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Abstract 

 

Zika virus (ZIKAV) infection has recently become a public health concern, as well as an 

enduring scientific, and technological (S&T) challenge for researchers worldwide. Especially 

in Latin America and Caribbean (LAC) countries, greatly affected by the outbreak, 

understanding the S&T response is essential to guide future research and to direct financial 

investments. In the present study, we focused on ZIKAV epidemics using combined 

publication (from international and regional databases: Web of Science, Scopus, PubMed, 

SciELO and LILACS), patent (Orbit Intelligence) and social network analysis (co-authorship) 

to contribute to the discussion of the role of S&T knowledge produced and disseminated 

regionally to address global challenges. International databases searches retrieved 5,421 

documents, evidencing a dramatic increase in scientific publications targeting ZIKAV from 

2015 onwards. Overall, 70% of the 237 unique documents indexed in SciELO and LILACS, 

were retrieved in the international databases. United States, France, and Brazil were the top 

three most central countries of the global network for ZIKAV research. In addition, United 

States was shown to be the most frequent collaborator of LAC countries. Patent search 

retrieved 311 patent families. So far, only four are from LAC organizations, all based in 

Brazil. Our analysis offered a comprehensive representation of ZIKAV’s research and 

development and showed that scientific efforts from LAC countries, in particular from Brazil, 

had a significant role in the generation of global knowledge. The study highlights the need for 

a continued interdisciplinary approach in order to improve our ability to prepare for, control 

and prevent future outbreaks. 
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Introduction 

 

Zika virus (ZIKAV) infection has recently become a public health concern, being associated 

with dramatic neurological conditions, including fetal microcephaly and other congenital 

malformations (Lowe et al., 2018). Epidemiological studies confirmed that the Latin America 

and Caribbean (LAC) outbreak, which started in Brazil in may 2015, resulted in over one 

million people infected, with a shocking number of microcephaly cases in fetuses and infants 

(ECDC, 2016; Singh et al., 2018). To date, the geographical distribution of ZIKAV has 

expanded globally and 84 countries/territories have reported vector-borne transmission 

(WHO, 2017a). Consequently, scientific publications on ZIKAV have radically increased in 

the last few years, evidencing an impressive effort of worldwide researchers to develop 

effective diagnostic tools, treatment and vaccines, discuss prevention and control approaches, 

and comprehend the pathogenicity and diverse clinical manifestations of the virus (ECDC, 

2016; Lowe et al., 2018). 

 

Despite significant advances, ZIKAV remains an enduring scientific and technological (S&T) 

health challenge. Hitherto there are no vaccines or antiviral therapy readily available, 

although this may be feasible in the near future (Diamond & Coyne, 2017). ZIKAV is likely 

to have significant and long-lasting social and economic impacts, specially across LAC 

countries, greatly affected by the epidemics (Colón-González, Peres, Bernardo, Hunter, & 

Lake, 2017). A better assessment of how LAC countries responded to the scientific challenge 

imposed by the outbreak is essential to guide the prioritization of future research, the 

preparedness for challenges ahead and direction of financial investments.  

 

The assessment of LAC S&T contributions is hindered by the frequently use of international 

databases, as a unique source of information (Meneghini, Mugnaini, & Packer, 2006; Vélez-

Cuartas, Lucio-Arias, & Leydesdorff, 2016). The impact of excluding regional databases is 

exacerbated by the tendency of LAC-based authors to publish in regional and local journals 

(Meneghini et al., 2006). This was evident when publications by Brazil were analysed: the 

country accounted for approximately half of the scientific output of the LAC region in the 

Science Citation Index in 2015 (RICYT, 2017) and data from 1998-2012 indicates that 

approximately 40% of its scientific production was published outside the Core Collection of 

the Web of Science (Mugnaini et al., 2014) Although the inclusion of LAC-edited journals in 

Web of Science (Wos), Scopus and PubMed databases has increased over time (RICYT, 

2017; Testa, 2016), analyses on how different areas/research themes are covered have not 

been carried out.   

 

In this sense, this paper aims to contribute to the discussion of the role of S&T knowledge 

produced and disseminated regionally to address global challenges. In the present study, we 

focused on ZIKAV epidemics using combined publication, patent, and social network 

analysis methods to address the following questions: i) what was the LAC region’s 

contribution to the worldwide scientific and technological knowledge production on ZIKAV?; 

ii) what was the international coverage of ZIKAV-related publications indexed in LAC 

regional databases?; iii) to which extent the LAC region contributed to technological 

development directed to ZIKAV?  
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Method 

 

Data collection 

ZIKAV-related scientific publications (up to 2017) were retrieved from three different 

databases: Web of Science (WoS), Scopus and PubMed. The query was directed to the title, 

abstract and keywords using the search terms “zika OR zikav”. All types of publications were 

included in the analysis, but replys, erratums and comments on existing papers. To account 

for regionally-focused publications, data from SciELO (Scientific Electronic Library Online) 

and LILACS (Literature in the Health Sciences in Latin America and the Caribbean) 

databases were collected. SciELO is originally from Brazil and encompasses publications in 

LAC countries, whereas LILACS covers specifically medicine and health sciences 

publications in the LAC region, being maintained by the Latin American and Caribbean 

Center on Health Sciences Information.  

