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Introduction

The 2015/2016 Zika outbreak is considered as one of the 
major global health crises of the 21st century. The origins 
of the outbreak can be traced back to French Polynesia in 

2013 (1). Zika virus (ZIKV) spread rapidly in the Pacific 
islands and reached Brazil in 2015 (1,2).

The primary transmission route of ZIKV is vector-
borne through the bite of an infected mosquito (Aedes 
genus, mainly Aedes aegypti) and has an incubation period of  
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3–14 days post-exposure (3,4). Furthermore, infected 
pregnant women can transmit ZIKV directly to the foetus; 
whilst it can also be transmitted through sexual contact 
with an infected individual (3,5). Infection is predominantly 
asymptomatic (5) or with only mild symptoms, which 
include fever, skin rash, conjunctivitis, muscle and joint pain, 
malaise and headache (3,5). ZIKV disease is usually mild 
and does not require specific treatment, with symptoms 
lasting only 2–7 days (3). However, after increased reporting 
of growing clusters of children born with microcephaly and 
other neurological disorders in Brazil, in February 2016 
World Health Organisation (WHO) declared it a Public 
Health Emergency of International Concern (PHEIC) (6).  
Similar cases of microcephaly were also retrospectively 
reported in French Polynesia in 2014, and continued 
to spread through the Americas and Pacific throughout 
2015–2016 (6). ZIKV RNA was detected in the amniotic 
fluid of affected newborns. After direct transmission from 
an infected pregnant woman to her foetus was confirmed (6),  
ZIKV was established to cause severe neurological 
complications in foetuses and neonates (6). Associations 
between ZIKV and Guillain-Barré syndrome (GBS) in 
adults and microcephaly in newborns were reported in 
Brazil in 2015 (7). As a result, WHO concluded that ZIKV 
infection during pregnancy can cause congenital brain 
anomalies, such as microcephaly; and further could be a 
causal agent for GBS (3).

In addition to pregnant women, travellers are a 
population group of high concern in the transmission of 
ZIKV. Although WHO was quick to identify the Zika 
outbreak a PHEIC, in less than a year since the declaration, 
the virus had spread to more than 25 nations in the 
Americas, the Pacific islands, and West Africa (8). As of May 
2016, Brazilian national authorities had estimated 500,000 
to 1500,000 cases of Zika; Colombia had reported 56,477 
suspected cases; and Cabo Verde (Africa) had reported 7,499 
as of March 2016 (7). Globally, approximately 1.6 million  
autochthonous cases of Zika have been reported as of 
March 2016 (9). Similarly, Brazilian authorities reported a 
total of 13,914 suspected cases of microcephaly and other 
congenital central nervous system (CNS) malformations 
between epidemiological week (EW) 32 of 2015 and EW 
22 of 2017, of which there were 2,775 confirmed cases of 
microcephaly associated with ZIKV infection (10).

As Zika developed into a PHEIC, exploring new ways of 
predicting and monitoring its spread became crucial given 
the limitations of traditional infectious disease monitoring 
methods. A criticism of the Brazilian response to the 

outbreak was that they were unable to effectively fight and 
win the battle against mosquitos due to the implementation 
of inadequate traditional control strategies, such as 
the deployment of the army to conduct anti-mosquito 
campaigns in houses (11). In contrast, innovative approaches 
such as the deployment of Wolbachia-infected mosquitoes, 
which can limit transmission of ZIKV promise much 
greater efficacy (12) but the impact of such interventions 
require thorough assessment. In this instance, the use of 
computational predictive models could simulate the impact 
of such interventions on mosquito populations, indeed, such 
models are already used to inform Dengue fever control 
strategies (13). As a result of the clear potential benefits 
they represent, the use of digital technologies for disease 
outbreak interventions has increased (14). Public health 
challenges of this nature require the development and use of 
innovative approaches, such as digital technologies, which 
can assess, predict, monitor and control the spread and 
transmission of the disease. The term ‘digital technologies’ 
may refer to a variety of digital resources which are used 
to gather disease-related data, including but not confined 
to; mHealth (e.g., cell phones, mobile devices); global 
positioning system (GPS) [e.g., geographic information 
system (GIS)]; social media (e.g., Facebook, Twitter); 
remote sensing technologies (e.g., wireless remote health 
monitoring system, satellite imaging); and electronic 
management databases (e.g., computer-based modelling). 
An example of digital technology is the use of an affordable 
and portable molecular device for rapid point of care (POC) 
diagnosis of ZIKV (15). The device could replace the 
conventional immuno-based rapid test, which is often not 
successful in distinguishing between Zika and other related 
Flaviviruses (15).

