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Analysis of scientific production on Zika virus and pregnancy

Análise da produção científica sobre Zika vírus e gravidez 

Luana Kelle Batista Moura1,2, Sarah Maria Melo Cordeiro1, Camila Aparecida Pinheiro Landim Almeida1, Maria do 
Céu Mendes Pinto Marques3, Telma Maria Evangelista de Araújo4, Maria Eliete Batista Moura4

Objective: to analyze the international scientific production on Zika virus and pregnancy. Methods: a 
bibliometric survey was carried out in the ISI Web of Knowledge/Web of Science database, using the search 
terms “Pregnancy”, “ZikV” and “Bibliometrics”, from the export of this data to the HistCite ™ bibliometric analysis 
software. Results: 355 publication records were identified and the 11 most cited articles were selected in the 
Web of Science (global) and those most cited in the selected articles (local) in 207 different journals indexed to 
the database in question, written by 2,435 authors who had links with 799 institutions, located in 59 countries. 
Conclusion: obscure aspects remain about the natural history of Zika virus in pregnant women, clinical profile, 
epidemiology, and lack clarity about the existence of cofactors associated with infection by Zika virus.  
Descriptors: Pregnancy; Zika Virus; Bibliometrics.

Objetivo: analisar a produção científica internacional sobre o Zika vírus e a gravidez. Métodos: pesquisa 
bibliométrica realizada na base de dados ISI Web of Knowledge/Web of Science, com os termos de busca 
“Pregnancy”, “ZikV” e “Bibliometrics, efetuada a partir da exportação destes dados para o software de análise 
bibliométrica HistCite™. Resultados: foram identificados 355 registros de publicação e selecionados os 11 
artigos mais citados na Web of Science (global) e aqueles mais citados no conjunto de artigos selecionados 
(local), em 207 periódicos distintos indexados à base de dados em questão, escritos por 2.435 autores que 
possuíam vínculos com 799 instituições, localizadas em 59 países. Conclusão: persistem aspectos obscuros 
sobre a história natural do Zika vírus em gestantes, o perfil clínico, a epidemiologia, e falta clareza sobre a 
existência de cofatores associados à infecção pelo Zika vírus.  
Descritores: Gravidez; Zika Virus; Bibliometria.

1Centro Universitário UNINOVAFAPI. Teresina, PI, Brazil.
2Universidade Federal do Rio Grande do Norte. Natal, RN, Brazil
3Universidade de Évora, Escola Superior de Enfermagem de São João de Deus. Évora, Portugal.
4Universidade Federal do Piauí. Teresina, PI, Brazil.

Corresponding author: Luana Kelle Batista Moura
Universidade Federal do Rio Grande do Norte. Avenida Senador Salgado Filho, 1.787 - Lagoa Nova. CEP: 59056-000. Natal, RN, Brazil. E-mail: 
luana_moura19@hotmail.com



Moura LKB, Cordeiro SMM, Almeida CAPL, Marques MCMP, Araújo TME, Moura MEB 

Rev Rene. 2018;19:e33794.2

Introduction 

The Zika virus infection presents itself as a re-
curring public health problem throughout the world. 
The World Health Organization has announced the 
convening of an International Committee for Regula-
tion of Health Emergencies, in the face of an estimated 
3 to 4 million new cases of fever caused by the virus 
in the world, in addition to the strong suspicion of its 
relation with cases of microcephaly and neurological 
syndromes(1). 

The introduction and dissemination of Zika vi-
rus in Brazil was sufficient for the Ministry of Heal-
th and the World Health Organization to establish a 
state of emergency in the country’s public health. This 
condition provoked intense mobilization of states and 
municipalities to combat viral circulation, requiring a 
broad intervention policy, involving several sectors of 
society(2). 

Epidemiological surveillance in 2016 repor-
ted 6,480 cases of Zika virus in Brazil; of these, 1,349 
were discarded and 863 confirmed for microcephaly 
or changes suggestive of congenital infection caused 
by the virus. In 97 cases, the presence of the virus was 
confirmed by specific tests in pregnant or aborting 
women(3). 