 

Patent applications were retrieved using Orbit Intelligence, Questel’s commercial Intellectual 

Property Business Intelligence software. Orbit is a patent search platform with comprehensive 

worldwide coverage of patent publications from more than 100 patent authorities. Our search 

query consisted in “zika OR zikv OR zikav” in the title, abstract or claims and earliest priority 

date up to 31/12/2017. Assignee location was assessed using the field “assignee country”. 

 

Data treatment and processing 

Scopus, PubMed and WoS database integration, duplicate removal and data harmonization 

into a single dataset were carried out using the software VantagePoint (Search Technology 

Inc.). Scielo and LILACS databases were manually processed.  

 

Patents were individually analyzed to exclude documents outside our search scope. Patent 

assignee names were harmonized and grouped into subsidiaries using Orbit analysis module.  

 

Network analysis and visualization 

After treatment and processing, authors’ affiliation data available in scientific publications 

was used to assess country collaboration dynamics through the analysis of co-authorship 

networks. In these networks, nodes represent countries, and two or more countries were 

connected if their members shared authorship of one or more papers. Visualisation of network 

graphs and statistical analyses were produced with the open-source software Gephi. Countries 

that had prominent roles were identified by their betweenness centrality, which reflects the 

extent a node acts as a “bridge” between other nodes (Freeman, 1979).  

 

Results 

 

To assess the contribution of LAC countries to the worldwide knowledge production on 

ZIKAV, searches for scientific publications were carried out in international databases. Such 

searches retrieved 4,232 documents from Scopus, 3,378 from PubMed and 4,001 from WoS. 

After data integration, standardization, and treatment, 5,421 unique documents were included 

in the analysis. A database overlap analysis (Figure 1) showed that Scopus and WoS had the 

highest number of unique records, with approximately 16% of all publications on ZIKAV 

exclusively indexed in each database. Overall, 50% of publications retrieved were indexed in 

the three databases. 
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Figure 1: Overlap between PubMed, Scopus and WoS databases. 
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Our data evidenced a dramatic increase in scientific publications targeting ZIKAV over the 

last years, particularly from 2015 onwards (Figure 2, left panel). Authors from the United 

States (n=2,169), LAC countries (n=1,086) and China (n=365) were the most frequent 

contributors in the period evaluated (Figure 2, right panel). Among LAC countries, Brazil was 

involved in approximately 67% of all LAC publications (n=1086), accounting for 13% of the 

world’s scientific publications on ZIKAV. Other LAC countries had minor contributions, 

such as Colombia (n=140), Venezuela (n=36) and Argentina (n=35). 

  

 

Figure 2: General profile of ZIKAV research indexed in international databases. Left panel: 

annual number of published articles on ZIKAV (2007-2017); Right panel: Top ten most 

active countries/regions (up to 2017). 
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Searches were then carried out in regional LAC databases to evaluate the international 

coverage of ZIKAV-related publications indexed in LAC regional databases. Regional 

database searches retrieved 193 records from SciELO and 157 from LILACS. After treatment 

and processing, 237 unique publications were included in the analysis, with an overlap of 
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48% between databases (Figure 3). Overall, 30% of ZIKAV publications retrieved in the 

regional databases were not indexed in the international databases. 

 

 

Figure 3: Overlap between SciELO,  LILACS and international databases. 
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Data retrieved from international databases was used to build the global network for ZIKAV 

research. The network involved 157 countries, reflecting the solid international collaborative 

research efforts for disease control. The top three most central countries, according to their 

betweenness centrality, were the United States, France, and Brazil (Table 1).  

 

Table 1: ZIKAV global research network’s top five central countries  

 

Rank Country Betweenness centrality 

1 United States 0.117 

2 France 0.055 

3 Brazil 0.043 

4 United Kingdom 0.029 

5 Switzerland 0.027 

 

Co-authorship network analyses showed that the United States was the most frequent 

collaborator of LAC countries, co-authoring 30% (n=361) of all LAC publications (Figure 4). 

Other frequent collaborating countries include France, Canada, and Germany (each with 98, 

47 and 44 publications in co-authorship with LAC countries, respectively). Collaboration 

between LAC countries was not frequent. Brazilian researchers co-authored 34 publications 

with Colombian and 30 papers with Venezuelan authors. 

 

 

Figure 4: International collaboration in ZIKV research networks involving LAC-based 

authors. Country links were mapped based on authors’ affiliations. Each node represents one 

1218



STI Conference 2018 · Leiden 

 

country and two countries were considered connected if their researchers shared the 

authorship of a paper. The thickness of links indicates the frequency of collaboration between 

two nodes. Nodes are color-coded according to author’s continent. 

