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Abstract

Tremendous progress has been made over the past three decades in the fight against the HIV epidemic; how-
ever, children experienced substantial physical and psychosocial effects of HIV infection. To inform services
and policy development, we analyzed research growth and current trends in studies on children with HIV/IAIDS.
A total of 17598 research papers and reviews in English, which were published on Web of Science, were
downloaded. VOSviewer was used to generate an author keyword cooccurrence network and a network il-
lustrating the connection among countries by shared coauthorships. Exploratory factor analysis was employed
to identify research domains emerging from the abstracts’ contents. The number of papers and their impacts
had grown significantly in the past decade. The majority of study settings were in African countries. Research
topics related to HIV in children were robust in areas of prevention of mother-to-child transmission and HIV
and comorbidities treatments. Although psychosocial and behavioral disorders were recognized in previous
studies, the number of interventions in these fields is still limited or not sustained. This study presents the
global research trends and interests, points out research gaps of available publications and suggests several
implications for services and intervention programs for children infected with HIV/AIDS. While preventions of
mother-to-child transmission have been extensively studied, more efforts should be made to fulfill the lack of
research on young people who are at risk of being infected or who are already infected with HIV. System

thinking approach is needed in the design and implementation of future studies. (AIDS Rev. 2020;22:43-43)
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|ntroduction

HIV has become one of the major global health bur-
dens. Until 2017, the total number of people living with
HIV/AIDS (PLWH) worldwide was nearly 37 million, with
about 1.8 million new infections and 940,000 deaths’.
Among them, 3.0 million are estimated to be children
and adolescents?. According to the World Health Orga-
nization (WHO), children are generally defined as peo-
ple that are under the age of 19. In particular, a person
who is between 10 and 19 years old is called an ado-
lescent, while an infant is a child less than 1-year-old®.

Due to underdeveloped immune systems, children
living with HIV are more susceptible to various infec-
tions and particularly vulnerable to many diseases*®. In
HIV-infected children, the frequency of childhood ma-
lignancies is approximately 100 times higher compared
to healthy children®. Kaposi sarcoma is among the most
common types of cancer among HIV-positive individu-
als, with the prevalence in HIV-infected children being
30-fold higher than uninfected ones®. Another illness
that widely presents among children living with HIV,
especially in low- and middle-income (LMIC) countries,
is tuberculosis’. By suppressing the immune respons-
es, HIV infection increases susceptibility to Mycobac-
terium tuberculosis and thus, accelerates the progres-
sion of tuberculous infection®?. In 2015, tuberculosis
was responsible for each 1 in 3 deaths associated with
HIV'C. In addition, children infected with HIV have also
been reported to be at higher risk of acute stroke, which
results in the death of one-third of patients within
6 months and makes another third permanently depend
on the help of caregivers'™'3. On the other hand, al-
though antiretroviral therapy (ART) might ameliorate the
additional sicknesses and improves health conditions
of PLWH, children treated with combination ART (cART)
showed poorer neurocognitive performance and higher
rates of behavioral problems, developmental interrup-
tion, and motor deficits'*"”. The introduction of this
medication regimen leads to reduced neurodevelop-
ment among infants and young children'.

In addition to a higher risk of disease morbidity and
mortality, children with HIV infection are also facing
many social problems. The majority of HIV infections
among children are directly transmitted from mothers,
and thus, at least one parent is also living with HIV/
AIDS'®. As a consequence of parental illness, which
leads to lower average family income, and the children’s
poor health, these children receive limited educational
opportunities. Furthermore, they are usually facing so-
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cial stigma and discrimination, especially in LMIC. This
situation results in the communities’ hesitancy of dis-
cussing and providing counseling for these children’.
Thus, children living with HIV/AIDS have minimal under-
standing of how to protect themselves from opportunis-
tic infection and maintain viral suppression.

