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“Intensified TB research and innovation” is one of the three pillars of the End TB Strategy. To assess achievements and
gaps in tuberculosis (TB) research productivity in countries and areas of the Western Pacific Region quantitatively, a
bibliometric analysis was carried out by examining trends in the numbers of publications on TB indexed in PubMed
between 2000 and 2019 and by comparing them with trends in publications on other selected major infectious diseases
for the same period. The number of publications on TB in the Region increased by 3.2 times during the period, from 534
in 2000-2004 to 1714 in 2015-2019, as compared with 2.9 times each for HIV, hepatitis and malaria. The number
increased by 46% in 2005-2009, 79% in 2010-2014 and 23% in 2015-2019, as compared with each previous
5-year period. The average annual growth rate between 2000 and 2018 was 8.8%. China accounted for 34.8% of the
total number of publications on TB in the Region. Increases in TB research were observed in most countries and areas
in the Region, particularly in those with a high TB burden. The number of publications on TB remained low, however, in
the Lao People’s Democratic Republic, Mongolia and Pacific island countries. Countries are encouraged to implement the
set of actions proposed in the Global Strategy for TB Research and Innovation to accelerate progress towards ending TB.

uberculosis (TB) remains a major public health

issue globally. In 2018, worldwide, an estimated

10 million people contracted TB and 1.5 million
died from the disease.! Since 2015, the WHO End TB
Strategy has guided national TB responses by providing
principles and essential programme components in
three fundamental pillars.? The Strategy set ambitious
targets for ending TB: reducing the incidence by
90% and deaths by 95% in 2035, as compared with
2015, and eliminating catastrophic costs for TB-
affected households.? To reach these targets, new
tools and strategies must be developed and introduced,
with universal access to and better use of existing
technologies.3 The third pillar of the Strategy, “intensified
research and innovation”, thus promotes intensification
of research on TB at all levels and empowerment of a
strong, self-sustained TB research community in low-
and middle-income countries with high TB burdens.*
The Moscow declaration to end TB (2017) and the
political declaration of the United Nations high-level
meeting on TB (2018) also made bold commitments
for action on TB research and innovation.® In 2020,
WHO Member States adopted the Global Strategy for

TB Research and Innovation for action to meet these
commitments.3

Intensified TB research, unlike routine TB surveil-
lance and programme activities, is difficult to monitor
and evaluate quantitatively. Research varies in type,
end-point and outcome, from basic scientific research to
operational research. Moreover, research is conducted
by the entire scientific community, which includes
academia and research institutions that are not neces-
sarily linked to national TB programmes. Bibliometric
analysis is widely used in the health sciences and public
health®® to measure scientific productivity and to as-
sess trends and patterns in research output.”® Biblio-
metric analyses of research on TB have been reported in
several publications, with various objectives.®~*! Ramos
et al.!% showed increasing research activity in the field
of TB during the period 1997-2006 and reported that
less research was conducted in countries with the
highest estimated numbers of TB cases. Most recently,
Nafade et al.® found that the annual growth rate of TB
publications between 2007 and 2016 was 7.3% glob-
ally, with the highest rate (13.1%) in Brazil, the Russian

@ End TB and Leprosy Unit, World Health Organization Regionc1| Office for the Western Pacific, Manila, Phi|ippines4
b Department of Global Health and Development, London School of Hygiene and Tropical Medicine, London, United Kingdom of Great Britain and Northern Ireland.

Published: 28 December 2020
doi: 10.5365/wpsar.2020.11.3.003

https://ojs.wpro.who.int/

WPSAR Vol 11, No 4, 2020 | doi: 10.5365/wpsar.2020.11.3.003



Intensified research on tuberculosis in the Western Pacific Region, 2000-2019

Federation, India, China and South Africa (BRICS). No
studies are available, however, of regional productivity
of research on TB.

The WHO Western Pacific Region (WPR) consists
of 37 countries and areas, with a total population of 1.9
billion. The Region is diverse, including only one country
with populations of more than 1 billion and small Pacific
island countries with a few thousand residents and also
countries with high and intermediate TB burdens and
others in the pre-elimination stage. The Region ac-
counted for 18% of global TB incidence in 2018.! The
Regional Framework for Action on Implementation of the
End TB Strategy in the Western Pacific 2016-2020,'?
in line with the End TB Strategy, also emphasized the
importance of increasing capacity for research on TB
for the development, uptake and optimum use of new
interventions and proposed actions such as expanding
national TB research networks, developing national TB
research plans and priorities, building capacity for TB
research and increasing TB research funding.