This review focuses on the recent Zika outbreak because 
it presented a key opportunity for digital technologies 
to demonstrate their value during a public health crisis. 
Digital technologies have the potential to improve disease 
monitoring, prevent and control cross-border transmission, 
and improve the timeliness of outbreak discovery, and 
awareness the public engagement. One such example of 
this approach is Digital Participatory Surveillance, a web-
based disease monitoring system to support and improve 
global disease outbreaks management through encouraging 
members of the public to report signs and symptoms of 
their infections (14). However, little is known about the 
role of digital technologies in managing global emerging 
infectious diseases outbreaks as a whole, hence the rationale 
for this work.
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Study purpose and research question

The purpose of this scoping review was to summarize the 
current state of research activity, by extent and by nature, 
regarding the utilization and the role of digital technologies 
during the Zika outbreak by providing an overview of 
publications covering this subject. Therefore, this scoping 
study attempted to answer the following research question:

(I)	 To what extent is the subject covered in the scientific 
literature between January 2016 and July 2017?

(II)	 What types of articles (e.g., reviews, original 
research) are published on the topic?

(III)	What is the geographical focus of the publications?
(IV)	What is known about the utilization of digital 

technologies with specific reference to the 2016 Zika 
outbreak?

Methodology

Based on the scoping review methodology (16) as defined by 
Arksey and O’Malley (16), that scoping reviews are used “to 
map rapidly the key concepts underpinning a research area and 
the main sources and types of evidence available”. A key strength 
of this method, as applied to our review, is that it allows for 
the analysis of broad research questions. The utilisation 
of digital technologies to tackle the Zika outbreak is a vast 
area of research and our intention was to map the breadth 
of the research activity on this topic. Hence, we reviewed 
the published literature on the use of digital technologies in 
the context of the 2016 Zika outbreak. Using the following 
methods, we collated published literature, extracted data, 

and undertook a descriptive analytical method to summarize 
the information. We mapped the findings by categorizing 
the publications based on their relevance to a specific digital 
technology domain (Table 1).

Identifying relevant studies and search strategy

In order to comprehensively identify relevant studies in 
the field, we developed and implemented a comprehensive 
search strategy. The search strategy combined English 
related terms of digital technology and the Zika outbreak 
containing a combination of free text and PubMed MeSH 
terms. Our search strategy, in summary, included, but not 
confined to; (Zika OR “Zika virus infection” OR “ZIKV” 
OR “Zika virus disease” OR “viral disease”) AND (“Digital” 
OR “Technology” OR “Precision medicine” OR “Biosensor” 
OR “Sensors” OR “Bio-surveillance” OR “Intelligent 
surveillance”). These search terms were used to identify 
relevant literature in two main databases, PubMed and Web 
of Science (see complete search syntax in Table S1).

Study selection

The scoping review included all article types namely, 
original quantitative and qualitative approaches, systematic 
reviews, editorials and viewpoints, indexed in PubMed 
or Web of Science databases. The publication dates were 
restricted to period January 2016 to July 2017. This date 
range was selected to cover the period when Zika outbreak 
as a PHEIC started and ended in Brazil (May 2017).