In 2018, 4,571 probable cases of the disease 
were recorded in Brazil, with an incidence rate of 2.2 
cases/100 thousand inhabitants; of these, 1,674 were 
confirmed. The Southeast Region presented the hi-
ghest number of probable cases in relation to the to-
tal of the country. Next, the Northeast, Central-West, 
North and South Regions appear. In 2017, a death was 
confirmed by Zika virus in the State of Rondônia and, 
in 2018, a death in the state of Paraíba. In relation to 
pregnant women in the country, 869 probable cases 
were recorded, of which 330 were confirmed by epi-
demiological or laboratorial clinical criteria(4). 

In this context, it is pertinent that the scienti-
fic production of studies on the subject be amplified. 
Considering that bibliometric research(5) aims to 
contribute to the evolution of knowledge about the 

researched subject, we have as questions that guide 
the study: What are the sources of value about Zika 
viruses recognized by means of authoring and citation 
metrics? What is the analysis and how were the indi-
cators constructed on the dynamics and evolution of 
scientific and technological information on the virus? 

This study aimed to analyze the international 
scientific production on Zika virus and pregnancy. 

Methods

This is a bibliometric research carried out in 
the ISI Web of Knowledge/Web of Science database. 
Its applicability is an important technique of data 
collection and analysis, being a pertinent and 
argumentative source in the search for resources and 
investments in research in the academic world(5).

The steps for data analysis followed three 
procedures: definition of the database to be consul-
ted; determination of the criteria to be used for data 
collection; and definition of the representation and 
analysis of the data collected. The search period avai-
lable in the database for full years (1945-2017) was 
used in order to allow the replication or updating of 
this study without the need to perform it again from 
its beginning(5).

The descriptors were defined from the Health 
Sciences Descriptors catalog, with the following se-
arch terms being selected: “Pregnancy”, “Zika Virus” 
and “Bibliometrics”. The quotation marks indicate the 
exact representation of the terms with more than one 
word. 

The collection was carried out from the search 
of these terms, which represent the title of the articles, 
abstracts, keywords of the author and keywords cre-
ated (keywords plus). After the search, a refinement 
was made of the works found, through the application 
of filters offered by the base search engine. There was 
no refinement filter for knowledge areas, countries or 
study languages, covering all records of publications 
that had the three terms in association. The articles 
were excluded from the results, or they were still con-
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sidered in conference proceedings and records from 
proceedings, editorial material and letter, considering 
only final and complete papers of the article and re-
view types. 

Subsequently, the material was analyzed by ex-
porting the data to the HistCite bibliometric analysis 
software package in order to organize information and 
facilitate analysis. The following items were analyzed: 
the trajectory of annual evolution of the publications; 
the journals with the greatest number of records; the 
authors with more publications; and the number of 
articles distributed by author’s country of origin. In 
addition to these data generated by the software, as-
pects of the 11 most cited articles globally according 
to the Global Citation Score (GCS) were elucidated, re-
presents the overall citation of the 11 main articles on 
the subject, which received the largest number of cita-
tions in the Web of ScienceTM and the 11 locally cited 
articles, according to the Local Citation Score (LCS), 
which represents the quotient of local citation corres-
ponding to the 11 articles on the theme that received 
the largest number of citations of the articles selected, 
in order to identify their main contributions to the re-
lated theme the Zika virus and pregnancy.  

The ethical principles recommended for rese-
arch of this nature were adopted, respecting the ideas, 
quotations, authors and their publications. 

Results 

The search conducted for the period from 1945 
to 2017 identified the first article result published in 
2014, and for that reason, the time period evaluated in 
the results from 2014 to 2017. 

A total of 355 articles were identified that in-
cluded the descriptors related to the research. These 
articles were published in 207 different journals in-
dexed to the database in question and were written 
by 2,435 authors who had links with 799 research 
institutions located in 59 countries. To achieve these 
articles, 7,994 references were used, with an average 
of approximately 23 references per article.

The evolution of scientific production on Zika 
virus related to pregnancy, demonstrated by the annu-
al number of publications in the period studied, poin-
ted out that international interest in the subject began 
in 2014 with the publication of a study. From that year, 
studies increased, with 138 studies published in 2016 
and 216 studies in 2017. 

In order to identify the most representative in-
ternational journals in the Zika virus and pregnancy 
research area, the 355 journals were analyzed in terms 
of the number of articles published on the topic and 
the total number of citations. Table 1 shows the list 
of the most representative journals considering the 
number of publications on the topic. The relationship 
between the number of citations and the number of 
articles published in each of the journals set up an in-
dicator of the impact of the articles identified in these 
journals under the total number of citations received. 

