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Abstract
In 2020 COVID-19 led to an unprecedented stream of papers being submitted to journals. 
Scientists and physicians all around the globe were in need for information about this new 
disease. In this climate, many articles were accepted after extremely fast peer-reviews to 
provide the scientific community with the latest discoveries and knowledge. Unfortunately, 
this also led to articles retraction due to authors’ misconduct or errors in methodology and/
or conclusions. The aim of this study is to investigate the number and characteristics of 
retracted papers, and to explore the main causes that led to retraction. We conducted a 
systematic review on retracted articles, using PubMed as data source. Our inclusion cri-
teria were the following: English-language retracted articles that reported original data, 
results, opinions or hypotheses on COVID-19 and Sars-CoV-2. Twenty-seven retracted 
articles were identified, mainly reporting observational studies and opinion pieces. Many 
articles published during the first year of the pandemic have been retracted, mainly due to 
the authors’ scientific misconduct. Duplications, plagiarism, frauds and absence of con-
sent, were the main reasons for retractions. In modern medicine, researchers are required 
to publish frequently, and, especially during situations like the COVID-19 pandemic, when 
articles were rapidly published, gaps in peer-reviews system and in the path to scientific 
publication arose.
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1  Introduction

In present times, the creation of sound scientific evidence in healthcare lies within 
the Evidence-Based Medicine (EBM) framework; scholars trust their peers to review 
their work, and, if it is found to be rigorous and unbiased, the process ends with pub-
lication (Boetto et  al. 2020). The COVID-19 pandemic had a significant effect on 
scientific literature and practice in underlining their greatest strengths by promoting 
interprofessional collaborations and sharing ideas between multiple sites (Hynicka 
et al. 2022; Pawłowicz-Szlarska et al. 2022; Lincoln et al. 2022). These vivid collabo-
rations sparked by the pandemic outbreak, united with globalization and easy online 
access, led to an enormous stream of research papers: to understand the scale of this 
phenomenon, Dimension Database estimates well over 870,000 research papers pub-
lished about COVID-19, from 198 countries, in 2020 and 2021 alone, as compared 
to 109,000 papers regarding Seasonal Influenza published between 2015 and 2019 
(Dimension Database 2022). In 2020 a great deal -around 33%- of academic papers 
about COVID-19 were disseminated as pre-prints, which could be published online 
without the need for peer review (Franser et al. 2021; Watson 2022), and this contrib-
uted to the infodemic which altered mass media information (Palayew et al. 2020; Pian 
et al. 2021; Corinti et al. 2022). These preprints were eventually screened by peers, but 
the vast amount of information needing peer-review led to decreased review times for 
COVID-19 papers, mainly at the expense of other topics (Else 2020).

The overwhelming need for quick peer-reviews, combined with the necessity for 
focused healthcare workers, made the peer-review and publication process more vul-
nerable to errors, and amplified the risk of lacking transparency and reproducibility in 
studies, and therefore of frauds and misconducts (Publications Office of the EU 2020). 
Publishing timeframes have also become increasingly tight during the pandemic, due 
to expedited review and fast-tracks specifically suited for COVID-19 papers (Bagda-
sarian et al. 2020; Benjamens et al. 2021; Schonhaut et al. 2022). As a result, as Yeo-
Teh and al. described in their work (Yeo-Teh et al. 2019), the retraction rate spiked to 
alarming heights, having more than tripled from a pre-pandemic retraction rate regard-
ing viruses and epidemics of 0.021% to a COVID-19 related retraction rate of 0.074%. 
This worrying pattern is reaffirmed in comparing present times retraction rates with 
past ones, as retractions were most commonly related to either Basic Life Sciences 
or Technology, rather than medicine, and, furthermore, the number of retractions per 
journal did not change since 1756–2019 (Vuong et al. 2020).

In this scenario, a noteworthy number of authors acted mistakenly or sometimes 
even maliciously to exploit this “opportunity” by submitting papers of dubious scien-
tific value, duplicating their submission to various journals, plagiarizing others’ work, 
or plainly tampering data to fit their assumption. On the other hand, other authors 
simply made honest mistakes or suffered from unreliable data; at this date Retraction 
Watch has listed 253 COVID-19 related, retracted, papers (Retraction Watch 2022). 
Although peer review is designed to promptly assess methodology and conclusion 
flaws, it is not yet fully equipped to deal rapidly with shady behaviors, especially dur-
ing times of high demand of information, such as the COVID-19 pandemic. All the 
aforementioned issues had serious consequences, reducing trust in science and medi-
cine, fueling misinformation and contributing to the infodemic.
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1.1 � Aim of the study

We reviewed the COVID-19 related scientific literature to investigate the number and 
characteristics of retracted papers, and to explore the main causes or motivations that 
led to retraction.