 

 
 

A patent search was carried out as a means to assess potential technological development 

towards ZIKAV. Our search of patent documents retrieved a total of 323 patent families 

(encompassing 937 individual patent filings) with earliest priority date up to 31/12/2017. 

Patent families that were not related to ZIKAV were removed, and a total of 311 families 

remained. It is noteworthy that approximately 90% of the remaining families have earliest 

priority date from 2015 onwards (Figure 5). This percentage is even more expressive 

considering that patents are usually published 18 months after the earliest priority claimed. 

Prior to these 18 months, unless publication is specifically requested by the patent owner, the 

application is confidential to the national intellectual property office and will not be retrieved 

in our search, meaning that data for 2016 and 2017 are incomplete. 

 

 

Figure 5: Annual evolution of Zika-related patent applications (2007-2017).  
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So far, only four patents retrieved from our search are from LAC organizations, all based in 

Brazil. One of them was filed in 2015 and three in 2016. Two of them were filed in the Patent 

Cooperation Treaty (PCT) and may enter national phase in other countries.  

Discussion 

On February 1, 2016, the World Health Organization declared the cluster of ZIKAV-

associated microcephaly cases and other neurological disorders a Public Health Emergency of 

International Concern (WHO, 2016). This action induced a global response in several areas, 

which also reflected in S&T efforts (Albuquerque et al., 2017). Our assessment of scientific 

publications, integrating three international and two regional databases, coupled to patent 

analyses, offered a comprehensive representation of ZIKAV’s research and development 

(R&D) community and showed that, prior to 2015, it was a relatively neglected pathogen. 

This great increase in R&D activities may have been bolstered by an increase in funding 

directed to the epidemics by several international agencies (CDC, 2014; WHO, 2017b). 

As the LAC region was the most affected area, Brazil in particular, understanding the 

overlaps and disparities between bibliographic databases is an essential tool for a 

comprehensive analysis of regional contributions. Our international database analyses showed 

that scientific efforts from Brazil had a significant role in the generation of global knowledge 

on ZIKAV. In fact, Brazilian scientists were responsible for seminal work on outbreak 

characterization (e.g. Campos, Bandeira, & Sardi, 2015) and their research was critical to 

document the anomalous high incidence of microcephaly and other newborn malformations 

that were associated with ZIKAV infecting pregnant women (Brasil et al., 2016). However, 

regional database analyses showed that 30% of scientific contributions indexed in LAC 

databases were internationally “invisible”. The global importance given to ZIKAV along with 

the high incidence of cases in LAC countries urges that knowledge produced regionally is 

made noticeable. Although SciELO has been included in WoS and Scopus indexes several 

LAC journals, providing a more inclusive representation of regional scientific publications, 

coverage of Social Sciences and Arts and Humanities areas are limited in international 

databases (Mongeon & Paul-Hus, 2016). In addition, the usability of regional databases, 

which usually provide limited tools to download data and to analyze the results output 

remains a challenge for bibliometricians.  

During an epidemic, the role played by countries in a knowledge-generating network is an 

important parameter for influencing response, decision-making, preparedness, and 

empowerment. Our co-authorship network analyses allowed for a better understanding of the 

markedly cooperative context in which ZIKAV scientific knowledge was generated and 

identified key leading countries. In such analyses, a node with high betweenness centrality 

would potentially have more control over the network. This parameter suggests a  prominent 

role for Brazil in facilitating access to novel information or resources, transfering the 

knowledge generated and coordinating efforts across the network, potentially acting as a 

“bridge” in the scientific community. Indeed, when a network of international scientists 

suggested that Brazil’s 2016 Olympic Games should be put off because of the “Zika problem” 

(Attaran, 2016), it was a report from Brazilian scientists that brought evidence that the 

epidemics had receeded, indicating that the games would not have to be cancelled or 

postponed (Codeço et al., 2016). 
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Patent analyses also evidenced a globally low interest in technological development related to 

ZIKAV prior to 2015 and a markedly increase in patent filings after the 2015 outbreak. To 

date, it may seem the intense scientific activity in the ZIKAV field is still more focused on 

basic science research, as concluded from the small number of patent applications retrieved 

compared to the intense activity in scientific publications. However, given the peculiarities of 

the international patent system, it will only be possible to evidence the real effect of the last 

ZIKAV outbreak on patent filings in the next years. Moreover, specifically for the analyses of 

LAC countries’ contributions, common delays in the publication of patent filings must be 

taken into consideration. For instance, publication of patent applications in Brazil may take 

longer than the usual 18 months, unless filed by the international PCT or specifically 

requested.  

 

We intend to advance these analyses by looking into publication and patent content, detecting 

key leading institutions and identifying gaps in knowledge and technological development. 

This information may be used to adequately inform the international public health community 

and national policymakers, as well as to highlight the need for a continued interdisciplinary 

approach to improve our ability to prepare for, control and prevent future outbreaks.  
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