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Executive Summary

Infectious respiratory diseases have threatened our lives and had a
global impact on our health and our economy for decades. In particular,
Tuberculosis (TB) is a threat to global health; it was one of the top 10 causes of
death worldwide in 2019, according to the World Health Organization (WHO). TB
eradication has been widely discussed as global health issue to be resolved, from
the viewpoint of human security. Based on WHO End TB Strategy 2015, an
international strategy framework has been set for holistically combating TB
through intensified TB research and innovation in the development of new
technologies at the national and global levels. Even though multiple sectors have
engaged in innovative approaches toward more appropriate medical and
programmatic health care services, due to inadequate research information
sharing there are knowledge gaps between policymakers and researchers. The
evaluation of research efforts, health research trends, and priorities must reflect
previous research contributions to the achievement of national and global TB
strategic goals.

In Japan, a health care system for respiratory tract infections, including

TB, has been developed in a multifaceted and systematic way so as to provide

viil



people with easy access to medical care and treatment for the prevention and

control of TB. Nevertheless, in low and middle-income countries (LMICs), TB

control is ineffective due to inadequate health care development and insufficient

systems; there has been only limited reduction in TB morbidity and mortality. On

the other hand, the situation in high-income countries such as Japan has been

improved thanks to medical science progress and ongoing strengthening of the

health care system—although comprehensive evaluation of global health policy

in terms of TB control by means of Japanese research in LMICs has not been

sufficiently evaluated.

Therefore, international health research, development, and assistance

related to LMIC issues ranging from global health-related to respiratory tract

infections are essential for human security. For that reason, it is essential to

achieve a full understanding of the needed level of effectiveness, through

evaluation studies that can support global health policy formulation. Under those

circumstances, it is indispensable to conduct quantitative analysis evaluation

studies to determine the effectiveness of TB control in health for LMICs. For

example, in 2021, Nepal was a high TB burden country, with an increasing

prevalence of cases. We choose Nepal as the target country of this study

X



because of the increase in the number of Nepalese students and laborers in

Japan since 2010. To fill a perceived evaluation analysis methodology gap, the

study reported in this dissertation conducted evidence-based evaluations of TB

controls to confirm the validity of the results and develop a policy evaluation

method to support the formulation of policy recommendations.

We first evaluated the contributions of scientific research to global health

achievements aimed at the elimination of TB by identifying major trends in

Japan’s scientific research development, as evidenced by published articles.

Then, we conducted topic modeling to generate a probability distribution of topics

influenced by academic text documents on TB research in the pre-proceeded

dataset for the period 1999-2019. In-depth analysis for the learning of latent

topics was conducted using Latent Dirichlet Allocation (LDA) modeling using the

Python library Gensim. In addition, we categorized the results of the analysis into

five spectra of TB research for each affiliated country in terms of intensified

research and innovation toward the implementation of the END TB Strategy. We

found that Japan had the highest proportion of clinical studies and medical trials

as case reports in the fields studied. At the same time, the contribution of Japan

to reciprocal linkage with social factors affecting wider health systems and



dynamics among policy effectiveness was extremely low. We conducted policy

effectiveness evaluation, evaluating the reciprocal relationship between social

factors, to identify weaknesses in Japan’s TB research engagement. Gaining an

understanding the priorities and contributions of pulmonary tuberculosis research

in Japan by means of international comparisons will help guide decision-making

toward the implementation of future medical and health policies.

Secondly, we applied multilevel logistic regression to examine the

association between demographic and socioeconomic factors and TB awareness,

using data from the Nepal Demographic and Health Survey (June 2016 to

January 2017). The results showed a high level of TB awareness in all seven

provinces of Nepal. Importantly, socioeconomic factors such as wealth, education,

and owning a mobile phone were found to be significantly associated with TB

awareness—and socioeconomic determinants were found to be influential factors

associated with TB awareness in Nepal. The wide variation in the level of

awareness at the regional level emphasizes the importance of formulating

tailored strategies for the raising of TB awareness. For instance, mobile phones

promise to be an effective strategy for the promotion of TB awareness at a

regional level. This study provides valuable evidence to support further research
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on the contribution of information and communication technology (ICT) usage to

the raising of TB awareness in Nepal.

Thirdly, we conducted cost-benefit analysis of data sourced from the

Nepal Demographic and Health Survey and Japan’s Legal Affairs Bureau and

Tuberculosis Surveillance Center, to examine the effect of Japan’s pre-entry TB

screening policy, including testing and treatment in Japan and Nepal for the

period 2014—2018. The total cost, total benefit, and net benefit for both countries

were compared for two policy scenarios, “With” and “Without”, using net present

value (NPV). In order to address parameter difference for uncertainty, we

conducted a sensitivity analysis using Monte Carlo simulation with secondary

transmission rate. The results showed that implementing a policy of pre-entry TB

screening for foreign migrants with a high TB burden arriving in Japan from Nepal

would achieve efficient cost-saving by reducing the number of newly diagnosed

TB cases, including those with transmission risk. Moreover, the results indicate

that pre-entry TB screening would have prevented an increase in the number of

new TB cases in Japan and reduced TB healthcare costs and capacity loss.

