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Abstract

The COVID-19 pandemic has been characterized by an unprecedented amount of pub-
lished scientific articles. The aim of this study is to assess the type of articles published
during the first 3 months of the COVID-19 pandemic and to compare them with articles
published during 2009 HIN1 swine influenza pandemic. Two operators independently
extracted and assessed all articles on COVID-19 and on HIN1 swine influenza that had
an abstract and were indexed in PubMed during the first 3 months of these pandemics.
Of the 2482 articles retrieved on COVID-19, 1165 were included. Over half of them were
secondary articles (590, 50.6%). Common primary articles were: human medical research
(340, 59.1%), in silico studies (182, 31.7%) and in vitro studies (26, 4.5%). Of the human
medical research, the vast majority were observational studies and cases series, followed
by single case reports and one randomized controlled trial. Secondary articles were mainly
reviews, viewpoints and editorials (373, 63.2%). Limitations were reported in 42 out of
1165 abstracts (3.6%), with 10 abstracts reporting actual methodological limitations. In
a similar timeframe, there were 223 articles published on the HIN1 pandemic in 2009.
During the COVID-19 pandemic there was a higher prevalence of reviews and guidance
articles and a lower prevalence of in vitro and animal research studies compared with the
HINI pandemic. In conclusions, compared to the HIN1 pandemic, the majority of early
publications on COVID-19 does not provide new information, possibly diluting the origi-
nal data published on this disease and consequently slowing down the development of a
valid knowledge base on this disease. Also, only a negligible number of published articles
reports limitations in the abstracts, hindering a rapid interpretation of their shortcomings.
Researchers, peer reviewers, and editors should take action to flatten the curve of second-
ary articles.

Keywords Covid-19 - Coronavirus - SARS-nCoV-2 - Study design - Research quality -
Healthcare policy
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Introduction

The WHO was informed on December 31st 2019 that a number of patients were hos-
pitalized for a pneumonia of unknown etiology in Wuhan City, China (WHO 2020).
In the following week, molecular diagnostic techniques identified a novel coronavi-
rus (SARS-CoV-2) as responsible of the pneumonia (WHO 2020). That was the first
known outbreak of the disease that was lately renamed COVID-19. The SARS-CoV-2
has high transmissibility and an asymptomatic incubation period, during which trans-
mission may occur (Huang et al. 2020; Rothe et al. 2020). Due to its characteristics, up
to June 19th 2020, more than 200 countries have been affected by this disease (Centers
for Disease Control and Prevention 2020), resulting in the most relevant pandemic in
recent history.

Past coronavirus outbreaks have led to prolific publishing on these health issues
(Kagan et al. 2020). Similar surges in publication numbers were seen with earlier out-
breaks of viral diseases like SARS, MERS, Ebola, and Swine Flu, which then dropped
drastically when these diseases were contained (Kagan et al. 2020). The production of
a large bulk of literature in the early phases of such outbreaks can create a severe bur-
den for policy makers who need to make rapid evidence-based decisions for control-
ling the pandemic. They have to scrutinize large quantities of scientific publications to
assess what original research has been published on this topic and appraise the quality
of this research. It is especially important to identify articles that report novel informa-
tion to articles that summarize or comment on existing information, i.e. primary versus
secondary articles.

In this research study we have replicated this process and report on the character-
istics of articles published in the first trimester of the COVID-19 pandemic. Patients,
health care professionals, policy makers, and the general public want to know what
has been published on this health issue and what quality of research was available for
decision making. Researchers, editors, peer reviewers, and publishing companies get
an insight into the quantity and quality of articles that they contributed. The purpose
of the present meta-epidemiological study is to identify the proportion of primary and
secondary articles, to identify the proportion of studies that report limitations in their
abstracts and to compare publishing patterns during COVID-19 and during the only
other pandemic of the XXI century, the 2009 HIN1 swine influenza.