Table 1 Brief description of identified digital technology domains

Digital technology domain Description

Computational modelling Models involve assumption, abstraction and simplification, of complex disease-associated dynamics (17). 
This review covered modelling as computer/software assisted modelling, primarily referring to mathematical, 
computational, spatial-temporal modelling

Big data A term describing the storage and analysis of large and or complex data sets using a series of techniques 
including, but not limited to: cloud computing, non-relational databases, natural language processing and 
machine learning (18). This review covered big data mostly through big data analytics of social media data 
(e.g., Twitter, Facebook, YouTube, Instagram), and web-based surveillance (HealthMap, ProMed, EpiCore, 
and Digital Participatory Surveillance)

mHealth mHealth refers to medical and public health practices supported by mobile devices, such as mobile phone 
technology, patient monitoring devices, personal digital assistants, and other wireless devices (19). This 
review covered mHealth through the use of mobile phone applications

Novel technologies Case-specific technologies produced or updated, to specifically track and monitor the outbreak, considered 
“interestingly new or unusual”. This review included nanotechnologies using nano-magnetic materials and 
methods, amongst other case-specific technologies
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The collected articles were independently screened by 
two reviewers (S Ahmadi & NE Bempong) for relevance to 
the inclusion and exclusion criteria. We first screened the 
published papers by reviewing their titles and abstracts. The 
papers not meeting the inclusion criteria were excluded. A 
final selection was made by reading the full-texts. The two 
reviewers (S Ahmadi & NE Bempong) met several times 
at the beginning, midpoint, and final stages of the abstract 
selection process to discuss agreements or disagreements, 
challenges faced, and uncertainties related to study 
selection. We went back and refined the search strategy 
as needed. In case of disagreement, a third reviewer (A 
Flahault) was consulted to determine final inclusion.

Charting, collating and summarizing data

In the analysis stage, a descriptive numerical summary 
was provided which included the following information 
from the focal articles: author/s, publication year, study 
type, geographic region of the study, digital technology 
domain, functions served by each technology, and main 
results (Table 2). The geographic region of the papers was 
determined based on the WHO regional grouping, namely; 
African region, region of the Americas, South-East Asia 
region, European region, Eastern Mediterranean region, 
and Western Pacific region. Papers that did not focus on 
a specific region or country, or focused on more than one 
region were classified into “others”. The extracted data was 
extrapolated into a data charting form in an excel file. The 
two reviewers independently extracted data for the first five 
studies using the data-charting form and met to determine 
whether their approach to data extraction was consistent 
with the research question and purpose.

Results

We screened 350 titles and abstracts, of which we identified 
328 unique records after excluding duplicates (n=22). A 
total of 240 records did not meet the inclusion criteria 
(Figure 1). We then screened full-text records (n=88) for 
relevancy, leaving 57 published papers to be included in 
the final synthesis (Figure 1). Four main themes or digital 
technology domains were identified from these published 
papers (Figure 2). These domains are defined in Table 1. 
The 57 publications identified in this scoping review are 
classified and summarized in Table 2.

The majority of the articles (n=54/57) used quantitative 
methodology. The majority of the studies (n=55/57) 

used non-experimental study designs with only 2 articles 
reporting experimental approaches. In terms of geographical 
focus, approximately half (n=27/57) of the published papers 
targeted the region of the Americas (Table 2). Few papers 
targeted the Western Pacific (n=3/57) or European regions 
(n=1/57) while the rest of the papers (n=26/57) did not 
target a single particular geographic region.

Functions

Most of the studies (n=53/57) identified digital technologies 
that served the function of monitoring during the Zika 
outbreak. A small portion of studies addressed the topic of 
diagnosis (n=2/57) and treatment (n=2/57) of ZIKV.

Computational modelling

This scoping review identified 32 papers (n=32/57) that 
used computational modelling techniques including 
mathematical modelling (n=20/57) and geographical 
information systems (GIS) (n=12/57) mapping-based 
approaches mainly to estimate the magnitude of the Zika 
outbreak, study transmission dynamics, and predict the 
spread of ZIKV to other regions.

ZIKV incidence rates and the potential magnitude of the 
outbreak were estimated with the use of epidemiological maps 
(20-25). ZIKV transmission dynamics studies (26-29,31-37) 
estimated the basic reproduction number for the outbreak 
(27-29); identified geographic areas at risk for transmission 
(26,30,32,37) and predictors of transmission (31);  
estimated the burden of the sexual transmission route (34) 
and modelled the outbreak or infection dynamics (33,35-37).  
Some studies focused on the estimation of ZIKV global 
dispersion and spread (38,40,41) including importation to 
Europe (39).