The research findings highlight the importance of TB research on trend

identification, technology application, and collaboration in TB control towards

xi1



significant progress in global health, science, and technology diplomacy. We

close with a depiction of research limitations, and provide lists of future prospects

based on the evaluation analysis.
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Chapter 1

Introduction

1.1 Epidemiologic disaster to global pandemic—tuberculosis (TB)

At the 2019 United Nations General Assembly, the World Health
Organization (WHO), stressed that “global health security affects us all.” When
countries have robust, end-to-end primary health systems, they added, outbreaks
are prevented, crises are infrequent, and families and communities are
empowered in ways that go beyond the specifics of health care [1]. Tuberculosis
(TB) is classified as a communicable disease, which could spare rapidly by air
within the community and globally. According to the Global Tuberculosis Report
by the WHO [2], TB is listed in the top ten causes of death in the world with
approximately 25% of the world’s population infected with social economic
determinants such as poverty, vulnerability, marginalization, stigma, and
discrimination, etc.

The modernization of TB began in the mid-1980s, and WHO declared TB
a global emergency in 1993. Despite these interventions, it is estimated that the

number of deaths from TB will increase from the current three million per year to



five million by 2050. There are four main reasons for this: global population
growth, co-infection with HIV/AIDS, poverty, and declining programs. Multidrug-
resistant tuberculosis (MDR-TB), migration, and apathy are also contributing to
the global epidemic. Realistic solutions must focus on the completion of the
proper treatment, especially for those who are sputum smear-positive. For this
reason, WHO is actively promoting the Directly Observed Therapy Short Course
(DOTS) campaign to engage public health system physicians. The TB patients
should have access to appropriate bacteriological detection services and good
quality drugs and be assured that drugs are administered under supervision [3].
With the improvement of medical science in the late 20" century, TB has been
proven to be curable and preventable under the provision of 6-month drug
regiment, the curtailing transmission could also be terminated [2]. Given the
substantial impact on the economy domestically and globally, rising attention to
TB has prompted countermeasures by the public health sector, and stimulated
political will. Evidence-based research and evaluation are essential to efforts to

enhance the effectiveness of control over TB.



1.2 Japan’s global health policy toward TB control

Since the 2010’s, Japan’s global health policy presents both opportunities

for global TB control and related challenges. The Ministry of Foreign Affairs of

Japan unveiled its Basic Design for Peace and Health in 2015, a design for

development cooperation and the creation of global collaboration outlines utilizing

Japan’s experience related to the aims of human security [4]. Global health is a

priority issues in the current era, given the advance of globalization and threats

of cross-border spread of infectious diseases including TB [5]. Moreover, in 2014,

the Office of the Prime Minister of Japan issued its “Healthcare Policy” aimed at

improving societal life standards, for healthy aging, providing all with quality of

healthcare, medical treatment and access to health technologies [6]. Japan’s

healthcare policy task force is charged with identifying priority health issues and

creating a national strategic plan (NSP) for the enhancement of health facilitations

and advancing the promotion of health quality through acceleration of research

and development (R&D). One of the key task forces has given priority to TB

elimination through the use of advanced medical technologies to promote holistic

R&D and practical use of medical technologies with multi-sectoral collaboration

[7]. Work towards the achievement of End TB through the national TB control



program (NTP) under the NSP is widely integrated within government and health

sector efforts in collaboration with international organizations and national and

international NGOs [8]. Japan’s TB control program delivers good quality medical

skills and health technologies as well as health care systems for nations with

universal health coverage (UHC), leading to a decrease in the number of TB

deaths [9]. An effective TB response requires robust health systems with

equitable access to adequate TB medical support provided by health care

services under UHC [10,11]. Under UHC, Japan has been able to integrate its TB

control law into infectious disease laws since World War I, without imposing

financing barriers on Japanese patients with TB [12,13]. The latest TB Control

Law, the 2016 version, is mainly focused on the improvement of TB crisis

management including prevention of contamination from biological pathogens;

transmission control; and appropriate treatment with advanced research

knowledge and technologies [14]. Despite the decline in the incidence rate of TB

in Japan with scaling up the TB healthcare systems [15], Japan’s current TB

control strategy is insufficient to achieve TB elimination nationwide. Furthermore,

the TB control strategy under the global health policy for advancing R&D can be

scaled up for better outcomes to ensure the evidence-based policymaking [7].



However, there is no policy evaluation methodology to support appropriate

decision-making regarding TB control efforts in collaboration with multiple

stakeholders [16].

Japan has attached vital importance to support activities for the

acceleration of global TB control since 2020 [17]. Japan has been providing

global leadership in various TB control partnerships, especially the Global Fund

to Fight AIDS, TB and Malaria, in order to promote innovative solutions to global

health challenges related to binding resilient and sustainable systems for health

[5,18]. As a contributor, Japan has provided the largest financial support for the

fight against those three diseases since 2002, aimed at the improvement of

community empowerment works with local leadership in underserved

communities, so as to provide essential healthcare systems and delivery [18].