Therefore, the number of interventions and health
services for children affected by HIV is rapidly increas-
ing. In recent years, there has been more research
examining interventions and mitigation programs for
this specific population. Tassiopoulos et al. investigated
the sexual behaviors, especially engagement in unpro-
tected sexual intercourse, as well as the extent of dis-
closure to sexual partners of HIV-status among adoles-
cents with perinatal HIV infection, and thus, identified
potential approaches to lower the risk of transmission®.
In 2016, a systematic review by Ambia et al. scrutinized
and assessed the effects of different types of interven-
tions and efforts in improving the prevention of mother-
to-child transmission (PMTCT)%. Meanwhile, diagnosis
and early treatment in HIV-positive infants, along with
recommendations for pediatric cART, available medica-
tions and recent pharmacokinetic concerns in children
were summarized by Beghin et al.?" Nevertheless, cur-
rent studies are more likely to focus on particular is-
sues, and to the best of our knowledge, there is cur-
rently no study using a bibliometric approach to
quantitatively and qualitatively examine the extant lit-
erature of services for children infected with HIV.

To demonstrate the global research trends as well
as identify the research gaps in services and mitigation
programs for children affected by HIV/AIDS, we applied
bibliometric and content analysis, which objectively
evaluates the productivity and research landscapes
contributed by global scientists or institutions in this
field??. In addition, this study also aimed at reporting
the trend of published articles overtime and measured
international growth based on databases of published
literature. By pointing out current trends as well as
presenting a visual collaborating network of the studies
on this research topic, we can effectively examine the
development, productivity, and effectiveness of current
interventions for children living with HIV and thus, bet-
ter inform researchers and physicians worldwide.

Methods
Search strategy

A bibliometric study of extant HIV/AIDS literature
available on the Web of Science (WOS) database was
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designed. Components of the search query were:
“HIV,” “AIDS,” and “children.” Only research papers
and reviews were selected. We restricted the language
to English and publications dated until 2017 since
the study was performed in 2018. We also narrowed
the search to papers with the mention of children in the
titles and/or abstracts.

Data extraction

Data downloaded from WOS were names of authors,
institutional affiliations, the papers’ title, journals’ name,
authors’ keywords, total citations, subject categories,
and abstracts. First, the articles were sorted by the
number of citations. Citation reports generated by
WOS were also downloaded. Since the name of one
author may appear in different forms, a process of
standardization was implemented by two researchers.
All the downloaded data were filtered to select only
original articles and reviews, written in English about
HIV/AIDS among children. Four researchers worked
collaboratively to thoroughly filter data, to ensure that
results could be replicated.

Data analysis

We analyzed general characteristics and keywords,
citations, usages, and abstracts of the downloaded
data. Once the data were downloaded and extracted,
macro, which is a programming code on Excel environ-
ment to calculate a country citation and national and
international collaboration. We utilized VOSviewer
(Center for Science and Technology, Leiden Universi-
ty) to generate an author keyword cooccurrence net-
work and a network illustrating the connection among
countries by shared coauthorships. Exploratory factor
analysis was employed to identify research domains
emerging from the abstracts’ contents.

Results

Number of published items and
publication trend

Among 250,270 HIV/AIDS-related articles in 153 re-
search topics, this study focused on 17,598 papers
containing the term “children” or “child” in the titles
and/or abstracts.

Table 1 indicates the number of papers and the
impact on citations and downloads each year. We
found that these indicators increased gradually

throughout the research period and remained stable
from 2011 to 2017.

International coauthorship

The global network between 184 countries coauthor-
ing selected papers is presented in figure 1. There are
eight different clusters of at least five countries, which
were classified based on the level of inter-country col-
laborations. The green cluster indicates that the col-
laborations in research on children and HIV/AIDS were
mostly established between leading countries in
HIV/AIDS research, such as the US, the UK, and some
European countries, and those countries experiencing
the hardest hit of HIV epidemics in Africa and/or with
generalized epidemics. Since Africa has been globally
recognized as the home to the HIV epidemic, there is
no surprise that the majority of 184 nations having
coauthorships in the field of HIV/AIDS among children
were African countries.