Mathematical and spatial modelling techniques were 
also used to increase knowledge on the Aedes spp. vectors. 
A modelling study predicted 35 mosquito species that 
could potentially transmit ZIKV (47). The global vector 
transmission risk distribution was estimated using niche 
modelling (43) and population dynamics of Aedes aegypti (45) 
were studied. Studies on optimal control and prevention of 
ZIKV included the introduction of Aedes aegypti-suppressing 
Wolbachia mosquitoes (46).

Furthermore, modelling approaches were used to 
estimate the effectiveness of intervention strategies to 
control the spread of ZIKV (48,49). A spatial data mining 
method was applied to predict potential host-virus 
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interaction that identified ten mammals, including bats, 
as non-human hosts of ZIKV (51). Finally, a lower risk of 
ZIKV induced microcephaly due to a yellow fever vaccine 
coverage was highlighted through a causal analysis (50).

Big data

This review identified 19/57 studies that described the use of 
big data in the context of the Zika outbreak. This included 
mainly description and analysis of different roles and the 
use of social media (16/57) and web-based surveillance 
(n=3/57) during the outbreak. The largest number of 
studies (n=11/57) undertook Facebook/Twitter analytics 
(55,57-62,64,65,69) and analysis of obstetric websites and 
their associated social media accounts (68). Several studies 
identified, through social media analytics, that platforms 
such as Facebook and Twitter were important tools during 
the Zika outbreak. These were used by the national and 
international health agencies including the WHO and the 
CDC for the purposes of outreach, health communication, 
online engagement (62,63) and social media monitoring of 
public awareness (67). Furthermore, studies looked at social 
media engagement of either the public (61,64) or both the 
public and the CDC (60) to study their concerns during the 
Zika outbreak. Other studies combined data from different 
web-based data streams such as Google trends, Twitter and 
HealthMap with traditional surveillance case data to track 
and predict Zika incidence during the 2016 Latin America 
outbreak (69). The relationship between daily Zika related 
news coverage, social media mentions and online behaviour 
regarding Zika was also studied (58). Two studies applied 
social media analysis to photo sharing (Instagram and 
Pinterest) (65) and a video sharing website (YouTube) that 
found relevant content on Zika (66).

This review also identified studies (4/57) that used social 
media analytics to investigate the issue of misinformation and 
pseudo-scientific claims about Zika on these platforms (54-57).  
It was reported that misinformation about ZIKV existed on 
the regular search engines such as Google and Bing (54), and 
they were far more popular than the posts dispersing accurate 
information (56). In addition, one study identified that 
obstetric care practices do not optimally use their website to 
inform populations about the risk of ZIKV (68).

The category of big data also included studies on web-
based surveillance (3/57) particularly on OpenZika project, 
ProMED, and Digital Participatory Surveillance (DPS) 
(14,52,53). The OpenZika project, an IBM World Community 
Grid Project, started the virtual screening of approximately 6 
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million compounds to discover novel candidate compounds 
for developing new drugs to treat ZIKV infection (52). 
ProMED is one of the most innovative and important 
contributors to global health digital surveillance (53).  
ProMED is an innovative and informal disease surveillance 
system, which col lects  and disseminates  data  on 
outbreaks faster than traditional surveillance systems (53).  
Evidence suggests that it was one of the first outlets to 
report the early spread of Zika in the Americas in 2015 (53). 

In addition, DPS is another form of digital surveillance 
where the public reports signs and symptoms through 
a structured form, which can be aggregated, analysed 
and summarized via epidemiological maps to enable risk 
prediction and inform prevention and response (14).  
Although DPS had strong potential to demonstrate its 
value during the global Zika outbreak, there is a lack of 
representation of its use in the literature (14).

mHealth

Four studies (n=4/57) described the use of mHealth 
applications in the context of the Zika outbreak. Zika tracker 
is a mobile web-based application that can be used globally 
to report suspected or confirmed Zika cases and its related 
signs and symptoms on a public or private level (70).

Another mobile web-based application is the WHO’s 
Zika App, which provides real-time information to all 
users (71). The application has both a mobile phone and 
website interface and has a general section for the public 
and a more technical section for healthcare workers. The 
general section provides general disease-related information 
including key facts, symptoms and transmission, diagnosis 
and prevention, while the section for health care workers 

Figure 1 Flowchart of literature search and screening.
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provides more technical information on diagnostics, 
surveillance, management of complications, vector control, 
and the WHO Response Plan.