The Global Fund in Nepal, for example, has succeeded in delivering healthcare

services including early diagnosis and treatment—although evaluation and

monitoring in healthcare management remain insufficient [19]. Clearly Japan has

been continuing to lead in those national and global efforts towards TB elimination

at various levels of program and assistance, but the influence of issue-based

development for global society remains unclear, given the inadequate level of



evaluation research towards the scaling up of implementation of development

programs and assistance.

1.3 TB in Nepal

The gap between WHO TB estimates and the number of TB cases

identified by the Nepali national system widened from 22% in 2015 (44,000

estimated vs. 34,112 notified) to 27% in 2016 (44,000 estimated vs. 32,056

notified); to 29% in 2017 (45,000 estimated vs. 31,764 notified). Clearly it is of

critical importance to find the missing TB cases and close that epidemic

prevention loophole [20]. TB remains a public health problem in Nepal, affecting

thousands of people every year. Nepal has set a goal of ending its TB epidemic

by 2050, with interim targets including: reduction of TB incidence, by 20% from

2016 levels, before 2021; and increasing the cumulative number of reported

cases by 20,000 between July 2016 and July 2021. The Government of Nepal

appointed the National Tuberculosis Control Center developed a comprehensive

National strategy plan (2010-2015) [21], which builds on the previous national

strategy and outlines enhanced and more focused commitment to tackling the TB

epidemic, which is consistent with the new STOP TB strategy and the UN



Sustainable Development Goals (SDGs) in line of targets. The National

Tuberculosis Programme (NTP) is fully integrated within the general primary

health care system of the Government of Nepal under the National Tuberculosis

Control Centre, which is responsible for program policy formulation, strategy, and

planning. Nepal's first TB prevalence survey was efficiently conducted with multi-

partner involvement under the public sector [21].

WHO indicated that another TB threat for global health security is the type

of MDR-TB, which are mostly exist in low- and middle- income countries (LMICs),

including Ghana, Mongolia, Nepal, Philippines, Tajikistan and South Africa [2].

According to the report provided by Japan Student Services Organization

(JASSO), Nepal has become the third biggest contributor of international

students to Japan, with a rapid increase since 2010 [22]. In the context of

globalization, it will be necessary to extend TB detection measures to foreign

countries, especially countries with strong economy and large personnel

interchange with Nepal. To achieve the Stop TB target, TB control enhancement

needs to be accelerated through appropriate strategic interventions and

increased investment.



1.4 Objectives

Infectious diseases can easily cross borders and seriously affect the

entire international community. To obtain the effective control of this, there are

multiple medical engagement that Japan should undertake, either solely or in

cooperation with developing countries.

First, based on the conduction of “Basic Design for Peace and Health”,

which indicates international collaborative clinical research with statements such

as “utilizing Japan's research, development and innovation capabilities while

promoting the medicine R&D for developing countries in cooperation via public-

private partnership”, through elucidating the medical aspects of the target

diseases by developing new medicines and advanced health technologies. The

conductions include the development of pharmaceutical of target diseases, as

well as health and sanitation technologies. This will enable the sharing of

knowledge on infectious diseases and their medical care research across

national borders and the implementation of countermeasures against infectious

diseases for global health.

Second, it is indispensable to deliver the accumulated knowledge in

clinical medicine and health and hygiene to the general public in the form of



information that they can understand. In the area of infectious disease control, it

is essential to strengthen the health systems of developing countries through

prevention at the individual citizen level and by encouraging people to seek

diagnosis and treatment.

Third, it is vital to limit the potential for the international spread of

infectious diseases so that screening tests could be conducted, especially at the

boarder measures of international migration. Screening tests can help contain

infectious diseases within a country and prevent their spread abroad. In this study,

we believe that these three perspectives are essential, and we will use evidence

to analyze the effectiveness of policy efforts being made from these perspectives.

Regarding the global health research on infectious disease, there are

only few Japanese studies have evaluated comprehensive policy for global health

in TB control in low-income countries. The key elements of global health policy

(as presented in Basic Design for Peace and Health) demonstrate emphasis on

clarifying the results of policy evaluation. Therefore, it is essential to acquire an

understanding of the needed degree of effectiveness, which would support global

health policy formulation and link the findings to policy recommendations. To

achieve the above objectives, it is essential to analyze, through evaluation-based



visualizations: (a) the knowledge accumulation of Japan and global TB research

trends; (b) TB awareness associated with social economic determinants of health

system in LMICs, and; (c) the effectiveness of TB screening policy toward TB

infection control in Japan’s high vulnerability counterpart country. That scientific,

evidence-based evaluation analysis would be of considerable value for decision

making toward successful implementation with trackable outcomes and process

on global health policymaking. These policy analyses for evaluation will help

implement the research on the specific aspects of the TB strategy for intensified

research and innovation nationally and globally, tackling innovative strategies in

all countries to ensure more effective interventions. In addition, the key research

characteristics and major research priorities scaled research engagement would

help understand the challenges and improve policymaking of health systems with

more efficient service delivery.