Most frequent keywords and research
domains

Figure 2 displays the major components of groups
of terms that appeared most frequently. A total of 464
most common keywords cooccurring at least 50 times
were divided into four main clusters. Cluster 1 (green)
focuses on HIV infections along with several HIV-relat-
ed diseases such as diarrhea, tuberculosis, and can-
cer. Cluster 2 (red) refers to studies on knowledge and
behaviors of particular subjects, including women,
adolescents, orphans, drug users, and attitudes of
other people toward these subjects in several African
countries. Cluster 3 (blue) shows various medications
for HIV and associated issues, whereas Cluster 4 (yel-
low) reveals the PMTCT.

Utilizing the abstracts, exploratory factor analysis
identified the top 50 research domains, along with their
keywords, which are listed in table 2. Women during
pregnancy, antiretroviral, clinical disease, and trans-
mission from mother attracted the highest interest, con-
tributing from 36.8% to 47.5% of total cases. Besides
medication and clinical topics, there have been several
emerging topics describing the psychosocial aspects
(stigma, mental health, and early life) and contextual
factors (family, rural community, developing countries,
and South Africa).

In addition, the cooccurrence of most common re-
search topics was also identified by exploratory factor
analysis (Fig. 3). Pink nodes, which formed the biggest
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Table 1. General characteristics of publications

Year Total Total Mean cite Total usage Total usage Mean use Mean use
published number citations rate per past past 5 years? rate past rate past
of papers year' 6 months? 6 months?® 5 years*
2017 1263 1728 1.37 1766 4511 1.40 0.71
2016 1253 6754 2.70 1022 8057 0.82 1.29
2015 1266 10,591 2.79 863 10,267 0.68 1.62
2014 1252 14,299 2.86 580 10,525 0.46 1.68
2013 1126 14,380 2.55 376 9903 0.33 1.76
2012 1157 22,285 3.21 353 9039 0.31 1.56
2011 1022 19,937 2.79 292 6177 0.29 1.21
2010 988 24,126 3.05 229 4922 0.23 1.00
2009 858 20,574 2.66 214 3754 0.25 0.88
2008 780 19,089 2.45 153 2700 0.20 0.69
2007 753 24,482 2.96 241 3372 0.32 0.90
2006 646 29,322 3.78 218 4067 0.34 1.26
2005 500 17,259 2.66 129 1600 0.26 0.64
2004 461 18,411 2.85 102 1734 0.22 0.75
2003 402 16,236 2.69 100 1348 0.25 0.67
2002 372 13,699 2.30 76 1085 0.20 0.58
2001 395 14,679 2.19 81 1017 0.21 0.51
2000 433 18,791 2.41 75 1135 0.17 0.52
1999 382 15,966 2.20 51 881 0.13 0.46
1998 371 12,476 1.68 42 583 0.11 0.31
1997 395 11,854 1.43 70 635 0.18 0.32
1996 350 11,375 1.48 29 414 0.08 0.24
1995 293 11,893 1.76 22 376 0.08 0.26
1994 282 12,275 1.81 29 430 0.10 0.30
1993 238 8475 1.42 21 254 0.09 0.21
1992 205 8671 1.63 25 274 0.12 0.27
1991 144 6138 1.58 15 140 0.10 0.19
1990 11 242 0.79 0 32 0.00 0.58

"Mean cite rate per year: total citations/[total citations*(2018-that year)]; *total usage: total downloads, *mean use rate last 6 months: total usage past 6 monthsjtotal
number of papers, “mean use rate past 5 years: total usage past 5 years/(total number of papers*5).
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Figure 1. The global networking of 184 countries having coauthorships in human immunodeficiency virus/acquired immune deficiency
syndrome among children. The size of nodes is proportional to countries’ contribution to the number of articles, and the thickness of lines
represents the percentage of total collaboration. Each color indicates a level of international coauthorship.