Methods

We performed a cross-sectional study of articles published during the initial period
of the COVID-19 pandemic. We adopted the Strengthening the Reporting of Obser-
vational Studies in Epidemiology (STROBE) Statement (von Elm et al. 2007) for
reporting this study and included its checklist (Additional file 1). We implemented two
changes compared with our original protocol. We did not assess whether studies origi-
nated as multi center research projects, because we realized that this information could
not be extracted reliably from every article. To fulfill the request of one of the peer
reviewers of this manuscript we included a new section: ‘Calculation of articles per
population, per gross domestic product (GDP) and per declared COVID-19 cases’.
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Eligibility criteria and search strategy

All articles retrieved on Medline through searching PubMed with the string “(COVID-19
OR COVID)” on April 2nd 2020 at 900 pm Central Standard Time, after application of the
filter ‘Abstract’, were eligible for inclusion in the study. The full search strategy is given in
Additional file 2A. Any type of article published on COVID-19 was eligible. This implies
that a broad spectrum of articles ranging from letters to the editors to randomized con-
trolled trials were eligible for inclusion. Articles were eligible if they included any ter-
minology related to SARS-CoV-2 (including but not limited to: SARS-CoV-2, COVID,
COVID-19, novel coronavirus 2019), in the title, abstract or full-text. For example, in vitro
articles in which other viruses (e.g., MERS-CoV, SARS-CoV) were used as a proxy for
SARS-CoV-2, were still eligible for inclusion in the study when the authors mentioned
SARS-CoV-2 or synonyms in the manuscript. No eligibility criteria were applied to spe-
cific participants, interventions, comparators, outcomes, endpoints, language or settings of
the articles. Articles that did not present an English abstract, as well as correspondence to
previous research studies and errata were excluded.

Selection of articles and data extraction

We extracted from each article the following information: ‘title’, ‘abstract’, ‘DOI’’, ‘num-
ber of authors’, ‘journal’, ‘date of creation’, ‘first author’, ‘country of the first institution of
the first author’, ‘article type’ (primary/secondary, defined below), ‘study design’ (defined
below), ‘number of patients included’ (only for human medical research), ‘presence of
objective in the abstract’, ‘presence of limitation in the abstract’, ‘main conclusion’ (Addi-
tional file 2B). Two operators (ND and RMR) conducted the selection of articles and data
extraction procedures independently. These procedures were pilot tested on 40 articles to
calibrate both operators and to fine-tune the data extraction forms. Disagreements during
the selection of articles and data extraction procedures were resolved through discussions
between both operators. Consultation with a third operator in the case of persisting disa-
greements was not necessary.

Classifications of the included articles

We used a multi-step approach in order to classify each article included in the study.
The overarching final classification was whether an article was primary, i.e., adding
original scientific information to the literature, or secondary. Primary articles refer to
original research studies and secondary articles refer to perspectives and syntheses of
the available knowledge on COVID-19 such as, viewpoints, commentaries, guidelines,
reviews etc. (Table 1). Our classification of included articles was not exclusively based
on the labels assigned to these articles, because study designs are often mislabeled by
the authors themselves (Esene et al. 2014). We therefore first assessed the validity of
such labeling by evaluating the study design in the full-text, before making our final
classifications of a study. Primary articles were divided in five categories, i.e., human
medical research, in silico, in vitro, animal research and human non-medical research,
and then in subcategories (Table 1). Many published articles included multiple analyti-
cal steps and could therefore represent one or more of these categories. For example, in
a study samples could be obtained from several patients—‘human medical research’—
then transferred to a petri dish and cultured—‘in vitro research’—and the results of the
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growth could then be modelled using computer simulation—‘in silico research’. Since
the purpose of the present meta-epidemiological study is to define the amount of infor-
mation obtained that is actually relevant for healthcare policy makers and clinicians,
the categorization of the articles was performed considering the theoretical order of
evidence provided by different study settings, i.e., human medical research > animal
research > in vitro research > in silico research. Therefore, if a study could fit in multiple
categories, we assigned the highest category based on that order. In the example above,
the study would have been categorized as ‘human medical research’. Similarly, a study
including abundant in vitro (or in silico) research and a final part on an animal model
would have been categorized as ‘animal research’.