In the investigation of social determinates that affect the awareness of TB,

the approach of analyzing survey data is emphasized because most actions on

consequences of TB may hinge on determinants outside the health sector.

Therefore, assessing the effectiveness of local implementation strategies and

innovative tools for acquiring information are key elements of achieving essential

10



prevention, treatment, and care interventions in migrant communities. Moreover,

the cost and benefit analysis and health policy frameworks across the countries

could reinforce case notification, vital registration, quality and rational use of

medicines, and infection control. Such progress can be achieved through the ex-

ante financing of health care with comprehensive geographical coverage with

quality service under adequate monitoring and evaluation.

We carry out case studies targeted on Nepal because of the increasing

presence of emigrant Nepalese students and workers in Japan, which makes TB

control collaboration between Japan and Nepal a significant key to the

advancement of global health. Taking a detailed approach to the above issues,

the dissertation aims to conduct evidence-based analysis of available data to

capture global research trends in TB control, and to develop a policy evaluation

method for use in the framing of specific policy recommendations towards global

health research.

1.5 Dissertation structure

The dissertation proceeds as follows; after the background introduction

in Chapter 1, Chapter 2 demonstrates bibliometric evaluation, a method for

11



obtaining an understanding of the structure of TB research including its trends,

characteristics, and networks from publication outputs. The research uses natural

language processing with text mining at Python platform. Chapter 3 reports a

social evaluation using STATA and R programming to find relationships between

variables influencing improvements in TB awareness in Nepal. Chapter 4

discusses the validation of economic evaluation using cost-benefit analysis of the

economic impact of TB screening and testing policies targeted on Nepal. Finally,

Chapter 5 presents overall conclusions and policy recommendations.
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Chapter 2
Japan's Contribution to Tuberculosis Research: A Text
Mining-based Topic Modeling Analysis for 15 Countries

(1999-2019)

2.1 Introduction

Tuberculosis (TB) is one of the biggest threats to global health: it was
ranked in the top ten causes of death worldwide in 2019 in the World Health
Organization (WHO) [1,2]. Several studies have reported that mycobacterium
tuberculosis (M.tb), the causative bacterial agent of TB, affected the lungs in
approximately 80% of all adult cases of TB surveyed [3,4]. According to the 10t
edition of International Statistical Classification of Disease and Related Health
Problems (ICD-10) in 2016, WHO classified respiratory tuberculosis as code-A15
and A16 for systematic analysis of global health disease data [5]. In Japan in
2019, 86.7% of respiratory tuberculosis cases were confirmed bacteriologically
and the number of cases in adults over age 15 reached 94.5% [6]. TB infection
rate is affected by socio-economic determinants including social, economic and

political factors, all of which have a negative impact on equitable access to
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essential TB health services and systems, both globally and locally [1,7]. In a

move toward joint action on those social issues, United Nations SDG 3 and

WHO’s END TB Strategy set urgent targets for 2030 regarding research and

innovation expansion as part of a global effort [8]. In the COVID-19 era, public

concern about respiratory infectious diseases has prompted requests for a global

integrated pandemic control response involving intensified research and

innovation at the global, national (central government) and community (local

government and rural area) levels.

The continuing efforts to eliminate TB is a great challenge for researchers,

funding bodies and policymakers. Meeting the challenges involved in ending the

current TB epidemic will require newer and better tools for prevention and control

of TB [8]. WHO TB Factsheet 2019 [9] indicates that newly developed TB

technologies such as rapid diagnostic tests, drugs for treatment and vaccines

have not demonstrated sufficient efficacy in terms of TB incidence and mortality

reduction in field evaluation studies and trials. Clearly, further research is required

to accelerate technological progress toward achievement of the global goal of

eliminating TB through national level and community-based efforts [10]. Although

the multisector takes innovative approaches for more appropriate medical and
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programmatic health care services, there are significant gaps between

information and opinions held by policymakers and by researchers as a result of

insufficient research information sharing [11]. To ensure the tracking of research

efforts and impacts, it is necessary that health research trends and priorities

reflect previous research contributions with regard to achieving both global and

national TB strategic goals [8,11]. Bridging gaps among policymakers, funders

and researchers and other relevant stakeholders’ calls for the systematic

evaluation of existing TB research information and long-term accumulation of

knowledge, as evidenced by scientific publications, to identify the urgent priorities

of TB research.

Japan’s healthcare policy, established by Prime Minister of Japan and his

Cabinet, places great importance on research and development (R&D) on

emerging and re-emerging infectious diseases including tuberculosis, using

advanced medical technology, to promote large-scale development and practical

use of medical and health technologies through multi-sectoral collaboration.

Along with its emphasis on strengthening R&D, the Japanese government has

placed a higher priority on global health as a key issue in Japanese health

diplomacy [12,13]. However, there is no process for evaluation, by means of
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publication of methods and results, to ensure that such feedback will be absorbed

and reflected in future global health policy in Japan [14,15]. Evaluation of

scientific publications using text mining processing has been widely conducted in

the last few years; it can help to disseminate academic information, knowledge

and findings to enable health experts to understand research trends [16,17].