Table 1 – Periodicals with more articles published 
(2014-2017) 

Newspapers
Nº of 

articles
Citations

Citations/
Amount

Morbidity and Mortality Weekly 
Report 9 228 25.33

Obstetrics & Gynecology 9 75 8.33

American Journal of Reproductive 
Immunology 7 33 4.71

Emerging Infectious Diseases 7 90 12.86

Frontiers in Microbiology 6 18 3

Scientific Reports 6 34 5.67

Seminars in Reproductive Medicine 6 38 6.33

Cell Host & Microbe 5 237 47.4

Cell Reports 5 87 17.4

Clinical Infectious Diseases 5 57 11.4

The journals with the highest number of 
publication records were the Morbidity and Mortality 
Weekly Report, which obtained 228 citations, and 
Obstetrics & Gynecology, which obtained 75 citations, 
both with nine articles published. However, to 
identify those journals with greater impact, an index 
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was defined based on the division of the number 
of citations by the number of published works, 
presenting Cell Host & Microbe as the one with the 
highest index (47.4). This information becomes 
relevant for researchers and research centers in the 
area, by mapping the academic journals that publish 
the most in the subject and more are citations from 
other studies, considered the articles of greatest 
Impact Factor on the subject. 

The authors who had the most publications on 
the subject, their institutional link and the country 
of origin of the institution were presented in Table 
2. Among the authors with the largest number of 
publications on the topic in the Web of Science were 
Jamieson DJ, with 15 publications, Honein MA with 
13, and Diamond MS, with 11; the first two authors 
belonged to the same institution, the National Center 
for Chronic Disease Prevention and Health (CDC), and 
the third belonged to the University of Washington. 

Table 2 – Authors with the highest number of publica-
tions (2014-2017) 

Authors
Nº of 

articles
Bond institution Country

Jamieso DJ 15 National Center for Chronic 
Disease Prevention and Health U.S

Honein MA 13 National Center for Chronic 
Disease Prevention and Health U.S

Diamond MS 11 University of Washington U.S

Meaney-Delman D 9 National Center for Chronic 
Disease Prevention and Health U.S

Cao B 8 University of Washington U.S

Mysorekr IU 8 University of Washington U.S

Brasil P 7 Oswaldo Cruz Foundation/Mato 
Grosso do Sul Brazil

Moore CA 7 Diagnostic Center for 
Ultrasound and Imaging Colombia

Oduyeb T 7 National Center for Chronic 
Disease Prevention and Health U.S

Belfort R 6 Universidade Federal de São 
Paulo Brazil

The United States had the largest number 
of publications, with 203 articles, and they were 

the linking country of the most cited authors. It is 
important to note that Brazil appeared in second 
place, with 82 articles published.

The classification of the scientific studies by the 
number of citations received showed works that were 
considered fundamental to the theme and, although 
it took some time until the articles began to be cited 
by other researchers, the evaluation of the citations 
one tried to establish the state of the art in the area 
of research on Zika virus and pregnancy, based on the 
articles that had in the title of the work the terms used 
in the searches and indexed in one of the journals with 
the highest amount of citations in the theme.  

Figure 1 shows the relationship between the 
most cited articles, separating them into two groups: 
(I) articles that received more quotations from other 
works throughout the ISI Web of Science GCS database 
and (II) articles that received more quotations of the 
work of the selection group of this bibliometric LCS 
study. The number of citations and citation relation-
ships between these works (represented by lines con-
necting the circles) indicate the most representative 
studies on the subject, presenting seminal and subse-
quent works, which were also much referenced. 

With these criteria, 11 articles were selected, 
which were analyzed with the Historiograph/HistCite 
tool, through which it was possible to identify the 
articles that are related to each other, mainly due 
to the references used and/or cited, in which each 
“circle” represents an article, whose number identifies 
the work (author/s, year); each “arrow” shows the 
links between the articles, and the direction of the 
arrows indicates the relationship between the work 
and a later study that quotes it. Through this graphic 
representation, the time line and the main articles 
of the studied theme were delimited: (1.) Besnard et 
al. (2014); (2.) Mlakar et al. (1992); (3.) Bayer et al. 
(2016); (4.) Brasil et al. (2000); (5.) Faria et al. (2016); 
(6.) Miner et al. (2016); (7.) Franca et al. (2016); (8.) 
Cauchemez et al. (2016); (9.) Driggers et al. (2016); 
(10.) Calvet et al. (2016) ; (11.) Yockey et al. (2002).
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Figure 1 – Top 11 most cited articles in the Web of Science™ Global Citation Score (GCS), among the selected set

Discussion

This study has limitations. One is the use of 
a single database, the Web of Science. In view of the 
above, it is important to consider that there are few 
findings in this database that address the correlation 
of the Zika virus and pregnancy in the public health 
context.  