Figure 2. Cooccurrence of most frequent author’s keywords. The colors of the nodes refer to principal components of data structure; the
nodes size was scaled to the keywords’ occurrences; the thickness of the lines was drawn based on the strength of the association between
two keywords.
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Table 2. Top 50 research domains emerged from exploratory factor analysis of contents of all abstracts

Name Keywords Eigenvalue Freq. % Cases

Women during Pregnancy; Pregnancy; pregnant; women; delivery; maternal; 4.5 23963 47.5

Pregnant postpartum; mother; transmission; antenatal; birth

Antiretroviral Antiretroviral; therapy; HAART; receiving; initiation; 3.8 16619 46.1
treatment

Clinical Disease Disease; progression; stage; clinical 1.5 9516 38.9

Transmission from Mother Mother; Pmtct; transmission; prevention; Mtct 1.3 13336 36.8

Born to Mothers; Infant Born; mothers; infants; birth; uninfected; infant; 1.8 13326 36.8
seropositive; maternal

Risk Factors Factors; risk 1.2 8153 36.7

Treatment Guidelines Guidelines; management; pediatric; treatment 1.2 7750 35.4

Families; Orphans Families; orphans; affected; parents; family; 2.7 10083 319
caregivers; social; support; school

Care Services Services; care; service; access; policy 10.0 8503 314

Adult; Adults Adult; adults; population 1.4 6527 30.3

Respiratory; Severe Acute Respiratory; acute; pneumonia; severe; common; 1.8 7661 30.2
infections

Relationship; Analyses Relationship; analyses; examined; sample; 1.5 7156 30.1
association; models

Human Immunodeficiency Human; immunodeficiency; type 21 9800 30.0

Specific Responses; Immune Responses; immune; response; cells; Specific; I 14 7420 29.6

Cells

Control; Healthy Controls; control; healthy; groups; differences 16 6822 28.8

Case Cases; diagnosed; diagnosis; case 13 6717 27.7

Criteria; Review Evidence Criteria; evidence; review; quality; trials 14 6090 26.1

Diseases; National Diseases; national; information; system 1.3 5393 255

Developing Countries Countries; developing; developed; world 1.3 6088 24.6

Test; Tests Test; tests; testing; tested 1.5 6075 245

Drug Resistance Resistance; mutations; drug; line; failure; 1.7 6610 23.3
regimens; regimen

Stigma and Disclosure; Disclosure; stigma; interviews; adherence; 1.4 5978 229

Interviews support; caregivers

Sex Sexual; abuse; sex; violence; men; partners; 3.2 7888 229
physical; partner

Dna Pcr; Blood Samples Pcr; dna; samples; detected; blood 2.0 5324 20.4

Early Life Life; early 1.4 3967 20.0

Mortality Mortality; death; deaths; survival 3.0 4986 19.8

South Africa Africa; South; Saharan 1.8 5628 18.5

Exposure; Exposed Uninfected Exposure; exposed; uninfected 1.2 3947 17.3

Viral Load Load; viral; plasma 2.3 4690 17.1

(Continues)
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Table 2. Top 50 research domains emerged from exploratory factor analysis of contents of all abstracts (Continued)

Name Keywords Eigenvalue Freq. % Cases
Mental; Symptoms of Mental; depression; problems; physical; abuse; 2.0 4307 16.7
Depression symptoms

Cells Count Count; cells; counts 1.2 3763 15.9
Rural Community Rural; urban; community 1.3 3259 14.9
Cost-Effective Cost; effectiveness; effective 15 3174 14.4
History History; childhood 1.3 2780 14.3
Couples; Partner Couples; partner; partners; reproductive; men 1.3 3666 14.0
Mortality and Morbidity Morbidity; mortality; vitamin 1.4 3251 13.9
Breast Milk; Infant Feeding Breast; milk; feeding; breastfeeding; infant 2.1 3991 13.7
Female Female; male; gender 1.3 2911 12.9
Cross-Sectional Sectional; cross; survey 2.2 3979 12.9
Antibodies; Serum Antibodies; serum; antibody; anti 1.2 2936 12.2
Antibody