Calculation of articles per population, per gross domestic product (GDP)
and per declared COVID-19 cases

Based on the suggestions of one of the reviewers during the peer-review process of the
article, we have extracted population, GDP and number of declared COVID-19 cases for
the ten countries that have published most articles. The population per country for the
year 2018 was extracted from The World Bank website which makes data publicly avail-
able. The year 2018 was the most recent year available. The data ‘population, total’ was
extracted. Country GDP for the year 2019 was extracted from the dataset World Economic
Outlook, online available in the International Monetary Fund website. Number of declared
cases on March 2nd 2020 (1 month prior our data extraction) was extracted from the data
published by the European Centre for Disease Prevention and Control (ECDC), publicly
available online. The number of articles published per million inhabitants was calculated
dividing the total number of articles published by each country for the country population
and multiplying it by 1.000.000. The number of articles published per GDP unit was calcu-
lated dividing the total number of articles published by each country for the country GDP.
The number of articles published per 100 declared cases was calculated dividing the total
number of articles published by each country for the number of cases and multiplying it by
100.

Abstract assessment

We screened all abstracts to assess whether the objectives and the limitations of the arti-
cle were reported or not. An abstract was defined as any type of information reported in
the area for abstracts in PubMed. Objectives were defined as ‘reported’” when the abstract
reported any type of statement that explained the purpose of the article. Limitations were
defined as ‘reported” when the abstract reported any type of statement that explained
limitation(s) of the article.

Limitations were further subdivided in ‘methodological limitation’ and ‘general limita-
tion’; articles were classified as reporting a ‘methodological limitation’ when they stated in
the abstract the presence of at least 1 limitation inherent to the article design (e.g., “due to
the inclusion of a convenient sample this report is at risk of selection bias™); articles were
classified as reporting a ‘general limitation’ when they stated in the abstract the presence of
a limitation that was not inherent to the article’s design (e.g., “more evidence is needed”,
“further research on the topic is warranted”).
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Selection, extraction & classification of articles on HIN1 2009 pandemic

We performed a search & extraction in an analogous way for articles published dur-
ing the early phases of the HIN1 2009 pandemic. We performed a search on Med-
line through PubMed with the string “HIN1”. We applied the text availability fil-
ter “Abstract” and ordered the articles by date of publication. Our search strategy is
reported in Additional file 2C. We extracted all the articles retrieved through the “Save”
function on a.csv file. We established which was the first published article on the HIN1
2009 pandemic (Centers for Disease Control and Prevention 2009) based on a CDC
summary (Centers for Disease Control and Prevention 2010). We then included three
full months of publications, i.e. from April 25th 2009 to July 25th 2009. Similar to arti-
cles related to COVID-19, articles were eligible for inclusion if they reported terminol-
ogy related to “HIN1”, “swine flu” or “the current pandemic”, among others. From the
articles included, we extracted country of origin, language of full-text, type of study and
study design were extracted in a similar fashion as was done for the COVID-19 articles.
The selection, extraction and classification of articles was performed independently by
two operators (ND and RMR) and disagreements were resolved by consensus.

Outcomes and prioritization
The primary outcomes of this meta-epidemiological study were:

e The proportion of primary articles over the total number of articles with an abstract
published during the first 3 months of the COVID-19 pandemic.
The proportion of articles reporting limitations in their abstracts.
The proportion of article types during COVID-19 and during the 2009 HIN1 swine
flu pandemic.

The associations of any of these outcomes with other individual article characteris-
tics were secondary outcomes.

Statistical analysis

Descriptive statistics are expressed as medians with interquartile ranges (IQR) and
ranges or absolute counts and percentages. Multivariable logistic regression models
were developed to explore the factors associated with the primary outcomes and pro-
vide odds ratio adjusted for confounders. Variables retained clinically significant were
entered in the models regardless of their statistical significance. Goodness of fit was
assessed with the Hosmer—Lemeshow test and Nagelkerke R squared was used as a
measure of predictive power. The first multivariable logistic regression had primary vs
secondary articles as the dependent variable and included the country of publication
(limited to the 11 countries with more publications), the language of full-text (English/
Other languages), the number of authors, and the number of days from the start of the
pandemic as predictor variables. The initial model had a significant Hosmer—Leme-
show test (P=0.004) and a low Nagelkerke R squared (0.27), due to non-linearities
in the number of authors variable. The model was rebuilt after binning the variable (0
authors, 1-2 authors, 3-5 authors, 6-10 authors,> 11 authors). The new model had a
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non-significant Hosmer-Lemeshow test (P=0.14) and higher Nagelkerke R squared
(0.33) and was retained. A univariable logistic regression model was built including
COVID-19 articles vs HINI articles as the dependent variable and including article
type as predictor variable. A multiple linear regression model was built including num-
ber of articles per country as the dependent variable and country population, country
GDP and country declared COVID-19 cases as predictor variables.