For the 11 most cited journals, Morbidity and 
Mortality Weekly Report and Obstetrics & Gyneco-
logy, have the largest number of publications - nine 
publications each. However, Cell Host & Microbe has 
five publications and 237 citations, which considera-
bly increases its Impact Factor in relation to the topic 
studied, since the amount of citations the journal ob-
tained can serve as an indicator of the relevance of the 
works. 

With regard to the most representative authors 
and institutions on the subject, the most cited authors 
are gathered in only three countries, most notably the 
United States, with 71 publications; a sum of articles 
larger than the other countries combined. Jamieson DJ 
published 15 articles on the subject and Honein MA, 

13 articles. These authors belong to the CDC, based in 
DeKalb County, Georgia. Diamond MS has published 
11 articles and belongs to Washington University, 
both in the United States of America. 

In this list, Brazilian researchers or Brazilians 
linked to Brazilian institutions appear, adding seven 
published articles, pointing to the scarcity of publica-
tions in Brazil on the subject studied in journals in-
dexed by the Web of Science, which indicates a gap 
in the locus representing the knowledge base of that 
country.

The relationship between the articles in Figure 
1 identified the numbers 1(6) and 2(7) considered in the 
literature as “authority articles” or “base articles”, that 
is, the main references for other authors, who also re-
ceive large quantities of quotations. 

In addition to the figure of authority articles, 
there are also the “hub” or “connecting articles”, whi-
ch condense important information from previous 
works, connecting them to more recent ones, as well 
as receiving large amounts of citations, being identi-
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fied by numbers 1(6), 2(7), 7(8), 8(9) and 9(10). 
The first article about the proposed theme was 

evidenced in 2014, study number 1(6), which was con-
sidered authoritative article in the relation shown in 
Figure 1, in the global scope. This study verified the 
outbreak of Zika virus that occurred in 2013 and 
2014, with about 11.0% of the Polynesian popula-
tion contaminated with the virus. This study identi-
fied, diagnosed and described two cases of puerperal 
and their newborns who contracted the Zika virus in 
pregnancy and transmitted the disease via placental 
or during childbirth, recommending specialized care 
for mothers and children, since in this period studies 
were still very limited. Study number 2(7) showed a 
pregnant woman who presented febrile illness with 
eruption at the end of the first trimester and at 29 
weeks’ gestation, microcephaly was diagnosed in the 
fetus after gestational ultrasound. After gestational 
discontinuation, the autopsy of the fetus showed the 
presence of the Zika virus in the brain tissue of the fe-
tus. 

The isolated occurrence of microcephaly does 
not always represent motor or mental changes. Chil-
dren with below-average head circumference (term 
newborns with cephalic perimeter less than 31.9cm 
for boys and less than 31.5cm for girls) may be cogniti-
vely normal, especially if they are of family origin. Ho-
wever, most cases of microcephaly are accompanied 
by motor and cognitive changes that vary according to 
the degree of brain involvement. In general, children 
have a significant delay in neural psychomotor and 
cognitive development, and in some cases, sensory 
functions (hearing and vision) are also compromised. 
Cognitive deficit occurs in about 90.0% of cases(11). 
These isolated occurrences of microcephaly can lead 
to modifications in the structure, functioning and/or 
metabolism of cells in the brain tissue(12).

Study number 7(8) aimed to describe the clini-
cal, anthropometric and survival data of newborns 
from Brazil during the outbreak of Zika virus consi-
dered as suspected cases of congenital virus infection, 
notified to the Ministry of Health in 2016. The inves-

tigations of 1,501 suspected cases, of which 899 were 
discarded. Of the remaining 602 cases, 76 were defini-
te, 54 highly probable, 181 moderately probable, and 
291 somewhat probable Zika virus congenital syndro-
me. Clinical, anthropometric and survival differences 
were small among the four groups. 