Outcome Measures Outcome; measures 1.2 2385 11.6
Dose Nevirapine Nevirapine; Nvp; single; dose 2.3 2911 113
Weight Growth Weight; growth; scores 1.6 2365 10.6
Adverse Events Adverse; events; trials 1.9 2245 9.9
Vaccine Vaccine; vaccination; measles; antibody 2.4 2431 9.6
Adolescent; Adolescents Adolescent; adolescents; youth 1.7 2157 9.5
Syndrome Syndrome; acquired 1.3 2132 8.9
Tuberculosis Tuberculosis; Tb 2.4 2109 8.4
Antenatal Care (Anc) Anc; antenatal 1.3 1166 5.6
Hepatitis, (Hcv) Hepatitis; Hev; Hbv 1.9 1108 4.0

cluster, include a wide range of topics. Intervention,
diagnosis, and treatment, global programs, and policy,
illnesses associated with HIV and PMTCT, for instance,
are the major concerns. Mother-to-child transmission
routes are also specified in grey nodes. The red cluster
focuses on different social problems, such as sex, vio-
lence, depression, stigma, abuse, as well as social
education, and support in either urban or rural com-
munities. Nodes in purple indicate issues related to HIV
treatment, as opposed to brown ones, mention blood,
and DNA testing.

The most referred papers regarding interventions on
children and HIV/AIDS are shown in Supplemental 1.
The scopes of these papers included the clinical per-
formance of PMTCT and HIV testing services, sexual
behaviors, and diseases prevention, involving health

services providers, parents, and family, community,
and mass media.

Discussion

In this study, we have systematically quantified the
development of research landscapes associated with
children and HIV/AIDS in the past 30 years. Although
we observed a stable number of publications in recent
years, the research topics have been relatively expand-
ed. The research landscapes, constructed by inter-
disciplinary approaches, enriched our understanding of
PMTCT, HIV infections, and other HIV-related diseases
as well as psychosocial consequences among children;
vulnerabilities of specific target populations; and avail-
ability and effectiveness of multi-level interventions.
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Figure 3. Co-occurrence of most frequent topics emerged from exploratory factor analysis of abstracts contents.

In terms of intervention and research interest, the
area and research domain receiving most attention
was mother-to-child transmission (Table 2). Mother-to-
child transmission, or vertical transmission, of HIV, is
known as the transmission from an HIV-infected wom-
an to the infant during pregnancy (intrauterine), labor
and delivery (intrapartum), and through breastfeeding
(postpartum)?®. The WHO proposed a comprehensive
framework for vertical transmission including four com-
ponents: (1) preventing women in reproductive age
from acquiring HIV; (2) preventing women living with
HIV from having unplanned pregnancy; (3) preventing
HIV transmission from infected women to the newborn;
and (4) providing mothers living with HIV and their
children with appropriate care and treatment®*. As a
result of scaled-up efforts in preventing mother-to-child
transmission, since 2000, new HIV infections in chil-
dren have declined by 58%2. A remarkable 93% of
about 940,000 pregnant women who were HIV-positive
in eastern and southern regions of Africa were pro-
vided with antiretroviral prophylaxis in 2017, resulting
in < 10% rate of mother-to-child transmission, the low-
est in the world®3%, The “treat all” approach offers
immediate treatment to all diagnosed with HIV, which
has increased the number of women of reproductive
age who are receiving ART?%%". Nevertheless, current
interventions mainly focused on the provision of health-
care services as well as intrauterine and postpartum
prevention for women that have already been HIV-
positive, suggesting the need greater emphasis on
prevention of HIV for pregnant and lactating women
(Fig. 3, Supplemental 1).

