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Coronavirus disease 2019 (COVID-19), one of the most serious public health crises in over a century, has led to an unprecedented surge of publications across all areas of knowledge. This study assessed the early research productivity on COVID-19 in terms of vaccination, diagnosis, treatment, symptoms, risk factors, nutrition, and economy. The Scopus database was searched between January 1, 2020 and December 31, 2020 to initially examine the research productivity on COVID-19, as measured by total publications by the 20 highest-ranked countries according to gross domestic product. The literature search was then refined, and research productivity was assessed across seven major research domains related to COVID-19: vaccination, diagnosis, treatment, symptoms, risk factors, nutrition, and economy. The initial literature search yielded 53,348 publications. Among these, 27,801 publications involved authorship from a single country and 22,119 publications involved authorship from multiple countries. Overall, the United States was the most productive country (n = 13,491), with one and a half times or more publications than any other country, on COVID-19 and the selected domains related to it. However, following adjustment for population size, gross domestic product, and expenditure for research and development, countries of emerging economies such as India along countries of lower population density such as Switzerland, Indonesia, and Turkey exhibited higher research productivity. The surge of COVID-19 publications in such a short period of time underlines the capacity of the scientific community to respond against a global health emergency; however where future research priorities and resource distribution should be placed on the respective thematic fields at an international level, warrants further investigation.
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INTRODUCTION

In December 2019, 44 cases of viral pneumonia with a characteristic clinical presentation of fever, dry cough, dyspnoea, and severe progressive respiratory distress were reported for the first time in Wuhan, Hubei Province of China (1–3). In January 2020, the Chinese Center for Disease Control and Prevention announced that the etiology of this atypical pneumonia was a novel coronavirus which was then named severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) (4–6). The disease caused by SARS-CoV2 (COVID-19) was initially declared as a Public Health Emergency of International Concern by the WHO, and in March of 2020, it was classified as a pandemic (7).

As in the two preceding outbreaks of coronavirus disease-severe acute respiratory syndrome (SARS) in 2002 and Middle East respiratory syndrome (MERS) in (i.e. 2012, COVID-19) has placed significant pressure to public health structures and caused economic implications worldwide (8, 9). In less than a year, SARS-CoV-2 has spread in more than 190 countries and has resulted in over 76 million confirmed cases with more than 1.7 million deaths (10). Additionally, the global reaction with pandemic mitigation measures has caused a major disruption in economic activity, resulting in the worst recession since the Great Depression (11).

In response to this global health emergency, the COVID-19 pandemic has also triggered an unprecedented response from the scientific community (12). The global dissemination of this disease has sparked an explosive increase in scientific output across various research domains to address the unmet need for its control (13–16).

Bibliometric analyses, which examine the contribution of countries to a specific research field of the literature by focusing on the statistical appraisal of scholarly output, have gained much attention (17, 18). This is attributed to their ability in predicting research trends across the current and emerging thematic areas and guide the focus of the global literature. Bibliometric studies have been widely applied at multiple scholarly areas with few successfully guiding decision-making across the respective thematic fields (19–21). At present, a plethora of scientometric and bibliometric studies have been published aiming at gaining more insights on the landscape of publications related to COVID-19 (13, 22–26). However, only a small portion of bibliometric analyses have explored temporally the pandemic in terms of research output during the first months (27–30), and additionally, the economic aspect driving scholarly productivity has not been systematically examined.

Aiming to fill this gap in the literature and guide future research priorities and resource distribution, we undertook a bibliometric exploration of the literature and assessed the early research productivity on COVID-19 and seven major research domains related to it by the 20 highest-ranked countries according to gross domestic product (GDP).



MATERIALS AND METHODS

We performed a comprehensive literature search of the Scopus database for publications on COVID-19 from the 20 highest-ranked countries according to GDP (United States, China, United Kingdom, Italy, India, Canada, Australia, Germany, Spain, France, Brazil, Turkey, Netherlands, Switzerland, Saudi Arabia, Japan, South Korea, Mexico, Indonesia, and Russian Federation), published between January 1, 2020 and December 31, 2020. The literature search was performed on a single day (January 12, 2021) to minimize the bias from daily database updates. Publications were limited to peer-reviewed original articles or review articles written in English. The language criterion was applied to ensure that the quality assessment of manuscripts was based on similar processing standards. The search of the literature was ensued by PG and KKT and extracted by KSK and PG.