Data analyses and figures were performed using SPSS (version 24, IBM) and R 3.6.3
(R Core Team, 2020, www.R-project.org/). All P values were two tailed with nominal
statistical significance claimed for P <0.05.

RISV PRISMA 2009 Flow Diagram
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Fig.1 Modified PRISMA flow diagram showing the article inclusion process
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Results
Results of the search

The results of our search are presented in a flow diagram (Fig. 1). Our search yielded
2482 articles. After exclusions of articles without an abstract, we retrieved 1215 articles.
We excluded 50 articles based on the following rationale: duplicate articles (n=13),
articles that were not on COVID-19 (13), articles without an English abstract (6), let-
ter to previous papers (8), erratum (2), local morbidity reports (7), and statement of the
WHO (1). We included a total of 1165 articles on COVID-19 in the study.

Characteristics of published articles

Four countries contributed to three quarters (871, 74.8%) of the included articles,
i.e., approximately half of these articles, (588, 50.5%) came from China, 168 articles
(14.4%) from the United States, 77 articles (6.6%) from Italy, 38 articles (3.3%) from
the United Kingdom. The remaining 294 articles (25.2%) originated in decreasing num-
bers in Japan, Singapore, Korea, India, France, Germany, Taiwan, and other countries
(Table 2). When considering publications per million population, Singapore (4.43),
Italy (1.27) and Taiwan (0.68) were the most prolific countries. When considering pub-
lications per GDP point, Italy (256.7), China (96.4) and United States (73.0) were the
most prolific countries. When considering publication per 100 declared COVID-19
cases, India (700.0), United States (188.8), and United Kingdom (105.5) were the most
prolific countries (Table 2).

Half of the included articles, (578, 49.6%) came from 49 individual journals (range of
published articles per journal, 5-70). The full-text of 1000 of the 1165 articles (85.8%) was
in English. Of the remaining articles, 152 full-texts (13.0%) were in Chinese, 6 (0.5%) in
Spanish, 5 (0.4%) in German, and 2 (0.2%) in French. Articles included an average of 7.4
authors (SD: 6.98), ranging from 0 to 65 authors.

We identified 575 (49.4%) primary and 590 (50.6%) secondary articles. Of the primary
articles, 340 were human medical research (59.1%), 182 were in silico studies (31.7%), 26
were in vitro studies (4.5%), 20 were human non-medical research (3.5%), and 7 were ani-
mal research (1.2%). Of the secondary articles, the majority were reviews, viewpoints and
editorials (373, 63.2%). The second largest category was guidelines or guidance articles,
including 193 articles (32.7%), of which 169 were indications for specific departments,
patients or procedures. We included 23 systematic reviews (3.9%) and 1 protocol (0.2%).

Based on the multivariable logistic regression model, secondary articles were more
likely to be published in a language different than English (aOR 3.02, 95% CI 1.99 to 4.58),
to be published at a later stage of the pandemic (aOR 1.01, 95% CI 1.00 to 1.02), to include
a lower number of authors (multiple aORs, Table 3), and to be published by authors from
India, Italy, Singapore, Germany, and Taiwan (multiple aORs, reference: China; Table 3).
Of the 20 journals that published more articles on COVID-19, there was a wide variation
in the frequency of primary vs secondary articles (Fig. 2). Based on the multiple regres-
sion model [F(3,7)=29.4, P <0.001, R?=0.93], when adjusting for country population and
GDP, the number of cases declared at the start of March significantly predicted the total
number of articles published up to early April, with an increase of 6.7 articles (95% CI 4.1
to 9.4; P<0.001) for each 1000 case increase.