Meanwhile, from 2005 to 2016, there was a rise of
30% in the number of adolescents living with HIV,
and adolescent deaths caused by HIV have tripled
since 2000, which was also the only age group to
have witnessed an increase. In 2016, approximately
2.1 million young people were living with HIV, with
260,000 new infections and 55,000 juveniles aged
10-19 dying of health problems associated with HIV/
AIDS?. HIV/AIDS is responsible for the majority of
deaths among young people in Africa and currently
the second leading cause of deaths among adoles-
cents worldwide?. In spite of the fact that a substan-
tial number of adolescents are now facing the threats
posed by HIV, this population ranked #46 in the top
50 research domains (Table 2) and there were only
4 out of 50 top-cited publications (papers 3, 16, 17,
and 33) particularly targeting adolescents (Supple-
mental 1). Furthermore, it is notable that there was
no paper mentioning education for this population as
a preventive strategy. Due to the considerable gaps
of data and knowledge about HIV among this popula-
tion, intervention, and prevention for HIV infection
among young individuals are now meeting many dif-
ficulties, as opposed to PMTCT, which has achieved
remarkable success®. Nonetheless, as barriers to
HIV diagnosis in youth included lack of sex educa-
tion, stigma, social isolation, and other psychosocial
factors®!, a “combination social protection” program
with both monetary and psychosocial interventions
such as free education, school feeding, support from
teacher, and parental guidance would more effective
than any single intervention in reducing HIV-risk be-
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havior incidence in adolescents, as reported in a
study in South Africa®. Although psychosocial and
behavioral disorders were recognized in previous
studies, the number of interventions in these fields is
still limited or not sustained.

There are several key findings of this study. First,
pre-exposure prophylaxis (PrEP), which is the pre-
vention of HIV acquisition using antiretroviral medi-
cations, should be provided for both women in child-
bearing age and pregnant women since biological
evidence has shown that HIV susceptibility is in-
creased during pregnancy333¢. |t was also reported
that HIV acquisition in these periods resulted in odds
of perinatal transmissions 15-fold higher than chron-
ic HIV infection®” and was responsible for nearly 10%
of total cases®. In Zimbabwe, breastfed infants of
women with incident HIV infection were found to
have a higher risk of being vertically transmitted
compared to offspring of chronic, or untreated HIV-
infected mothers®. On the other hand, despite being
proven to reduce the risk of MTCT and increase
survival rate, avoidance of breastfeeding in regions
with limited access to nutritionally adequate and safe
substitutes for breast milk continues to put infants of
HIV-positive mothers at high risk of increased risk of
HIV infection“®#!. Nevertheless, a large number of
PrEP users, including young women and adoles-
cents, were reported to resume riskier sexual behav-
iors, which has increased the chance of acquiring
HIV42. Therefore, to reduce the risk of unsafe sexual
practices and optimize the PrEP usage in those en-
gaged in risky exposures, proper information and
education about the risks of unprotected relation-
ships with multiple sexual partners must be empha-
sized*®. The benefits of abstinence and deferring sex
to marriage should also be part of public health
strategies for stopping HIV and other STls among
young people. In addition, as there exists a lack of
thorough understanding about characteristics of
adolescents being at risk or living with HIV/AIDS,
more studies on this population should be conduct-
ed, which might help physicians, epidemiologists,
and policymakers develop more age-specific and
appropriate interventions and health services. Fur-
thermore, our study found that the collaborations in
research on children and HIV/AIDS were mostly es-
tablished between the US, UK, and some European
countries that have dominated research in HIV/AIDS.
There is emerging research from countries in Africa
which have borne the brunt of the AIDS epidemics,
but the production of research is dependent on fund-

ing. A greater effort to support research in the coun-
tries of Africa where most of the children with HIV
reside will propel the fight against AIDS in a more
productive manner.

In this study, we introduced an efficient approach in
analyzing the extant literature; however, there exist
some limitations. First, we only included data from the
WOS database. Even though a fairly large proportion
of HIV/AIDS-related publications are available on WOS,
it is difficult to assure that they are fully representative
of the entire literature. Another limitation that should be
acknowledged is that the language of selected papers
was restricted to English. Besides, instead of analyzing
full texts, the content analysis involved solely of ab-
stracts. Nevertheless, this modified bibliometric analy-
sis offers a comprehensive overview of current research
trends, as well as identifies current gaps in literature of
HIV/AIDS among children and young people.

Conclusions

By combining bibliometric and text mining ap-
proach, this study presented the global research
trends and interests, pointed out the research gaps of
available publications, and suggested several implica-
tions for services and mitigation programs for children
affected by HIV/AIDS. While preventions of mother-to-
child HIV transmission have been extensively studied
and developed, more efforts should be made to fulfill
the lack of research on young people that are at risk
of being infected or already infected with HIV.
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