From the initial literature search, we extracted a list of publications that included search terms in their title, abstract, or keywords which best describe COVID-19 terminology, namely “COVID-19” OR “SARS-COV2” OR “Coronavirus” OR “2019-nCoV”. We then performed seven further literature searches focusing on seven major research domains related to COVID-19, namely vaccination, diagnosis, treatment, symptoms, risk factors, nutrition, and economy. From these searches, we extracted a list of publications that included the following search terms in their title, abstract or keywords for the seven research domains: (1) vaccination: “(AND Vaccin*)”, (2) diagnosis: “(AND (Diagnos* OR Test*))”, (3) treatment: “(AND (Treat* OR Therap* OR Pharma* OR Drug*))”, (4) nutrition: “(AND (Nutri* OR Diet* OR Food* OR Supplement*))”, (5) risk factors: “(AND ((Risk* AND Factor*) OR (Predispos* AND Factor*)))”, (6) symptoms: “(AND (Sign* OR Symptom* OR (Clinical AND Present*) OR Manifestation*))”, (7) economy “(AND (Econom* OR Financ* OR Wealth* OR Trad*))” (Supplementary Table S1).

The resulting publications were grouped by country based on the country of origin mentioned in the affiliation of the first author. This was applicable to all publications even when these had multiple authors. Lastly, publications which had authorship from multiple countries were classified as collaborations.

The raw number of total publications and collaborations (overall and for each of the seven research domains) from each country was then normalized based on average population size, mean GDP, and percentage of GDP for research and development (R&D). This information was based on 2019 figures, or on the latest available data, and was extracted using the World Bank database.



RESULTS

The initial literature search using only COVID-19-specific terms yielded 53,348 publications that met the inclusion criteria. The search was further filtered based on the 20 highest-ranked countries according to GDP, and 49,920 total publications were retrieved (Figure 1). Among these, 27,801 publications involved authorship from a single country and 22,119 publications involved authorship from multiple countries (classed as collaborations) (Figure 2). Overall, the United States had the highest number of total publications, regardless of authorship from single or multiple countries. China and the United Kingdom were observed as the remaining in the three highest-ranked countries.


[image: Figure 1]
FIGURE 1. The world map of early research productivity on COVID-19 by the 20 highest-ranked countries according to gross domestic product.
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FIGURE 2. The proportion of early publications involving authorship from a single country (A) and multiple countries (B) on COVID-19 from the 20 highest-ranked countries according to gross domestic product.


The literature was additionally assessed based on seven major research domains related to COVID-19 (vaccination, diagnosis, treatment, symptoms, risk factors, nutrition, and economy). We observed that the United States dominated across all the selected domains. China, India, Italy, and the United Kingdom were noted as the remaining highest-ranked countries in the aforementioned domains (Table 1, Figures 3, 4).


Table 1. Total number of early publications on selected research domains related to COVID-19 from the 20 highest-ranked countries according to GDP.
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FIGURE 3. Total number (A) and proportion (B) of early publications involving authorship from a single country on COVID-19 from the 20 highest-ranked countries according to gross domestic product.



[image: Figure 4]
FIGURE 4. Total number (A) and proportion (B) of early publications involving authorships from multiple countries on COVID-19 from the 20 highest-ranked countries according to gross domestic product.


When the number of total publications was normalized by population, Switzerland ranked highest, followed by the United Kingdom and Australia, while upon GDP, Italy scored highest, followed by the United Kingdom and Turkey. Lastly, when normalized by expenditure on R&D, India dominated, followed by Indonesia and Italy (Table 2).


Table 2. Adjusted early research productivity on COVID-19 from the 20 highest-ranked countries according to GDP.
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DISCUSSION

Our bibliometric study assessed the early research productivity on COVID-19 and seven major research domains related to it (vaccination, diagnosis, treatment, symptoms, risk factors, nutrition, and economy) by the 20 highest-ranked countries according to GDP. Our findings indicated that the United States had the highest number of total publications on COVID-19 and across all seven research domains related to it. However, after normalization based on average population size, mean GDP, and percentage of GDP for R&D, Switzerland, Italy, and India dominated in the number of total publications on COVID-19.