@ Springer



Scientometrics (2020) 125:795-812

804

JORWOPIOA WOIJ PAASLISY [OXUOD) PUE UOHUIARI] 28easI(] 10§ d1ud)) ueadoing ayy woiy a[qe[reeu(),

9)ISQAM SOTISTIE)S JUSWILLIOAOD) UBMIE] WIOLJ PAAJLIY “Ble(] Jueq PIOA\ YL WOl S[qe[IeArU(),

(Oapa) ronuo)

PuB UONUIARIJ s3SI J0f anua)) ueadoinyg ay) Aq paysiiqnd ejep ay wWoiy pajoenxa Sem (UOTORIX? BIep Ino Jord yiuow ) 0Z0Z PUZ YOIBJA UO SISED PAIB[OIP JO IdQUINN]
“Joo[INQ OTWOUODH PIOA\ 1SBIEP ) WOIJ PAJORIXd SEM G Jedk ) 10] JOO ANuno)) "a1Isqom Yueq PHIOA\ UL WOIJ pajoenxa sem §1(0g Jeak oy 1o uonerndod Anuno)

4! 009188 cL'10Y 6'C es1o 08'988°T6S°L SOTT PHOM

(014 00°0% €6°S LT 8L9°0 ¢£6'885°€T 91 uemre],

8¢el 00°0¢T e8¢el ! 69C°0 IT°LL6°99 81 Qduel]

S6'¢l 00°'6C1 0¢ 90 L1T0 8L°S06°T8 81 Auewrron

00L 00°¢ S (4% 9100 €CLIOTSET 1c BIpu]

S0 q00°GEE P 4! 4 Sl €9'909°1S 144 “doy ‘earoy]

86°¢T 00901 IL°S¢ L0 veEvr'y 89'8€9°C SC srodegurg

Y201 00'1S¢ vI'LE Lo S0c0 01°62TS9C1 9T ueder

96501 00'9¢ YI'LT 1At LSO ¥€°09%°99 8¢ wop3ury paju(

96V 00'689°1 L995T €0 VLTT 9L 1TH09 LL Arear

9L'881 00'68 Y0'€L [ 160 0S°L89°9T¢ 891 Soyel§ paun

€Lo 007€1°08 6£96 19 w0 00°0€LT6E'T 88¢ BUIYD

Laguno)
saseo (007 Jod soponae (00T pug Yoren) dao Iod soponae suosiad uorfrur 1od s9[o (810C ‘spues paystqnd so[o
paysiqnd Jo 1oquinN pare[oap sese)  paystqnd Jo roqunN (6107) dao  -nxe paysiqnd jo roqunN -noyy) uonendod  -1JIe Jo IoqunN

$ased Anunod 1od pue @O Anunod 12d ‘uoneindod Anunos 1od ‘Anunod 1od sojonte paysiiqnd jo Rquny g ajqel

pringer

Qs



Scientometrics (2020) 125:795-812 805

Table 3 Results of multivariable logistic regression analysis to determine factors associated with primary
article publication in 1165 articles published in the early stages of COVID-19 pandemic

Primary Secondary AOR 95% CI P value

No. (%) No. (%)
Days since Jan 1st 2020 76 +27 days 80422 days 1.012 1.004 1.020 0.004
Language of full text
English 513 (51.3%) 487 (48.7%) 3.02 1.99 4.58 < 0.001
Other than English 62 (37.6%) 103 (62.4%) Reference
Number of authors
None 5(16.7%) 25 (83.3%) 15.44 5.16 46.17 < 0.001
1-2 39 (18.3%) 174 (81.7%) 13.12 8.02 21.46 < 0.001
3-5 119 (36.8%) 204 (63.2%) 5.08 3.45 7.50 < 0.001
6-10 228 (65.0% 123 (35.0% 1.58 1.08 2.32 0.018
>11 184 (74.2%) 64 (25.8%) Reference
Country
China 356 (60.5%) 232 (39.5%) Reference
United States 59 (35.1%) 109 (64.9% 2.05 1.34 3.14 0.001
Italy 20 (26.0%) 57 (74.0%) 5.68 3.16 10.19 < 0.001
United Kingdom 15 (39.5%) 23 (60.5% 1.77 0.82 3.80 0.145
Japan 22 (84.6%) 4(15.4% 0.223 0.069 0.724 0.013
Singapore 9 (36.0%) 16 (64.0%) 4.17 1.70 10.27 0.02
Korea 17 (70.8%) 7 (29.2%) 0.402 0.142 1.138 0.09
India 4 (19.0%) 17 (81.0%) 7.17 2.23 23.04 0.001
Germany 5(27.8%) 13 (72.2%) 3.73 1.17 11.88 0.001
France 8 (44.4%) 10 (55.6%) 2.12 0.73 6.16 0.17
Taiwan 6 (37.5% 10 (62.5%) 3.01 1.01 9.03 0.049
Others 54 (37.0% 92 (63.0%) 1.97 1.27 2.05 0.002