The aims of this analysis were to: (i) examine
regional trends in the numbers of publications on TB
indexed in PubMed in the past two decades; (ii) to
compare the trends with those for other, selected major
infectious diseases; and (iii) to assess intensified TB
research activity in countries and areas in the Region
quantitatively.

METHODS

A bibliometric analysis was performed with the RISmed
package!® in R (CRAN: Comprehensive R Archive
Network at https://cran.r-project.org/), which permits
extraction of bibliographic content from the United
States National Center for Biotechnology Information
databases, including PubMed. We extracted metadata
from scientific publications indexed in PubMed with a
combination of Medical Subject Headings (MeSH) terms
for four major infectious diseases, “Tuberculosis”, “HIV
Infection”, “Hepatitis” and “Malaria”, and the names of
countries and areas in the Western Pacific Region. We
then constructed a regional database of the number of
publications per year during the period 2000-2019 at
13 September 2020. The four diseases were selected
on the basis of the global burden of each as a single
infectious disease!* and regional priorities in “reaching
the unreached”.!> We did not include countries and
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areas for which MeSH terms were not available, which
were Cook Islands, Kiribati, Marshall Islands, Nauru,
Niue, Commonwealth of the Northern Mariana Islands,
Solomon Islands, Tokelau, Tuvalu and Wallis and Fu-
tuna. The numbers of publications from Pacific island
countries and areas were aggregated in the results be-
cause of the small number of publications. Duplicates of
publications were removed from the regional aggregate
counts. In this paper, the numbers of publications from
China excluded those from Hong Kong SAR (China),
Macao SAR (China) and Taiwan (China) as they were
separately-defined geographical MeSH terms.

We examined trends in the numbers of publica-
tions on the four major infectious diseases at regional
level over 5-year periods between 2000 and 2019 and
computed the percentage increase from the level in
2000-2004, growth rates in each 5-year period and
average annual growth rates for the period 2000-2018
(the year 2019 was removed because of the time
required to indexing®®). We further examined trends in
the numbers of publications on TB in countries over the
b-year periods between 2000 and 2019 and computed
the percentage changes from the level in 2000-2004
and average b-year growth rates. The proportions of
publications on TB from China, other regional high-
burden countries and non-high-burden countries were
also investigated for the same periods.

Ethics statements

Ethical clearance was not required as this was an analy-
sis of available published research.

RESULTS

The number of publications indexed in PubMed on the
four major infectious diseases in countries and areas in
the WHO Western Pacific Region has increased by 3.0
times over the past two decades (Fig. 1), from 2609 in
2000-2004 to 7770 in 2015-2019 (Table 1). During
the 5-year periods between 2000 and 2019, articles on
HIV were published most often, followed by publications
on hepatitis, TB and malaria. In the period 2000-2019,
publications on TB accounted for 21% of all publications
on the four diseases in the Region, which was less than
for HIV (36%) and hepatitis (32%) and more than for
malaria (11%) (Fig. 2). The proportion of publications on
TB varied by country and area, from <10% for Papua
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Fig. 1. Numbers of publications on major infectious diseases from the WHO Western Pacific Region indexed in
PubMed over 5-year periods, 2000-2019
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Table 1. Numbers and growth rates of publications from the WHO Western Pacific Region indexed in PubMed
on major infectious diseases over 5-year periods, 2000-2019
P % increase, compared to the Growth rate compared to the
Number of publications 2000-2004 level previous 5-year period Average annual
growth rate for
2000- 2005- 2010- 2015- 2005~ 2010- 2015~ 2005- 2010- 2015- 2000-2018
2004 2009 2014 2019 2009 2014 2019 2009 2014 2019
HIV 881 1644 2557 2691 187%  290%  297%  87% 56% 2% 10.5%
Hepatitis 883 1254 2035 2530  142%  230%  287%  42% 62% 24% 9.1%
Tuberculosis 534 781 1396 1714 146%  261%  321%  46% 79% 23% 8.8%
Malaria 311 369 714 907 119%  230%  292% 19% 93% 27% 15.6%
Total 2609 4048 6702 7770  155%  257%  298%  55% 66% 16% 9.3%

New Guinea and the Lao People’s Democratic Republic
to =30% for Japan, New Zealand, the Philippines and
the Republic of Korea, excluding Brunei Darussalam and
Macao SAR (China), which had fewer than 10 publica-
tions (Fig. 2).

The number of publications on TB from the Region
increased by 3.2 times, from 534 in 2000-2004 to
1714 in 2015-2019 (2.9 times each for HIV, hepatitis
and malaria). Table 1 shows the growth rate in the
number of publications on TB in the Region increased
by 46% in 2005-2009, 79% in 2010-2014 and 23%
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in 2015-2019 compared to the previous 5-year period.
The average annual growth rate in the number of publi-
cations on TB between 2000 and 2018 was 8.8%.