Our findings showed that the United States exhibited the highest research productivity and, thus, possibly the greatest contribution in the early scientific progress on COVID-19, responding with publications of extensive scope at an exponentially expanding rate. Concurrently, we also revealed that the United States embraced vastly global efforts against COVID-19, engaging highly with inter-institutional and international collaborations, displaying the highest research productivity in terms of collaborations. Taken together, these findings support that the United States might have adopted an early evidence-based response to reduce the impact of COVID-19 and are closely aligned with the country's expenditure on R&D, which is the largest worldwide.

A trend of increased overall research productivity on COVID-19 from two of the BRICS countries (China and India), Italy and the United Kingdom, was observed. BRICS countries have rapidly emerging economies with a constant increase in their average GDP and total health spending per capita since 1980 and 1995, respectively (31). Furthermore, the United Kingdom ranks highest worldwide in the field-weighted citation impact since 2007, a measure of research impact and quality (32). Lastly, an improved performance in Italy's research system has been documented when considering the resources allocated for research, ranking one of the highest in Europe based on number of publications for R&D expenditure (33). Although plausible, these potential explanations become questionable when considering that Italy, India, and the United Kingdom were in the 90th percentile of countries with confirmed COVID-19 cases and deaths worldwide at the time of the study. In fact, Italy and the United Kingdom were also ranked on the 50th percentile in terms of GDP of the included countries, while India was ranked on the latter 25th percentile. On the contrary, China was the second highest-ranked in terms of GDP, with confirmed COVID-19 cases and deaths in the 60th and 78th percentiles, respectively (Organization, 2020). Thus, only China's performance could be reflective of the country's research capacity and its leading role in the early response to the disease.

After normalization average population size, mean GDP, and percentage of GDP for R&D, Switzerland, Italy, Indonesia, Turkey, and the United Kingdom exhibited the highest research productivity on COVID-19. Apart from India, Italy, and the United Kingdom which had a leading role against COVID-19 even prior adjustment, countries of lower population density such as Switzerland in Europe and Indonesia and Turkey in Asia rather predominated. In total, these results initially indicate that countries such as Switzerland, Italy, India, Indonesia, and Turkey may have also had strong contribution in the early scientific progress on COVID-19. Thus, our study highlights the impetuous by these countries to compete in R&D against the long-standing research-intensive countries such as the United States, China, and the United Kingdom. Overall, the observed regional distribution in research productivity on COVID-19 and the selected domains related to it may, in reality, be relevant to the context of the epidemic situation and a combination of other determinants such as the governmental policy response, the health infrastructure resilience, the research funding availability, and even the research workforce (34, 35).

This study makes a valuable contribution to the literature; however, a variety of limitations relevant to our search strategy, the filter criteria applied, and the protocol of data acquisition employed within the Scopus database exist. Initially, affiliation information of the retrieved publications did not particularly reflect the country in which the research was actually established or conducted, hinting an “overlap” bias in cases of publications with authorships from multiple countries. Although this is an inherent drawback in bibliometric studies, it has been demonstrated that even when a literature search is inflated by collaborative publications, the sensitivity of the search is not significantly affected (36). On the contrary, the filtering criteria applied to our search could have magnified its specificity and, thus, considerably decreased the breadth of suitable publications. In fact, as we adopted a search protocol with a focus on a single literature database (i.e., Scopus) rather than multiple ones (i.e., PubMed and Web of Science), this could have restricted the quantity of eligible publications. Moreover, we did not undertake manual screening of the retrieved publications and thus could not ensure that all the identified articles indeed focused on COVID-19 or the other research domains related to it. Lastly, a large proportion of suitable publications were available only in their original language, and by limiting suitable publications written only in English, we could have underestimated the research output of non-English-speaking countries or of those having non-English journals.



CONCLUSIONS

The emergence of COVID-19 has generated an explosive increase in scientific production worldwide across all areas of knowledge, which underlies an unmet need for solutions against one of the most serious public health crises in over a century. Our findings ultimately demonstrated and confirmed a massive output in early COVID-19 publications thus far, higher than any previous outbreak. We identified that countries of emerging economies and of lower population density had increased overall research productivity along the long-standing research-intensive countries such as the United States, China, and the United Kingdom. This could provide insights as to which countries adopted an early evidence-based response to reduce the early impact of COVID-19, and where future research priorities and resource distribution should be placed on the respective thematic fields at an international level prospectively.
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