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Letter to the Editor
‘Paperdemic’ during the COVID-19 pandemic
Dear editor
The 2019 novel coronavirus disease (COVID-19) has spread globally
with substantial health and socioeconomic impacts. The scientific
community has timely responded to this global crisis by launching calls
for COVID-19 research and prioritizing their publications. Journals have
accelerated the peer-review process to ensure rapid dissemination of the
findings and therefore have received an overwhelming number of papers
on the COVID-19 pandemic. A PubMed-based search identified more
than 100,000 COVID-19 articles published in 2020, leading to a ~10%
increase in the total publication numbers over 2019 [1]. The unprece
dented speed and volume of publishing on COVID-19 have greatly
contributed to advancing our knowledge of this pandemic and to timely
guiding medical management and policy-making. However, the quality
and integrity of COVID-19 papers and trails have frequently been
questioned, which has led to a large number of corrections and re
tractions of published materials and created confusion among health
care communities [2,3]; on the other hand, those huge number of
COVID-19 papers affected journals to publish non-COVID-19 articles
in time and resulted in heavily overloaded work for production teams.
This is largely because, as Preiser wrote, some researchers embarked on
opportunistic study outside their own specialist fields under this current
research ecosystem [4]. The phenomenon of the outbreak of publishing
enormous numbers of articles placing a conspicuous burden on journals
and yet having little scientific significance is named “paperdemic” (i.e.,
a pandemic of paper), which will be quantitatively demonstrated in this
study from the perspective of scientific impact.
To examine this issue, we collected COVID-19-related papers pub
lished in English-language journals from January 1, 2020 to December
31, 2021. A total of 191,368 COVID-19-related papers published in
14,388 academic journals were included, with a fast growth rate after
March 2020 (Fig. 1A). It is well known that the scientific impact among
publications is imbalanced [5]. Most citation-based measurements for a
broad array of scientific disciplines commonly show a highly skewed
distribution by fitting the power laws [6]. Studies have also determined
the degree of inequality of citations using the Gini coefficient and found
disparities in citation distributions [7]. Based upon the fact that an
expectably extreme uneven distribution of citations might indicate most
of the papers having an inappreciable scientific impact under the dra
matic surge of COVID-19 articles, we therefore quantify the degree of
inequality in the citation counts of these articles at three different levels,
including the paper, journal and discipline, to investigate the phenom
enon of paperdemic.
At the individual paper level, we found 80% of citations came from
merely 8.3% of all COVID-19 articles. The Gini coefficient value of 0.90
for citation inequality was greater than that for non-COVID-19-related
papers (0.84) during the same period and was significantly larger than

that for previous studies [5], which had a Gini coefficient of 0.61 for
articles published within one year in other fields. In addition, the
normalized citation measurement, calculated by dividing the citation
counts that the paper received with the time after its publication, also
yielded a similar result, with a Gini coefficient of 0.88 (Fig. 1B), indi
cating a higher level of inequality in the scientific impact per individual
COVID-19 article. At the journal level, the results showed that 80% of
the COVID-19 publications came from 21% (3021 out of 14,388) of
related journals. Comparatively, 80% of the total scientific impact of
COVID-19 articles came from 4% of the journals, which was more un
balanced than the widely mentioned 80/20 rule [8]. The citation dis
tributions were highly dispersed among journals, with Gini coefficients
of 0.94, larger than that of the distribution of the number of COVID-19
articles (0.75) (Fig. 1C). The degree of inequality in the distribution of
citation was higher than that of other previous studies that found Gini
coefficients of 0.58 and 0.65 for the citations earned by journals.
Given that the top 20% of the most cited papers gained 93% of the
citations, the inequality of scientific impact was further identified for the
most impacted articles by fitting the power laws in the right tail of the
citation distributions (Fig. 1D). The power-law exponents were esti
mated to be 2.4, and was substantially lower than those found in the
earlier literatures (2.9~5.3). Previous studies have found that the
exponent of power-law fit decreased with time [9], implying an even
greater skewness to the right in the future for the scientific impact of
COVID-19 articles. The power-law exponent of the citation distribution
at the journal level was 2.0, smaller than those for the individual
COVID-19 articles, meaning that a small number of journals contributed
most of the citations (Fig. 1E). In addition, the top 20% of journals,
ranked by the number of published COVID-19 articles, held approxi
mately 92% of the total citations.
The relationship between the proportion of COVID-19-related arti
cles in an individual journal (P1 in Fig. 1F) and the relative amount of
total citations among all journals (P2 in Fig. 1D) implied a notable
imbalance between the volumes occupied and the corresponding sci
entific impact among journals. Although few reputable journals yielded
a relatively high scientific impact (i.e. larger P2) with a comparable
percentage of COVID-19 articles (i.e. smaller P1), for instance, The New
England Journal of Medicine, The Journal of the American Medical
Association, and The Lancet, a high Gini coefficient (>0.8) was
commonly found within these journals.
Furthermore, the phenomenon of the paperdemic was likely arising
across a range of scientific disciplines, particularly in non-medical and
non-biological fields (Fig. 1G). High proportions of un-cited articles and
low average citation counts occurred in Art, Philosophy, History, Busi
ness, Political science, and Sociology. 13 of 19 disciplines showed more
than half of published literatures having not been cited up to now.
Although the fields of Biology and Medicine exhibited relatively low
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Fig. 1. (A) Cumulative number of COVID-19 papers included in this study for the period from January 1, 2020, to December 31, 2021. (B) and (C) show the Lorenz
curves used in Gini coefficients for paper-based and journal-based assessments, respectively. P stands for the cumulative proportion of papers and journals, and L(P)
represents the cumulative proportion of citations, normalized citations, and counts of papers. (D) and (E) exhibit the power-law fitting on the right tail of the citation
distributions for the paper-level and journal-level investigations, respectively. The y-axes in (D) and (E) represent the cumulative probability of receiving exactly x
citations and at least x citations for COVID-19 papers and journals, respectively. (E) shows the relationship between the proportion of COVID-19-related articles in an
individual journal (i.e., P1) and the relative contribution of total citations (i.e., P2) among all journals. J1- The New England Journal of Medicine; J2- The Journal of
the American Medical Association; J3- The Lancet; J4- Science; J5- Lancet Infectious Diseases; J6- The British Medical Journal; J7- Clinical Infectious Diseases; J8Nature, J9- Journal of Medical Virology, and J10- Radiology. (G) Citation characteristics of COVID-related publications for 19 scientific disciplines (Papers published
after October 1, 2021 were excluded for the uncited publication calculation).

percentage of un-cited literatures and high value in average citation
number, they had a high Gini coefficient (>0.8), which commonly
existed in all scientific disciplines.
In summary, our results identified extreme inequalities in the cita
tion index among COVID-19 publications at the paper, journal and
discipline levels. This implies that a sizeable COVID-19 literature pub
lished in a very short period left unattended along with most of journals
and fields, and hence raises major concerns regarding COVID-19 related
publications. The need for ensuring rigorous high-quality publications is
highlighted for journals particularly during the pandemic. Editors are
suggested to ensure the high priority research deserving accelerated
publishing process. In contrast, the publication of outsized papers with
repeated or similar topics and analyses should be carefully considered to
avoid the next wave of the paperdemic, as it is pointed out by a recent
astonishing finding [10] that the canonical progress of a scientific field
could be slowed by a deluge of papers.
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