Continuous data are reported as Median +IQR. Binary data are reported as number of observed events (per-
centage over the total). Hosmer—Lemeshow test: Chi square =12.2; P=0.14. Nagelkerke R squared: 0.33.
aOR adjusted odds ratios, CI Confidence intervals

Classification of primary articles

Human medical research consisted of 281 observational studies or case series (82.6%),
58 single case reports (17.1%), and 1 randomized controlled trial (0.3%). Human medical
research included a median of 23 patients (IQR: 85), ranging from 1 to 72,314 patients.
When only observational studies and case series were considered, the median number of
patients included was 38 (IQR: 106). The only RCT included in the study enrolled 199
patients.

In silico research consisted of 109 studies on epidemiological modelling (59.9%), 64
studies on biochemistry, biology, bioinformatics or molecular modelling (35.2%), 5 studies
evaluating or exploiting social media (2.7%), 3 studies on economical modelling (1.6%)
and 1 description of an open database for viral trends (0.5%).

In vitro research consisted of 7 studies on the development or performance of diagnostic
technology (26.9%), 7 studies on virus-host interactions (26.9%), 6 studies on gene expres-
sion or genomics (23.1%), 3 studies on pharmacological activity of compounds (11.5%),
and 3 studies on viral isolation, transport or elimination (11.5%).
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Fig.2 Bar plot showing the percentage of primary articles (white boxes) and secondary articles (grey
boxes) from the 20 journals that published more articles on COVID-19 in the first 3 months of the pan-
demic. Each bar represents all the articles published by each journal, with the number of articles showed
in each box. The bar labelled as “Others” includes all remaining journals that had less than 10 publications
each

Animal research consisted of 4 studies that included mice (1 immunization with SARS-
CoV S, 1 pharmacokinetic of a a-ketoamide inhibitor, 1 viral challenge with HCoV-OC43
and treatment with EK1C4, 1 hepatectomy and consequent gene expression)(57.1%), 1
study on hamsters challenged with SARS-CoV 2 (14.3%), 1 study on macaques challenged
with MERS-CoV and treated with GS-5734 (14.3%), and 1 study on presence of SARS-
CoV-2 related coronaviruses in Malayan pangolins (14.3%).

Human non-medical research consisted of 15 surveys, 8 on health professionals (40%),
7 on lay public (35.0%), 2 surveys of healthcare facilities (10.0%), 1 development of a
psychological scale (5.0%), 1 RCT on medical professionals (5.0%), 1 simulation of an
outbreak in a hospital (5.0%).

Reporting of limitations in the abstract

Limitations were reported in 42 out of 1165 abstracts (3.6%). Ten abstracts reported meth-
odological limitations, i.e., limitations related to the study design and the remaining 32
abstracts reported general limitations, such as the current lack of evidence on COVID-19,
or the need for further studies on COVID-19. Limitations were reported in 5 out of 23 sys-
tematic reviews (21.7%) and 2 out of 20 human non-medical researches (10.0%). All other
manuscript types had a frequency of reporting limitations between 0% and 3.8%.

Comparison with early publications during the 2009 H1N1 swine influenza
pandemic

Our search for articles on the 2009 HIN1 swine influenza during the first 3 months of that

pandemic yielded 434 articles. After exclusions of articles without an abstract, we retrieved
2309 articles. We excluded 16 articles that did not mention HIN1 or swine influenza in the
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full text. We included a total of 223 articles published at early stage of the 2009 HIN1
pandemic in the study. Eight countries contributed to three quarters (166, 74.4%) of the
included articles, with approximately one-third of the articles coming from the United
states (75, 33.6%) and one tenth of them coming from China (24, 10.8%). Almost all the
articles (215, 96.4%) had an English full text. Based on our previous classification, there
were 179 primary articles (80.3%) and 44 secondary articles (19.7%). The primary articles
included 71 human medical researches (39.7%), 36 animal researches (20.1%), 33 in vitro
studies (18.4%), 30 in silico studies (16.7%), and 9 human non-medical researches (5.0%).
Of the human medical research, 66 were observational studies and case series (92.9%),
3 were RCTs (4.2%), and 2 were single case reports (2.8%). The secondary articles were
mainly reviews, viewpoints and editorials (38, 86.4%), with a few guidelines or guidance
articles (5, 11.4%) and 1 systematic review (2.3%) (Table 4).