Moreover, health research text mining in massive interdisciplinary research can

evaluate determines research impact, and compares research performance and

R&D, both effectively and efficiently [18]. Through syntheses of the literature, this

paper first evaluates the contributions of TB research using text mining method

for effective development as one of the core pillars to support END TB strategy.

In recognition of the necessity of evaluation of contributions to the large-scale

implementation of TB research for effective development, and to disseminate

information on further TB research priorities, it is essential to promote the

development of future global health policy with multi-stakeholders in society.

This study evaluates the contributions of scientific research to global

health achievements aimed at the elimination of TB. We investigate the major

trend of Japan’s scientific research development as evidenced by published

articles, towards an understanding of research themes and trends, and of
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research fronts, by topic modeling analysis of qualitative publication data for the
period 1999-2019. The objective of this evaluation is to identify (1) the high share
of research topics and productivities; (2) key research characteristics and major
research priorities; and (3) the scale of research engagement and contribution

towards the elimination of TB, with cross-country comparisons.

2.2 Methodology
2.2.1 Data and pre-processing

We conducted topic modeling using data obtained from Scopus and J-
Dream lll. Scopus is a well-known database of bibliographic data for academic
articles including abstracts and citations across a wide variety of scientific
disciplines. J-dream |ll, a database constructed by Japan Science and
Technology Agency (JST), contains many scientific research articles in Japanese
as well as English. It includes articles from the fields of science, technology,
medicine and social science, reviews and case reports. The Scopus database
mainly collects English language publications and also collects some other
language publications with English abstract. Thus, Scopus is of limited use for

trend analysis in Japanese research. Since most Japanese publications in the
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health care related academic journals are written in Japanese, we gathered data

from the J-dream lIl database as well as Scopus to achieve a more extensive

base for analysis. In order to manage those databases in the analysis of a wide

range of studies towards an examination of global trends, it is necessary to

identify Japan’s scientific research structure holistically.

The main disease-related keyword of our topic search was “respiratory

tuberculosis”. Respiratory tuberculosis associated with other disease

complications was included, but tuberculosis of other organs was not. Search

queries were set for “respiratory tuberculosis” OR “lung tuberculosis”

OR “pulmonary phthisis” OR “pulmonary tuberculosis” in Scopus searches, while

J-dream |ll search queries were translated into Japanese as “Hai Kekkaku”.

Using these English and Japanese search terms, we obtained publication titles

and summaries. The raw data for all document types published during 1999-2019

was obtained from Scopus and J-dream Il in 2020. After translating the Japanese

search result in English by machine translation (google translation), a dataset

was created by merging these two results. Data for a total of 31,885 publications

were downloaded from Scopus. In addition, we added another 14,468

publications from J-dream lll, excluding 126 overlapping items with Scopus.
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Figure 2.1 is a schematic diagram of the data collection flow. In the first

scheme, the total number of potentially relevant articles (N=46,353) are identified

for eligibility, excluding overlapping articles. We identified the top 15 countries in

terms of number of author affiliations from the relevant articles. Authors were

classified by affiliated country, based on author address. The number of articles

by country was measured by integer counting. For example, in the case of an

article co-authored by multiple institutions in the United States and multiple

institutions in Japan, the number of papers is designated as one in the United

States and one in Japan. A total of 40,609 of the 46,353 articles were identified

as articles from the top 15 countries for analysis after exclusion of overlapping

country affiliation.

‘ 31,885 articles collected through Scopus database searches

14,468 articles added, excluding overlapping
articles collected through J-dreams database
searches

First scheme
Gensim and LDA analysis

46,353 potentially relevant articles screened for eligibility

108,047 articles collected after classification in each
affiliated country from the above 46,353 articles

50,725 articles excluded due to
overlapping affiliation countries

analysis

Second scheme
Cluster and Correspondence

40,609 articles collected from the 15 countries with the
highest number of articles

Figure 2.1 Data collection flow
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2.2.2 Data analysis
2.2.2.1 Topic modeling for thematic analysis

We conducted topic modeling to generate the probability distribution of
topics in the pre-proceeded dataset for the period 1999-2019. In-depth analysis
for learning latent topics, using Latent Dirichlet Allocation (LDA) modeling, was
conducted using the Python 3.8. LDA, a common methods of topic modeling, was
configured to identify the latent topic from a large number of text corpora [19,20].
In support of these analysis, we conducted text normalization using stemming
and lemmatization techniques from the field of natural language processing and
removed numbers and stop words, e.g., “abstract”, “introduction”, and “result”.
After the data cleaning, the LDA was applied using Gensim to identify the
optimization of topic coherence scores over all topics with random sampling. In
order to determine the probability of topic coherence, it is vital to allocate the high-

frequency words in each clustered topic by applying LDA model across all topics

[21]. We set the top 40 words from each clustered topic as criteria.