Between 2000 and 2019, there were 4425 publi-
cations on TB in the Region (Table 2). China accounted
for the largest proportion (34.8%), followed by Japan
(15.5%), Taiwan (China) (10.7%), the Republic of Korea
(7.5%), Australia (6.5%) and Viet Nam (5.5%). These
six countries and areas accounted for >80% of all pub-
lications on TB in the Region; Pacific island countries
accounted for only 1%. The number of publications on
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Fig. 2.
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PICs, Pacific island countries; PDR, People’s Democratic Republic; SAR, Special Administrative Region; WPR, Western Pacific Region.

Table 2. Numbers of publications on TB from countries and areas in the Western Pacific Region indexed in
PubMed over 5-year periods, 2000-2019
Number of publications % change from G':(;”t‘:’he;?‘te
Country and area 2000-2004t0  5410"5014 and
2000-2004  2005-2009  2010-2014  2015-2019  Total (N/%) 2015-2019 2015-2019

Australia 46 57 94 91 288 (6.5%) 198% -3%

Brunei Darussalam 0 4 0 0 4(0.1%) N/A N/A

Cambodia 14 28 44 31 117 (2.6%) 221% -30%
China 94 189 477 782 1542 (34.8%) 832% 64%
China, Hong Kong SAR 42 43 29 23 137 (3.1%) 55% -21%
China, Macao SAR 0 1 0 1 2 (0.05%) N/A N/A

China, Taiwan 41 99 177 157 474 (10.7%) 383% -11%
Japan 166 174 195 153 688 (15.5%) 92% -22%
Lao PDR 2 8 8 6 19 (0.4%) 300% -25%
Malaysia 18 20 27 28 93 (2.1%) 156% 4%

Mongolia 2 7 4 9 22 (0.5%) 450% 125%
New Zealand 25 41 50 36 152 (3.4%) 144% -28%
Papua New Guinea 0 7 18 22 47 (1.1%) N/A 22%
Philippines 24 24 39 50 137 (3.1%) 208% 28%
Republic of Korea 0 13 123 198 334 (7.5%) N/A 61%
Singapore 18 16 18 25 77 (1.7%) 139% 39%
Viet Nam 38 58 70 84 245 (5.5%) 221% 20%
Pacific island countries 4 2 23 18 47 (1.1%) 450% -22%
Western Pacific Region 534 781 1396 1714 4425 (100%) 321% 23%

PDR, People’s Democratic Republic; SAR, Special Administrative Region.

N/A = not applicable
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Fig. 3.
PubMed over 5-year periods, 2000-2019
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TB has tended to increase in most countries and areas in
the Region in the past two decades, including in Cambo-
dia, Papua New Guinea, the Philippines and Viet Nam,
with the highest percentage increase in China (832%)
(Fig. 3). The number of publications on TB over the
b-year periods remained at <10 in the Lao People’s
Democratic Republic and Mongolia, although increasing
trends are observed. The percentage of publications on
TB from China out of the total number from the Re-
gion increased from 17.6% in 2000-2004 to 45.6%
in 2015-2019, while those of other high-TB burden
countries and of other countries have shrunk (Fig. 4).

https://ojs.wpro.who.int/

DISCUSSION

Our analysis demonstrates increasing research on the
four major infectious diseases, including TB, in the
Western Pacific Region over the past two decades. The
importance of intensifying research has been stressed
in global and regional strategies, not only for TB%'2 but
also for other communicable disease programmes, in-
cluding HIV,'7 hepatitis'® and malaria.'® It is anticipated
that increasing trends in the number of publications
reflect accelerated research and innovations to better
control and eliminate the diseases.
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Fig. 4.

Proportions of publications on TB from China, other high-burden countries and non-high-burden coun-

tries/areas in the Western Pacific Region indexed in PubMed over 5-year periods, 2000-2019
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Other HBCs: Cambodia, the Lao People’s Democratic Republic, Mongolia, Papua New Guinea, the Philippines, Viet Nam.

Non-HBCs: Other countries and areas included in the analysis.