In the univariable logistic regression model, the odds of being published during
COVID-19 were 8 times higher for guideline articles (OR 8.1, 95% CI 3.2 to 20.3), and
2 times higher for reviews (OR 2.0, 95% CI 1.3 to 3.1), while the odds of being published
during HIN1 were 24 times higher for animal researches (OR 24.6, 10.5 to 57.6), and 6
times higher for in vitro research (OR 6.1, 3.4 to 10.8) (Table 4; Fig. 3).

Discussion
Principal findings of the study related to the COVID-19 pandemic

This meta-epidemiological study is novel in having assessed the characteristics of scien-
tific articles published during the initial 3 months of the COVID-19 pandemic. Our study
has five key findings. First, over half (50.6%) of all 1165 included articles were second-
ary articles. Perspectives and syntheses have an important role in scientific research, but
one secondary article for each primary article could be redundant. Second, human medical
research consisted of 29.2% (340/1165) of the included articles. This implies that a large
body of articles are not relevant for health care policy makers. Identifying human medi-
cal research studies slows down the evidence-based decision making process, because a
large bulk of literature has to be filtered out first. This selection process is particularly time
consuming, because it can often not be done by reading titles and abstracts alone. Third,
all except one (339/340) of the human medical research studies were observational studies
or case reports. This implies that policy makers have to rely predominantly on studies that
get a low-certainty (or quality) rating according to the GRADE (Grading of Recommen-
dations Assessment, Development and Evaluation) approach (Schiinemann et al. 2019).
Fourth, only 3.6% (42/1165) of all included articles reported limitations in their abstracts.
Reporting limitations is an important warning sign for end-users of research articles and is
an obligatory item in the reporting of abstracts of systematic reviews (Beller et al. 2013).
Fifth, about half of all included articles originated in China, i.e., 50.5% (588/1165). A high
prevalence of articles from China was expected because the COVID-19 outbreak started in
that country, but this statistic is disproportionate with the much higher COVID-19 infec-
tion and death rates in other countries. When evaluating the number of publications per
inhabitant, per GDP and per COVID-19 cases, different countries were respectively more
prolific. China was the second country with the highest number of articles per GDP unit,
but was one of the countries with the lowest number of published articles per COVID-19
cases, with 0.73 articles published per 100 confirmed cases, and also its production was
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January 17, 2020 February 6, 2020 February 26, 2020 March 17, 2020 April 7, 2020
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Number of articles published

Days from initial publications

Fig. 3 Relationship between days from the start of the pandemics, number of articles published and type of
articles during COVID-19 pandemic (red circles) and 2009 HIN1 swine flu pandemic (green circles). On
the x axis the days from the start of COVID-19 pandemic (top axis) and the days from the first publication
for each pandemic (bottom axis) are reported. On the y axis the total number of articles published for each
pandemic is reported. Circle size has been arbitrarily classified in order to show different levels of clinical
evidence: at increasing circle size, increase the value of the article (circle size: 1: secondary articles and
human non-medical research; 7: in silico research; 8: in vitro research; 9: animal research; 11: case reports;
14: observational studies and case series; 17: randomized controlled trials; 20: systematic reviews). The val-
ues were jittered over the y axis to reduce superimposition of data

average when considering its number of inhabitants. Italy was the third overall most pro-
lific country, the second in terms of articles per inhabitant, the first in terms of articles per
GDP unit and the second to last in terms of articles per confirmed cases. The country that
had most publications per number of cases, India, was also the country with the highest
prevalence of secondary articles. Overall, we found an association between the number of
cases declared in early March by a country and the number of articles published 1 month
after, when adjusting for GDP and population. This association should be regarded care-
fully, considering that the analysis was performed as a deviation from the original protocol
in light of a suggestion from a reviewer.