2.2.2.2 Correspondence analysis and cluster analysis

We used correspondence analysis and cluster analysis to elucidate an
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understanding of the relationship between the allocated topics and affiliation

countries, to support science mapping. Correspondence analysis was performed

to analyze national level strategies for ensuring research prioritized in each

country. Cluster analysis was used by cosine similarity measures to identify

characteristics and topic-related attributes of affiliation countries that identify

homogenous groups among affiliation countries. Finally, we classified the

analysis results into the five spectrums of TB research for each affiliated country

in terms of intensified research and innovation toward implementation of END TB

Strategy: The essentials 2015 [8]. The classification was evaluated based on the

author’s independent perspective on the topics.

2.3 Results

2.3.1 Identification of high proportion of topics and productivities

Regarding the first scheme of the Gensim model approach, the result of

topic coherence assumption is presented in Figure 2.2. The optimal topic

coherence was estimated to be 15 topics from randomly assigned after pre-

processed dataset, because high probability points were represented within the

size of 20,000 samples and 25,000 samples. In support of the result, there was

24



no significant the performance of topic coherence improvement over the topic 15
in the analysis. Table 2.1 lists the 15 topics classified by LDA with the top 40
representative words for each clustered topic, shown in order of the most
frequency words. To determine the optimal topic number and topic classification
in the analysis, it is necessary to understand the influential topics, as evidenced
by the publication productivities and the strength of research topics in each

affiliated county in the subsequent scheme.
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Figure 2.2 Topic coherence scores
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Table 2.1 Classification of 15 topics

Top 40 words

Potential term of disease

Potential term of target population

Summary Research field

tuberculosis health care treatment patient human infection control pulmonary case medical risk public incidence lung humans hospital rate population
transmission data prevalence child new practice management cost world program high adult therapy year review prevention ha research country national
service

Tuberculosis, Pulmonary,
Lung

Patient, Human, Population, Country,
National

Examination of TB
infection and
disease

Clinical studies /
Trials

protein tuberculosis gene level factor human receptor cell expression lung interleukin blood macrophage tumor necrosis pulmonary tnf patient response

Tuberculosis, Lung, Tumor,

Response to therapy 1: Fundamental

Topic 2 alpha infection cytokine serum control host activity marker inflammatory immune controlled role genetic healthy like inflammation metabolism biological Human including molecular ~* .
N Necrosis, Pulmonary and immunolo; science
plasma enzyme mycobacterium 8y
tuberculosis diagnosis pulmonary lung case chest ray ct di pneumonia examination infection lesion differential respiratory image old human year cough  Tuberculosis, Pulmonary, Examination of the 3: preclinical
Topic 3 test radiography sputum imaging patient elderly shadow mycobacterium showed tomography pathology diagnosed clinical medical miliary cavity nodule Chest, Pneumonia, Nodle,  Human, Patient, Elderly safety and efficacy m».:&m% ca

cases tumor fever

Tumor

of diagnosis

tuberculosis patient treatment drug clinical liver case male human agent therapy infection adult isoniazid skin lung anti kidney rifampicin female aged
Topic 4 blood hepatitis pyrazinamide ethambutol agents humans renal transplantation mycobacterium outcome arthritis fever biopsy level pulmonary
tuberculostatic chronic year bone

Tuberculosis, Liver, S|
Lung, Kidney, Hepatitis,

, Pulmonary,

Patient, Male, Human, Adult, Female,

Disease outcome
research for 4: Cl
progression of / Trials
active disease

tuberculosis patient aged risk adult pulmonary male female treatment group middle age factor clinical case associated outcome lung adolescent patients
s retrospective control human major mortality association factors polymorphism rate population incidence diabetes humans cohort child ratio
igher young

Topic 5

Tuberculosis, Pulmonary,
Diabetes

Patuent, Aged, Adult, male ,Female,
Adolescent, Population, Human,
Young

of  5:Development
social and personal and scale-up
factors implementation

test tuberculosis sensitivity diagnostic specificity assay tuberculin value accuracy diagnosis bcg interferon screening detection tst gamma latent positive

Drug or diagnostics ., Tt N
Topic 6 using gft active predictive release cost skin clinical vaccination li negative infection tests vaccine based used human contact high mycobacterium gold Tuberculosis, Latent Human i jonfor 21 h
performance efficacy researcl
drug therapy tuberculosis treatment case effect compound dt combination pulmonary acid antituberculosis anti administration use year adverse Drug or diagnostics , -
Topic 7 pregnancy alcohol patient therapeutic aromatic complications month human day dc old amino fatty nitrogen tu aliphatic isoniazid amine test oxygen Tuberculosis, Pulmonary Patient, Human i ion for mwmm_.nr
compounds secondary heterocyclic efficacy
delay patient exposure tuberculosis lung health occupational pulmonary cross male sectional questionnaire life spinal adult chronic female smoking Tuberculosis, Pulmonary, Patient, Male, Adult, Female, Aged] Investigation of  5:Development
Topic 8 silicosis factor aged symptom quality status diagnosis associated prevalence extract respiratory human air death risk dust pneumoconiosis score clinical ~ Spinal, Silicosis, Respiratory, 1::.5:_ ’ ’ ’ " social and and scale-up
patients pollution plant Pneumoconiosis | factors | i

cal

infection hiv human respiratory
Topic 9 infected aids count failure tuberculosis antiretroviral opportunistic acquired acute immune tract art male adult lymphocyte blood obstructive case related

us patient therapy immunode ncy pneumonia lung syndrome infections chronic agent pulmonary treatment cl

