, USA, Japan, Korea, UK
and Italy. From this table, we found that the countries
of the Occident such as USA and Italy preferred to be
active in international collaboration than Asian coun-
tries. However, the international collaboration ratio of
Japan (35.1%) is much higher than China and Korea.
We noticed that Pakistan had 6 research articles in
Dataset COVID-19-expanded, while 4 of them were
had international collaboration with China.
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Table 2 Top 5 author affiliations of document counts during SARS, MERS and COVID-19 epidemics

SARS (Doc counts) MERS (Doc counts) COVID-19 (Doc counts)

Chinese University of Hong Kong(81) The University of Hong Kong(16) The University of Hong Kong(36)
The University of Hong Kong(63) Ministry of Health Saudi Arabia(16) Chinese Academy of Sciences(33)
Prince of Wales Hospital Hong Kong(64) Erasmus MC(10) Wuhan University(22)
Queen Mary Hospital Hong Kong(41) Universität Bonn(8) Ministry of Health Saudi Arabia(22)
Chinese Academy of Sciences(29) Johns Hopkins Aramco Healthcare(8) King Saud University(20)

Table 3 International collaboration in Dataset COVID-19-expanded

Content China USA Japan Korea UK Italy

International collaboration ratio 23.1% 50.2% 35.1% 25.6% 49.5% 50.8%

USA(84) China(84) USA(6) China(5) China(21) USA(12)
UK(21) Canada(13) China(5) USA(4) USA(13) China(6)

International collaboration (times) Canada(20) UK(13) UK(5) India(2) Germany(8) Brazil(6)
Finland(16) Italy(12) Columbia(4) Australia(1) Canada(6) UK(5)
Australia(13) Saudi Arabia(8) Nepal(4) Switzerland(1) Japan(5) Greece(3)

Discussion
As shown in Fig. 1, unlike other topics, for an epidemic
or pandemic, the motivation of academic research was
time-based and related to the focus of the outbreak. A
rapid growth for MERS from the first year (2013) to
the third year (2015) showed that MERS initiated in
2012 but had less concern on it about human-to-human
transmission until its outburst in 2015 [21]. MERS re-
production in Korea noticed us that it would be sen-
sible to do the similar research for the preparation of
next epidemic or relative epidemic. Hence, we should
also pay attention on the epidemic started from an-
other country as same as from whose own country. For
China, Hong Kong did better on the research of MERS
than other provinces, which could be inferred from
the ranking of MERS in Table 2. However, as men-
tioned above, Chinese mainland made many efforts on
data sharing of both academic research and treatment
cases in COVID-19 outbreak. Another thing can be
confirmed from Table 2 was that a region experienced
in an epidemic trended to be active in the research
on similar topics. The evidence was the appearance
of the organizations in Saudi Arabia in the column
of Dataset COVID-19. Therefore, our expectation for
Chinese researchers is that they can not only be active
in COVID-19, but also transfer their advanced experi-
ence of epidemic prevention from COVID-19 to other
similar topics in order to prepare for the next outbreak.

Furthermore, international collaboration is very im-
portant for prevent epidemics [22,23], and for influenza
prevention, scientists even have brought the Network
to where it is now and they will take it forward to the
future [24]. From Table 3, we found that Asian coun-
tries had less international collaboration than Euro-
pean countries and USA, although Japan appeared to
be better than China and Korea at the international
collaboration ratio of 35.1%. Many Asian researchers
used to publish academic literatures with their own

language such as Simplified Chinese, Japanese and
Thai, but it is hard to communicate to each other with
these languages while English speakers can do research
with international collaboration easily. However, as
mentioned, international collaboration will help us to
buy time for epidemic prevention, and we hope that
Artificial Intelligence such as Machine Translation will
cover this problem [25].

Conclusion
In this study, to analyze the research literature on
SARS, MERS and COVID-19, we selected data from
muti resources, cleaning and processing of the doc-
uments was performed with Natural Language Pro-
cessing technique to ensure the research contents are
highly related with our study scope. We analyzed the
relevant scholarly outputs on the aspects of publishing
trend, research quantity, significant institutions and
international collaboration. We found that research
passion on epidemics may always reach its peak at
the first year after outburst, however, the peak of re-
search on MERS appeared at the third year because of
its outburst of reproduction in 2015. For the research
quality, although we did better in research qualities
than before especially on COVID-19, research on epi-
demics not started from our own country should not
be looked down. Another important effective strategy
for enhancing epidemic prevention for China and other
Asian countries is to continue strengthening interna-
tional collaboration.
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Figures

Figure 1 Fig. 1 Growth of document counts in Dataset
SARS-all (left Y-axis) and MERS-all (right Y-axis) with
timeline alignment. The documents of SARS was decreasing
monotonically, but the documents for MERS was increasing
until the third year (400 documents) and then turned to
decrease.

Figure 2 Fig. 2 Distributions of document type. Inner ring,
middle ring and outer ring represented the ratios of document
types of Dataset SARS-03, Dataset MERS-13 and Dataset
COVID-19 respectively. The most sharp difference in this
figure was 6 point between SARS-03 (46%) and MERS-13
(52%) in Article Type.