Comparison with the HIN1 pandemic

We observed several differences in the type of articles published during HIN1 and
COVID-19 pandemics. The most obvious, is a striking difference in the proportion of sec-
ondary articles published during the two pandemics. Less than 20% of the articles were
secondary in the early HIN1 pandemic, while during the COVID-19 pandemic over 50%
of the articles were secondary. This difference was mostly related to the higher percentage
of narrative reviews, editorials and guidelines. The amount of clinical reports was overall
similar in the two pandemics, with a higher proportion of case reports during COVID-19

@ Springer



810 Scientometrics (2020) 125:795-812

and a lower proportion of observational studies and randomized trials. Both in vitro and
animal research were more prominent during the HIN1 pandemic. The larger proportion
of animal research published during HIN1 could be related to the tight connection of the
pandemic with farm animals, or with the increasing amount of regulations on laboratory
animal research, such as the directive 2010/63/EU (2010).

Comparison with other studies

The exponential growth of publications identified in this paper during the first 3 months
of the COVID-19 pandemic was also found in past viral outbreaks such as SARS, MERS,
Ebola, and Swine Flu (Kagan et al. 2020). This high publication rate dropped dramatically
upon containment of these diseases. Gori et al. (2020) identified a high proportion of sec-
ondary literature in the first 30 days of the COVID-19 pandemic. However, their findings
cannot be directly compared with ours because they used different methods, had a much
smaller sample size (234 papers versus 1165 in our sample), measured mostly different
outcomes and at different time points (1 month versus 3 months in our sample).

Strengths and weaknesses

The strengths of this meta-epidemiological study are: (1) this is the first research study
that assessed the characteristics of articles on COVID-19 listed in PubMed in the first 3
months since the outbreak of the coronavirus pandemic; (2) all study selection and data
extraction procedures were conducted by two methodologists independently and all raw
data were reported in additional files; (3) the manuscript was reported according to the
STROBE checklist. The limitations of this study are: (1) having searched eligible articles
exclusively in PubMed is a limitation, because this could have biased our outcomes (Lefeb-
vre et al. 2008; Halladay et al. 2015). The total body of literature on COVID is expected to
be larger; (2) lack of inclusion of articles without an abstract in English is another potential
limitation, since it is possible that the proportion of primary/secondary articles was differ-
ent when considering articles published in different languages without an English abstract;
(3) lack of assessment of the discussion section for each article in order to retrieve limita-
tions that were not reported in the abstracts.

Implications and future research

The exponential surge in scientific publishing was expected with the outbreak of a pan-
demic of an unknown virus. Finding mostly observational studies among the human medi-
cal research studies in this body of articles was also not surprising. However, having to
filter out half of the literature, because it is not producing new research data is problematic,
especially when almost 2500 new articles on COVID-19 were indexed in PubMed in the
first 3 months of this pandemic. Researchers, peer reviewers, editors, and publishing com-
panies are responsible for this large body of literature. They should aim at flattening the
publication curve for example by tightening their acceptance criteria. This strategy could
also help to improve the overall research quality (Sarewitz 2016). Labeling publications as
‘secondary article’ in the abstract could become an initial obligatory item for all publica-
tions that do not produce original research.
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Undertaking future research studies on outbreaks of diseases should start with the con-
sultation of a wide body of stakeholders to develop and prioritize research questions. Such
research could explore (1) our statistics at later time points (2) quality assessments of the
conduct and reporting of research studies on COVID-19 (3) factors that could be imple-
mented to control the quantity and quality of publications (4) the impact of the develop-
ment of a vaccine for COVID-19 on the publication curve and (5) how to rapidly synthesize
literature in times of a pandemic. Further, high quality systematic reviews and guidelines
for the prevention and management are necessary when COVID-19 is contained. This will
be key to control new outbreaks of COVID-19 and other diseases.

Conclusions

We showed that as compared to the most recent pandemic (2009 HIN1), there is an over-
whelming amount of information published on COVID-19. Due to the large body of non-
original articles (about half) published in the early phases of the pandemic, the original
information published has been diluted. This can slow down the development of a valid
knowledge base on COVID-19 and the pertinent strategies to deal with this disease. Also,
a negligible number of published articles reported limitations in the abstracts, potentially
facilitating overemphasis of the article findings or recommendations. Researchers, peer
reviewers, and editors should take action to flatten the publication curve and start labeling
non-original research articles as secondary articles.
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