2 � Methods

2.1 � Search strategy and selection criteria

We conducted a systematic review of the scientific literature, following the Preferred 
Reporting Items for Systematic Reviews (PRISMA) approach (Moher et  al. 2009), to 
identify COVID-19-related quantitative and qualitative studies of different designs pub-
lished during the pandemic and then retracted for any cause.

The initial search was implemented on March 1, 2022 and was limited to the times-
pan between December 1, 2019 and December 31, 2021. The search query consisted of 
terms considered pertinent by the authors to review the literature on retracted COVID-
19 articles. We searched for publications on Pubmed using the following search string: 
“(retracted publication[pt]) AND ((covid*) OR (coronavirus) OR (Sars-c*))”. We 
included English-language retracted articles that reported original data, results, opin-
ions or hypotheses on COVID-19 and Sars-CoV-2. We excluded studies that did not 
focus on COVID-19 as the primary subject of the study or considered it as a background 
factor only.

2.2 � Data extraction

Data was extracted by four independent reviewers (AC, AS, FS, DGor), and disagree-
ment on extracted data was discussed with one independent tiebreaker (DGol). Descrip-
tive variables extracted from each article and journal were: publishing journal, jour-
nal’s 3-year impact factor, first author affiliation’s country (categorized in high-income, 
middle-high income, middle-low-income and low-income countries (The World Bank 
2021)), study type, data availability, analyzed population, sample size, aim, results, 
retraction statement, who first requested retraction, subscription or open access, funding 
and timestamps of publication and retraction (i.e., time between date of publication and 
date of retraction). Articles’ lifespan and the time difference between the timestamps 
were extracted from the article information or full-text. Whenever the exact day was not 
provided and the article reported only the month, we referred to the 15th of the same 
month as the corresponding date.

The following categories were assigned to retraction statements: Process, Miscon-
duct and Others. Each of these categories had specific reasons for retraction, “Process” 
included: “Approval issue”, which implied problems regarding the use of data, “Error”, 
which implied problems regarding the methodology of the study and “Not reproduc-
ible”, which implied the non-reproducibility of the study due to inaccessible data. “Mis-
conduct” comprehended all mischievous behaviors by authors: fraud, plagiarism and 
duplication of the article. Finally, the label “Other” was used to categorize all those 
retraction statements which did not fall in the previous labels, in this category we found 
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two specific reasons: “not first-hand account”, “premature conclusions”, “redundant”, 
“out of journal scope”, “publisher error” and “not specified”.

3 � Results

Of the initial 69 records identified, 66 full-text articles matched our inclusion criteria and 
were assessed and included in the review (Fig. 1, Table 1). 38 studies were published in 
2020 and 28 in 2021. Studies’ characteristics are summarized in Table 1. Although we did 
not limit our search to specific study types, the majority of retracted articles were either 
observational studies (n = 34, 52%) or opinion papers (n = 11, 17%) (Fig. 2 and Table 1), 
followed by reviews articles (n = 9, 14%), experimental (n = 7, 11%), meta-analysis (n = 4, 
6%), study protocol (n = 1, 1%). Three studies were excluded during the screening process 
(Zellmer 2021; Hill et  al. 2021a, b; Liu et  al. 2020) since COVID-19 was not the main 
focus of the paper. The included studies came from all regions of the world, with 46 (60%) 
of the articles drafted in high-income countries (Table 1).