HIV, Respiratory,
Pneumonia, Lung, AIDS,

Human, Patient, Male, Adult

Disease outcome

4: Clinical studies
research across

. N N / Trials
drug pressure oxygen complication Tuberculosis clinical trials
. ) ) L . . . _ Pulmonary, Aspergilosis,
lung pulmonary aspergillosis history asthma respiratory chronic human aspergillus century bronchial fibrosis airy delivery tuberculosis fungal cancer using Asthma, Respiratory, . .
Topic 10 air medicine allergic inhalation mass humans ha used function 20th laser obstructive breath spectrometry review use aspergilloma fumigatus medical ~ Bronchial, Fibrosis, Human H.Mmﬂn:»»:o: w:ﬂmmmnm_s_nm_

antifungal gas fungus

Aspergillus, Tuberculosis,

Cancer

pleural effusion vitamin level serum pleura infection fluid jst deficiency pleurisy ml influenza human virus iron adenosine patient blood deaminase
Topic 11 malaria tuberculosis concentration ada hiv kyoto pulmonary mac pneumonia cause english japanese supplementation spatia

higher group

Pleural, Influenza, Malaria,

fectious translated ng lung Tuberculosis, Mac,

Pneumonia, Lung

Human, Patient

Examination of TB
h : 4: Cl
infection and

. / Trials
disease

tuberculosis cell mycobacterium antigen lung animal vaccine bacterial infection human response bcg lymphocyte protein mouse pulmonary immune
Topic 12 interferon immunity antibody mice ifn model interleukin cytokine gamma cells specific bovis production infected female animals antigens vaccination

Tuberculosis, Lung

Animal, Human, Mouse, Mice

Response to therapy 1:Fundamental
including molecular "

science
immunology blood controlled tissue priority and immunology
lung tuberculosis case tomography pulmonary cancer patient human male surgery biopsy aged adult surgical female treatment assisted tumor thorax Lung, Tuberculosis, Tumor, . H Mal d, Adul Translational
Topic 13 lymph computer imaging clinical radiography computed diagnosis node humans resection year hemoptysis complication fistula tissue carcinoma cell Thorax, Lymph node, N”.__M__ﬁ_ uman, Male, Aged, Adult, Mmmmar

bronchoscopy right postoperative diagnostic

Hemoptysis, Carcinoma

tuberculosis drug resistant mycobacterium resistance treatment multidrug isoniazid rifampicin bacterial human agent mdr strain ethambutol antibiotic
Topic 14 pyrazinamide clinical isolates antitubercular agents lung dna pulmonary tuberculostatic gene sensitivity regimen patient streptomycin sputum therapy
culture humans bacterium mutation rifampin anti molecular trial

Tuberculosis, MDR, Lung,
Pulmonary, Tuberculosis

Human

Examination of TB
infection and
disease

4: Clinical studies
/ Trials

tuberculosis sputum patient smear pulmonary positive culture child clinical hiv mycobacterium human adult male female diagnosis case negative aged
Topic 15 test diagnostic lung bacterium patients infection prevalence sample sensitivity acid adolescent humans fast major contact immunodeficiency middle
microscopy specimen virus pcr

Tuberculosis, Pulmonary,
HIV, Lung

Patient, Child, Adult, Male, Female,
Aged, Adolescent

Implementation  3: Preclinical
research studies
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Figure 2.3 shows a total of 40,609 articles from 15 countries for the 20-
year period 1999-2019. “Japan All”, which includes both Scopus and J-dream I,
yielded the highest number of publications (N=15,772), accounting for 39% of
total publications, whereas “Japan-1” with only Scopus data was ranked in the
top five (N=1,829) following China (N=2,410). The J dream Ill (Japan-2) had the
8 times higher publication number written in Japanese compared to Scopus
(Japan-1) written in English. The United States had the second largest number

of publications (N=5,436), followed by India (N=3,921).

18,000

16,000

14,000

12,000
2
Q 10,000
Q
£
> 8,000
c
c
(o] 6,000
2
8
= 4,000
o
S
& 2000 I I

_ IR EEEEREE
N N o @ @ A\ 2 2 N A &N g A o
o @\\\ &K & 60& N & N & %(bx\ IR \’b(\b N \\Q’b
IR <& SN SR CHN S & NS
NANNESS N ol R i N
ib O & & P B NE
& 00 \@Q