A smartphone-based diagnostic platform for rapid 
detection of ZIKV showed high sensitivity and specificity in 
detection of ZIKV (72). The platform employs a smartphone-
based algorithm and can be powered by a USB (e.g., a USB 
power bank) or solar panel. The tool has wide spread clinical 
deployment as it can detect ZIKV directly from crude human 
sample matrices (blood, urine, and saliva) (72).

This review also revealed a study testing the utility of a 
dedicated smartphone application to improve the sensitivity 
of optical analysis of results obtained from a paper-based 
device used for the detection of ZIKV (73). Furthermore, 
the results could be sent directly via SMS to a health center 
(e.g., laboratory), for example (73).

Novel technologies

This review identified two (n=2/57) studies that described 
the use of innovative and novel technologies during the 
Zika outbreak. MinION, an innovative real-time, portable 
genome-sequencing device was used in Brazil to perform 
portable whole-genome sequencing after tiling polymerase 
chain reaction (PCR) (75).

The second of these technologies served the function of 
prevention and control. Rodriguez et al. (74) demonstrated 
in their experimental study the efficacy of some wearable 
insecticide devices compared with traditional repellent for 
the Aedes aegypti. The study concluded that the wearable 
device, which releases Metofluthrin, significantly reduced 
the numbers of attracted mosquitoes (74).

Discussion

The findings suggest that the overall utilization of digital 
technologies during the Zika outbreak is covered somewhat 
disproportionately in the scientific literature between 
January 2016 and July 2017. We identified relatively more 
articles on the utilization of computational modelling (n=32) 
and big data (n=19). While we identified only a few studies 
on mHealth (n=4) and novel technologies (n=2), as also 
shown in Figure 2. This could be possibly explained by the 
priority of action over research during a PHEIC.

A large number of the papers focused on the region of 
the Americas, where the burden of the Zika outbreak was 
greatest. However, considering the rapid spread of the 
outbreak to other regions, nearly half of the papers did not 

target a particular region. The rapidly spreading ZIKV 
disease was usually mild and not fatal, but it was associated 
with long-term neurological complications including 
microcephaly during pregnancy (3). Therefore, one of the 
important public health priorities was to bring evidence 
through research in order to prevent and control the 
transmission of this infection. Indeed, most of the digital 
technologies identified in this review served the function of 
monitoring, focusing mainly on prevention and control of 
the outbreak, whilst only a few digital technologies served 
the function of diagnostics or treatment.

Digital technologies played an important role in the 
Zika outbreak, aiding understanding of the disease itself, 
improving diagnostic tools and controlling the spread 
of the infection. The most used and documented digital 
technologies were data modelling and big data analytics. 
As the Zika outbreak was faced with a lack of adequate 
research and knowledge on transmission dynamics of ZIKV 
and its vectors (76), improving knowledge and evidence 
about ZIKV became an important priority. Data modelling 
methods along with high-resolution geographical and 
spatial models were used as powerful tools to understand 
transmission dynamics and dispersion of ZIKV, and to 
estimate the burden of the infection in multiple regions. 
For example, one model-based study (20) estimated 
that 1.65 (1.5–2.1) million childbearing women and  
93.4 (81.6–117.1) million people in total could be infected 
in Americas as a result of the outbreak. Another modelling 
study (50) predicted that high yellow fever vaccination 
coverage among pregnant women in Brazil might expose 
their offspring to lower risk of developing microcephaly.

Additionally, studies on social media analytics reveal a 
high value to health communication and engagement during 
a public health crisis. For example, both the public and 
health authorities showed high online engagement through 
social media during the Zika outbreak (62,63), which 
highlights the potential role of social media as a platform 
for health information dissemination during an outbreak. 
However, such approaches could be faced with the challenge 
of misinformation and circulation of pseudo-scientific 
claims (54-57) and therefore require better ‘curation’ of 
health-related posts on these platforms (56), and does not 
replace the need for other relevant interventions during an 
outbreak. One solution to address concerns surrounding the 
reliability of information shared on social media is to use a 
system such as WHO’s mHealth Zika application, capable 
of disseminating real-time health information to all of its 
users (71). Nonetheless, such approaches have far fewer 
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participants than popular social media platforms, limiting 
their overall efficacy.