The analysis of an outbreak of Zika virus in 
Polynesia from 2013 to 2014 identified eight cases of 
microcephaly and concluded that there was a direct 
relationship with the infection in the first trimester of 
pregnancy, according to study number 8(9).

The follow-up of a pregnant woman infected 
with the Zika virus at the 11th week of gestation was 
presented in study 9(10), showing the evolution of the 
infected fetus and the main brain abnormalities, whi-
ch, throughout pregnancy, were happening. After fetal 
death, the virus was identified in brain tissues. 

It is important to emphasize that the sur-
veillance system should focus on detecting the conge-
nital syndrome of infection and should not focus only 
on the presence of microcephaly or on reporting exan-
thema in pregnancy(13). 

In the hub or connecting article, 3(14) investi-
gated infection of primary human trophoblast, which 
are placental barrier cells, finding that these placenta 
cells are refractory to infection by the virus, and that 
infection occurs because the virus uses alternative 
strategies to cross the placental barrier.

Article 4(15) investigated pregnant women who 
presented symptomatology in the gestational period, 
with or without positive serology, monitoring the fe-
tuses. Among 42 women positive for Zika virus, 12 fe-
tuses had intrauterine death, ventricular calcification 
or other central nervous system abnormalities and 
abnormal volume of amniotic fluid. 

Study 5(16) provided a brief summary of the epi-
demics in Polynesia and Brazil, briefly explaining the 
genetics of the virus and showing that the per capita 
relation is not expressive in other population groups, 
but, it is highly expressive, considered suspect cases in 
pregnant women up to 14 weeks as microcephaly and 
severe malformation.



Rev Rene. 2018;19:e33794.

Analysis of scientific production on Zika virus and pregnancy

7

It is important to clarify that Zika virus infec-
tion is asymptomatic in approximately 80% of infec-
ted persons, affects all age groups and both sexes, and 
is characterized by an acute and self-limiting febrile 
disease, which was not associated with complications 
until reaching the pregnant women(17). 

Study 6(18) show the behavior of Zika virus in 
rats. After crossing and fertilization, the virus was 
introduced into pregnant females, resulting in fetal 
death. The virus was identified within maternal and 
fetal placental trophoblasts, suggesting trans placen-
tal infection and blocking of signaling antibodies in 
pregnant rats.

Study 10(19) aimed to detect and sequence the 
Zika virus genome in amniotic fluid samples from 
two Brazilian pregnant women, whose fetuses were 
diagnosed with microcephaly. As a result, they detec-
ted the genome in the amniotic fluid of both pregnant 
women, and the main result was phylogenetic analy-
sis, showing that the virus shared 97 to 100.0% of its 
genomic identity with lineages isolated during an ou-
tbreak in Polynesia in 2013 and discarded the hypo-
thesis that the Brazilian genome of the virus was a re-
combinant mosquito-transmitted flavivirus strain. In 
this investigation, the reanalysis of the epidemic data 
in French Polynesia (2013-2014) was confirmed to 
identify the virus in fetuses with microcephaly and in 
the amniotic fluid of the mother, confirming the asso-
ciation and estimating a risk of microcephaly of 1.0% 
of children of pregnant women infected with the virus.

According to study 11(20), the introduction of 
Zika virus into the vaginal canal of pregnant mice led 
to high virus replication and severe malformation in 
fetuses, concluding that sexual transmission was con-
firmed.  

Conclusion 

The sources of value on the Zika virus and preg-
nancy recognized through authoring and citation me-
trics were 11 studies out of 355 articles published in 
207 distinct journals indexed in the Web of Science 

written by 2,435 authors who have links to 799 rese-
arch institutions, located in 59 countries. The analysis 
of the studies, according to indicators on the dynamics 
and evolution of scientific and technological informa-
tion, showed that obscure aspects of the natural his-
tory of the Zika virus in pregnant women persist, clini-
cal profile, epidemiological aspects and lack of clarity 
about the existence of cofactors associated with the 
infection.  

Collaborations 

Moura LKB and Cordeiro SMM contributed to 
the design, analysis and interpretation of data. Almei-
da CAPL, Marques MCMP, Araújo TME and Moura MEB 
contributed to the writing of the article, critical review 
of the intellectual content and final approval of the 
version to be published.
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