Fig. 1   PRISMA flowchart
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The most frequent label attributed to the articles’ retraction was “process” (32, 48%), 
followed by “misconduct” (23, 35%). As for retraction’s specific reasons, “Authors’ 
Error” (21, 32%), “Approval Issue” (8, 12%), “Fraud” (8, 12%) and “Duplication” (8, 
12%) were the most frequent ones (Fig.  3). The articles’ retraction followed authors’ 
self-report in 35% (23) of the included records. Most of the retracted articles (45, 

Fig. 2   Number of publications by study type

Fig. 3   Number of publications by retraction’s specific reason
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68%) were submitted to hybrid journals, whereas 19 (29%) were submitted to open-
access journals and 2 (3%) to subscription-only journals. Interestingly, 91% (60) of the 
included articles were published with the open access model. The median journals’ 
impact factor was 2.352 (Range: 0—47.9).

The median number of days that occurred between publication and retraction was 
137 (Range: 3—452). This timespan differed among retractions’ specific reasons: arti-
cles with the “premature conclusions” label were the ones retracted after the longest 
period, with a mean of 337 days. The fastest retraction occurred for the study labeled 
as “Not first hand account” (3 days). As for study type, the 34 meta-Observational stud-
ies were those with the longest mean lifespan by study type (mean = 191). On the other 
hand, the 11 opinion papers were the ones with the shorter timespan (mean = 94 days) 
(Fig. 4).

For reference, the entirety of the selected papers can be found in Table 1, and their 
citations are as follows: Ghanchi et al. 2020a, b; Elkhouly et al. 2020; An et al. 2020; 
Mulvey et  al. 2020; Huang et  al. 2021; Sun et  al. 2020; Huang et  al. 2020; Lu et  al. 
2020; Beato-Víbora 2020; Mehra et al. 2020a, b; Mehra et al. 2020a, b; Walach et al. 
2021; Dutta et al. 2021; Friedlich et al. 2021; Ali et al. 2020a, b; Lin 2021; Ali et al. 
2020a, b; Khalifa et  al. 2020; Gul et  al. 2021; Victor 2020a, b; Victor 2020a, b; Col-
chero et al. 2021; Saha et al. 2021; Ma et al. 2021; Imran et al. 2021; Akbar et al. 2020; 
Ferdous et al. 2021; Jiménez-Ruiz et al. 2021; Savaris et al. 2021; Grech 2020a, b; Zago 
Filho et al. 2020; Atangana et al. 2021; Mao et al. 2021; Fioranelli et al. 2020; Deokar 
et al. 2020; Temmerman 2021; Ibrahimagić et al. 2021; Saxena 2020; Grech 2020a, b; 
Din et al. 2020; Bae et al. 2020; Zeng et al. 2020; Funck-Brentano et al. 2020; Woodle 
et al. 2021; Standish 2021; Vainshelboim 2021; Singh 2020; Hays 2020; Kampf 2022; 
Kory et  al. 2021; Messina et  al. 2021; Banerjee et  al. 2021; Zaidi et  al. 2022; Wang 
et al. 2020; Jin et al. 2021; Zhao et al. 2020; Samaha et al. 2021; Dabbous et al. 2021; 
Nagra et al. 2021; Dabbous et al. 2021; Hussain et al. 2020; Hariyanto et al. 2019; Hill 
et al. 2021a, b; Guan et al. 2021; Huang et al. 2020.

Fig. 4   Time to retraction by  A study type and B retraction’s specific reason
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4 � Discussion

In this systematic literature review, we sought and described the characteristics of the 
COVID-19 related retracted papers that were accepted in impacted journals after the peer 
review process during the first two years of the COVID-19 pandemic (2020–2021).

We found that observational studies were the most retracted ones, followed by opinion 
papers and reviews; this could be a consequence of the epidemic outbreak, since in a brief 
period of time it was not possible to properly design and publish results from Randomized 
Controlled Trials (RCTs) or methodologically sound prospective studies, while observa-
tional retrospective studies can be set up and conducted more rapidly, being, nonetheless, 
at higher risk of several types of bias and pitfalls (Viswanathan et al. 2013; Grimes et al. 
2002).

We found misconduct and process-related issues as the most prominent cause of paper 
retraction. As an example of observational study that got retracted due to misconduct rea-
sons, Sun M, et al. (Sun et al. 2020), in their article “Anal swab as a potentially optimal 
specimen for SARS-CoV-2 detection to evaluate hospital discharge of COVID-19 patients” 
did not acquire patients’ consent prior to publication in order to conduct their study. Even 
though these issues have always been there for the scientific path to publication, a stress 
test such as COVID-19 amplified their detrimental effects.