The use of other digital technologies identified in this 
review, including but not confined to Zika tracker (70) 
and DPS (14), demonstrate their potential to contribute 
to the monitoring of disease outbreaks and public health. 
Information obtained through such digital applications 
could be used by a variety of public health workers (e.g., 
bioinformaticians and epidemiologists) to understand ZIKV 
disease and target preventive and control measures in the 
target areas (70). Digital technologies such as OpenZika 
could accelerate the discovery of new antivirals against 
Zika (52). However, it is important to note that there are 
limited research and evidence on the effectiveness of certain 
digital technologies in the context of the Zika outbreak. For 
example, there is limited evidence in the published literature 
on substantive public health outcomes for the DPS projects 
during the outbreak, possibly reflecting the priority of 
action over research during a PHEIC (14), as mentioned 
earlier. Moreover, most of the identified published papers 
in this review used non-experimental methods, therefore 
further quantitative experimental research could add more 
evidence for the effectiveness of several additional novel 
technologies, particularly mHealth approaches and novel 
technologies with reference to PHEIC.

The scope of this review has potential limitations 
relating to the search strategy that should be considered 
when interpreting the results. Only two databases were used 
for the literature search, thus some articles present only in 
other databases will have been missed. Furthermore, only 
articles in the English language were included in the review, 
however, only two articles in other languages (Spanish and 
Chinese) identified in this review were excluded from the 
final synthesis due to this criterion.

Conclusions

This scoping review summarized the breadth of research 
activity on the utilization of digital technologies during 
the 2016 Zika outbreak. The review revealed the use of 
a number of digital technologies with the majority of 
publications reporting the use of computational modelling 
(including GIS and spatial analysis) and big data systems 
as core approaches, commonly dedicated to disease 
monitoring. Only a very small share of these studies 
described the use of mHealth and novel technologies 
which were dedicated not only to monitoring, but also 
to improving point-of-care diagnostic tools. Considering 

the potential for rapid implementation of this form of 
technologies or smartphone applications, they warrant 
further study. Our findings suggest that digital technologies 
could offer significant improvements for disease monitoring, 
enhanced diagnostic tools, and prevention and control of 
disease spread, provided these approaches are evidence-
based and have measurable impacts to support continued 
development.
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Table S1 Search syntax for databases PubMed and Web of Science