After 2015, when the End TB Strategy was intro-
duced, the 5-year trend in the number of publications
on TB continued to grow, demonstrating successful
implementation of the third pillar of the Strategy in the
Region. The increasing trends observed in low- and
middle-income countries with high burdens of TB, such
as Cambodia, China, Papua New Guinea, the Philippines
and Viet Nam, may be considered to reflect empowered
research communities and enhanced research col-
laboration on TB in these countries. The annual regional
growth rate in the number of publications on TB in
2000-2018 was 8.8%, which was slightly higher than
the global annual growth rate of 7.3% for 2006-2017.°

Government commitment and leadership play
pivotal roles in advancing research and innovation for
TB, and increasing financial investments is critical. Our
analysis showed that China’s contribution to regional
TB research productivity was remarkable, especially
in 2015-2019. China’'s National TB Strategic Plan
2016-2020 emphasizes the importance of intensified
national research and development on TB prevention
and care and of promoting international cooperation.?®
Accordingly, the national annual budget allocated for
research and surveys on TB in China increased dra-
matically between 2015 and 2019, by six times, from
US$ 5.7 million to US$ 34.3 million.2! This may be
one reason for the substantial increase in the number of
publications, with rapid economic development enhanc-
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ing domestic research capacity.>?? Ongoing initiatives
to intensify collaboration in research on TB within the
BRICS TB Research Network?® may accelerate this
trend in coming years.

Developing national TB research agendas and
strategic plans and establishing national TB research
networks creates an environment for high-quality TB re-
search and innovation.®!? In Viet Nam, where the num-
ber of publications on TB has increased continuously
over the past two decades, the national TB research
agenda is explicitly defined in the National TB Strategic
Plan 2015-2020.2* Furthermore, in 2015, the Ministry
of Health formed the Viet Nam Integrated Centre for
TB and Lung Disease Research (VICTORY) under the
management of the National Lung Hospital and National
Tuberculosis Programme, to lead in implementing and
coordinating research on TB and other lung diseases
and to establish a research network.!?25 This has fos-
tered collaboration on TB research within and outside
the country and also led to institutionalized research
within programmes to ensure that research outputs
inform policy and practice and improve programme
performance.?5:26

Effective bilateral and multilateral North—-South
and South-South collaborations among researchers and
research institutions in high- and in low- and middle-
income countries are essential to promote relevant
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research and to cross-fertilize research capacity.?
Several TB research networks are active in the WHO
Western Pacific Region, including the Centre for Re-
search Excellence in Tuberculosis Control in Australia®’
and the Asian Tuberculosis Research and Clinical Trials
Integrated Organizational Network among members of
the Asia—Pacific Economic Cooperation.?® National TB
research institutions, such as the Research Institute of
Tuberculosis in Japan and the Korean Institute of Tu-
berculosis in Republic of Korea, have long contributed
to international research on TB and to capacity-building
in the Region. Molton et al.,?° however, reported less
intra-Asian TB research collaboration than in other
regions, which they considered a missed opportunity
to optimize regional research funding, capacity-building
and a region-specific research agenda. Further enhance-
ment of TB research collaboration is desirable in the
Region, building on existing networks and initiatives.

Although there is increasing TB research collabora-
tion and productivity in the Region, our analysis indicates
that the output remains relatively low in several coun-
tries with higher burdens of TB such as Lao People’s
Democratic Republic and Mongolia as well as in Pacific
island countries, where TB incidence per capita can
be high. Operational, implementation, health system
and social science research on TB to generate context-
specific evidence to improve programme performance3
could be prioritized in those countries, coordinated by
national programmes, to gain the immediate benefits of
research.

Our study has several limitations. First, we included
publications only from the PubMed database and only
those found with MeSH terms for both diseases and
country names. We thus excluded relevant publications
in other databases or not indexed as MeSH terms,
regional publications from Asia and Oceania with no
country-specific indexing and several Pacific island
countries for which MeSH terms were not available.
Second, the time required for indexing might have
affected the completeness of indexing, especially for
2019, although we ensured that sufficient time (257
days) had elapsed between the end date of 2019 and
the date of data extraction. These limitations may have
resulted in an underestimate of the number of publica-
tions. Lastly, we did not investigate regional trends and
patterns by research type and programmatic areas in
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published articles, which could reveal gaps in evidence
for the regional TB response. This was beyond the
scope of the present analysis but should be addressed
in future studies.

Despite these limitations, the results of our biblio-
metric analysis indicate contemporary trends in TB re-
search productivity in countries and areas in the Region
and highlight achievements and gaps in implementing
the third pillar of the End TB Strategy. Countries are
encouraged to implement the actions proposed in the
Global Strategy for TB Research and Innovation to
accelerate progress towards ending TB.2> The WHO
Regional Office for the Western Pacific will continue to
play a catalytic role in fostering regional TB research
collaboration and providing technical assistance to build
research capacity in national TB programmes in the
Region.
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