An interesting peer-review process’ pitfall can be described recalling one attempt at 
meta-analysis by Hussain et Al. (Hussain et al. 2020). The retraction statement goes: “This 
article has been retracted at the request of the authors due to inadvertent errors (such as in 
the calculation of odds ratio for age and naming patients’ groups in the plots) that unfortu-
nately passed unnoticed during the extremely rapid review and publication process at the 
peak of the COVID-19 pandemic”. This meta-analysis wanted to assess how mortality by 
COVID-19 was influenced by obesity, and it was based on data from the first four months 
of the pandemic. This retracted study demonstrates the importance of relying on sound 
scientific methods and rigorous peer-reviews. Furthermore, one study supported the non-
effectiveness of both surgical and cotton masks in preventing the dissemination of SARS-
CoV-2 from patients with COVID-19 (Bae et al. 2020). It is possible that this type of pub-
lications can have a negative indirect effect on health policy decisions and therefore on the 
health of the population.

Notably, Impact-Factor (IF) was extremely heterogeneous, and some articles found their 
way to high IF journals, as was the case with the two articles published in the New Eng-
land Journal of Medicine and The Lancet, by Dr. Mandeep R. Mehra et Al., who utilized 
an unfit database taking part in the “Surgisphere Scandal” (Baker et  al. 2020). Articles 
published in high IF journals were checked and retracted relatively quickly, while articles 
published in journals with lower IFs took much more time to be community checked and 
retracted. A possible explanation for this is that journals with higher IF have more visibility 
and are therefore read by a higher number of experts. As a result, poor quality articles are 
more easily spotted and forced to retraction. Overall, journals’ IF was found to be relatively 
high and with high variance. This means IF cannot always be considered as a guarantee for 
peer-review quality, as various authors have stated in their work (Vrabel 2019; Paulus et al. 
2018; Juyal et al. 2019).

As for retracted papers’ geographic distribution, we found that the Asian continent was 
the most afflicted. This represents a direct consequence of one key factor: the urgent need 
for information within the epicenter of the pandemic, which required observational studies 
to be preferred during the first months of the pandemic, even though these are more easily 
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tampered in their data and afflicted with errors in their method (Viswanathan et al. 2013; 
Grimes et al. 2002).

In order to address these issues, publishers, editors and other stakeholders should focus 
on several aspects of the path to scientific publication: improving the process by granting 
adequate peer-review times (Barnabic et al. 2022; COVID-19 Report 2022; Improving pan-
demic preparedness and management 2020); using open data when possible or making it 
always available upon reasonable requests (Hynicka et al. 2022). It could also be beneficial 
to use distributed ledger technologies (eg, blockchains) in order to tamper proof data and 
its analysis or machine learning to double check data (Boetto et al. 2020).

4.1 � Study limitations

This review presents various limitations. First, we may have missed other studies since we 
used only one database. Secondly, information about specific reasons for article retraction 
are only available in the article retraction statement, therefore the comprehensiveness of 
retraction motivations could not be as complete as it should.

Although these limitations exist, to the best of our knowledge no other studies on the 
subject have been published yet. This study therefore starts a much-needed discussion on 
the topic of peer reviewed scientific literature during times in which the need for accurate 
new information is in high demand. Finally, in reading this review, a healthy dose of dis-
cretion is advised, since we do not suggest the academic situation was much better or worse 
before the pandemic, but only analyze the effects COVID-19 has had on the scientific path 
to publication.

5 � Conclusions

In a modern scientific community in which “publish or perish” is still mandatory and 
h-index is considered a sound metric to value scholars, quantity is frequently prioritized 
over quality. Although peer-reviewers usually defend the scientific community’s integrity, 
the publication process is not perfect and it can miss its target, as reported here about the 
COVID-19 pandemic. Open access and fast track paths to publication are useful tools but 
might represent a menace if left unchecked since the former can be an incentive to accept 
manuscripts, and the latter can lead to lower quality threshold and reduced attention by 
peer-reviewers.

It is reasonable to assume the retracted articles found in this review are just the tip of 
an iceberg of dubious-value publications pre- and during the pandemic. During times of 
great stress, such as the SARS-CoV-2 pandemic, this should be considered a menace for 
the integrity of modern science as well as for the well-being of the global community since 
unchecked facts and fake evidence are the ground on which fake news thrive.
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