Database Search Syntax

PubMed (("Zika"[Title/Abstract] OR "Zika virus infection"[Title/Abstract] OR "ZIKV"[Title/Abstract] OR "Zika virus disease"[Title/
Abstract] OR "viral disease"[Title/Abstract]) AND ("Digital"[Title/Abstract] OR "Technology"[Title/Abstract] OR "Precision 
medicine"[Title/Abstract] OR "Biosensor"[Title/Abstract] OR "Sensors"[Title/Abstract] OR "Bio-surveillance"[Title/Abstract] 
OR "Intelligent surveillance"[Title/Abstract] OR "Participatory surveillance"[Title/Abstract] OR "Genomic epidemiology"[Title/
Abstract] OR "Genomic sequencing"[Title/Abstract] OR "Pathogen genomics"[Title/Abstract] OR "Big data"[Title/Abstract] 
OR "Data storage"[Title/Abstract] OR "Data science"[Title/Abstract] OR "Information processing"[Title/Abstract] OR 
"Blockchain"[Title/Abstract] OR "Social media"[Title/Abstract] OR "Twitter"[Title/Abstract] OR "Facebook"[Title/Abstract] 
OR "Instagram"[Title/Abstract] OR "Flicker"[Title/Abstract] OR "YouTube"[Title/Abstract] OR "Wikipedia"[Title/Abstract] OR 
"Telemedicine"[Title/Abstract] OR "Robotics"[Title/Abstract] OR "Machine learning"[Title/Abstract] OR "Modelling"[Title/
Abstract] OR "Mathematical modelling"[Title/Abstract] OR "Spatiotemporal modelling"[Title/Abstract] OR "Mapping"[Title/
Abstract] OR "mHealth"[Title/Abstract] OR "Mobilephone"[Title/Abstract] OR "Smartphone"[Title/Abstract] OR 
"Cellphone"[Title/Abstract] OR "Phone"[Title/Abstract] OR "Cell phone technology"[Title/Abstract] OR "Mobile data"[Title/
Abstract] OR "Mobile application"[Title/Abstract] OR "Devices"[Title/Abstract] OR "Connected device"[Title/Abstract] OR 
"Internet"[Title/Abstract] OR "Web-based"[Title/Abstract] OR "Internet-based"[Title/Abstract] OR "Web-database"[Title/
Abstract] OR "Cloud"[Title/Abstract] OR "Cloud-based"[Title/Abstract] OR "eHealth"[Title/Abstract] OR "E-learning"[Title/
Abstract] OR "Game-based learning"[Title/Abstract] OR "Augmented reality"[Title/Abstract] OR "Massive Online Open 
Courses"[Title/Abstract] OR "MOOC"[Title/Abstract] OR "Virtual learning"[Title/Abstract] OR "Virtual reality"[Title/Abstract] 
OR "Online learning"[Title/Abstract] OR "Gaming technology"[Title/Abstract] OR "Serious game"[Title/Abstract] OR "Crowd 
sourcing"[Title/Abstract] OR "Citizen Science"[Title/Abstract] OR "Connected device"[Title/Abstract] OR "Remote-sensing 
technology"[Title/Abstract] OR "Satellite"[Title/Abstract] OR "GPS"[Title/Abstract] OR "Global Positioning System"[Title/
Abstract] OR "Geographic Information System"[Title/Abstract] OR "GIS"[Title/Abstract] OR "Spatial"[Title/Abstract] OR 
"Participatory"[Title/Abstract] OR "Sensor"[Title/Abstract] OR "App"[Title/Abstract] OR "Artificial intelligence"[Title/Abstract] 
OR "Tracking"[Title/Abstract] OR "Mapping"[Title/Abstract] OR "Biogeography"[Title/Abstract] OR "Biomarkers"[Title/
Abstract] OR "Disease mapping"[Title/Abstract])) AND ("2015/01/01"[PDAT] : "2017/07/23"[PDAT])

Web of 
Science

TITLE:("Zika"OR "Zika virus infection"OR "ZIKV" OR "Zika virus disease" OR "Viral disease") AND TITLE: (Digital OR 
Technology OR Precision medicine OR Biosensor OR Sensors OR Bio-surveillance OR Intelligent surveillance OR 
Participatory surveillance OR Genomic epidemiology OR Genomic sequencing OR Pathogen genomics OR Big data OR 
Data storage OR Data science OR Information processing OR Blockchain OR Social media OR Twitter OR Facebook OR 
Instagram OR Flicker OR YouTube OR Wikipedia OR Telemedicine OR Robotics OR Machine learning OR Modelling OR 
Mathematical modelling OR Spatiotemporal modelling OR Mapping OR mHealth OR Mobilephone OR Smartphone OR 
Cellphone OR Phone OR Cell phone technology OR Mobile data OR "Mobile application" OR "Devices" OR "Connected 
device" OR "Internet" OR "Web-based" OR "Internet-based" OR "Web-database" OR "Cloud" OR "Cloud-based" OR 
"eHealth" OR "E-learning" OR "Game-based learning" OR "Augmented reality" OR "Massive Online Open Courses" OR 
"MOOC" OR "Virtual learning" OR "Virtual reality" OR "Online learning" OR "Gaming technology" OR "Serious game" OR 
"Crowd sourcing" OR "Citizen Science" OR "Connected device" OR "Remote-sensing technology" OR "Satellite" OR "GPS" 
OR "Global Positioning System" OR "Geographic Information System" OR Drones OR "GIS" OR "Spatial" OR "Participatory" 
OR "Sensor" OR "App" OR "Artificial intelligence" OR "Tracking" OR "Mapping" OR "Biogeography" OR "Biomarkers" OR 
"Disease mapping")
Timespan: 2015-2017
Search language=Auto
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