Figure 2.3 Number of publications, 15 most published countries for 20 years
Note: Japan All = Scopus + J dream IlI.
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Figure 2.4 shows the results of the influential research topics in each
affiliated country. In “Japan All”, the percentage of topic 1 is the highest (53%)
that is the research fields of clinical studies and medical trials as case report. The
Topic 1 focuses on the specific science themes, e.g., Health Care, Treatment,
Control, Case, Risk, and Incidence. in the country category. It is followed by Topic
12 (12%) of the fundamental science fields including Cell, Mycobacterium,
Antigen, Vaccine, Bacterial, Infection, and Response among all cases of animal
experimentation (Table 2.1). Moreover, the highest rates for Topic 14 were seen
in Turkey and India (Drug, Resistant, Treatment, Multidrug, Isoniazid) for 19%
and 14%, respectively. In addition, South Africa had the highest rates for Topic 9
for HIV/AIDS related research (12%). In contrast, China had the highest share for
topic 2, the major research themes (Gene, Factor, Human, Receptor, Cell,
Expression) at 9%, compared with other affiliated countries (Table 2.1, Figure 2.4).

Exact values for Figure 2.4 can be followed in Table A2.1.
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Figure 2.4 Proportion of publications on selected research topics in 15 affiliated
countries
Note: Japan All = Scopus + J dream lI.

2.3.2 Identified characteristics and priorities of research topics

Data for the top 15 affiliated countries were subjected to correspondence
analysis in order to identify the qualitative relationship between variables (Figure
2.5), and to hierarchical clustering analysis (Figure 2.6). Moreover, “Japan All”
data was divided into Scopus (Japan-1) and J dream Il (Japan-2), as shown in
Figure 2.7 and 2.8. The two-dimensions visualization of topic community and
country cluster shows that “Japan All” data was located into different groups,

compared with other countries, while its predominant topic-related attribute was
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1, 10, 12 and 15. On the other hand, China, France and Germany showed a

stronger degree of correlation between topics 2, 5 and 6 (Figure 2.5 and 2.7). The

resulting dendrogram shows that “Japan All” was strongly independent whereas

there was a close similarity between United States and United Kingdom, as can

be seen in Figure 2.6 and 2.8. Furthermore, as a result of the visualization in

Figure 2.7 and 2.8, Scopus (Japan-1) was moderate isolated.
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Figure 2.5 Topic community
Note: Japan All = Scopus + J dream IlI.
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2.3.3 Evaluation of scale of research engagement and contribution

To identify the scale of research engagement and/or contribution to END

TB strategy, five-spectrums for in-depth research and innovation were classified

into the following categories: 1) fundamental science; 2) translational studies; 3)

pre-clinical studies; 4) clinical studies / trials and development; and 5) scale-up

implementation / operational research. The classification method was determined

according to keywords from the spectrum of research in the END TB strategy and

the 15 topics of LDA; for instance, the immunology and molecular biology

research is categorized as 1) fundamental science. The categorization details

could refer to Table 2.1. As can be seen in Figure 2.9, compared to that of other
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countries, the contribution of “Japan All” to category 5 was extremely low, at 2%;
and the largest portion of research engagement was 19% for category 3
comparing to other countries. Besides, Scopus (Japan-1)’s research contribution
to category 5 was small proportion (10%) compared with other countries. In
contrast, all countries showed high research engagement in category 4, ranging
from 37% (Canada) to 58% (Japan All). Exact values for Figure 2.9 can be

followed in Appendix Table A2.1 and A2.2.
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Figure 2.9 Proportion of research and innovation types based on WHO TB
strategy, by country
Note: Japan All = Scopus + J dream lI.
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2.4 Discussion

In order to conduct evaluation analysis holistically compared with top 15

ranked countries using topic modelling, overall contribution of Japan’s scientific

development is clearly visible to obtain schematic information of each topic from

long-term dataset.

In the first findings, realistic scientific research interest, trend and

characteristic were identified, the health value orientation of research outputs was

significant difference between comparison courtiers. For instance, TB research

field in “Japan All” had attracted interest from healthcare and treatment for

patients in domestic level through clinical studies and trials as case report (Topic

1), following by topic 12 including mycobacterium, immunology, antibody and

mice via fundamental science (Table 2.1 and Figure 2.5). Specifically, the Scopus

(Japan-1) of Topic 1 had the third largest share of the research output, while the

J dream lll (Japan-2) of the Topic 1 was the highest level of research output at

53% compared with other countries. It is evident that Japanese medical scientists

have efforts being familiar with the art of medicine, treatment and care in patient

related with clinical experience. Case report typically provide detailed information

toward science communication that it is enhance to share rare medical or disease
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information of the symptoms, diagnosis, treatment care, and follow-up of an

individual patient even though the research quality is inadequate without value-

added scientific research methodology based on statistical aspects [22].

Furthermore, separated Scopus (Japan-1) data was most heavily attributed to

topic 12, at 19% (Figure 2.7). That finding points to the need for fundamental

research on the biology of mycobacterium, antigens, antibodies in immune

systems, which was also identified as a priority in Japan. It is necessary to support

R&D towards new drugs and vaccines, although this basic TB research area is

relatively smaller than other research areas [23]. Japanese government

healthcare policy emphasizes the development of new antibiotics, rapid

diagnostic examination tools, and vaccine towards TB elimination [13]. The

government policy priority could respond to the enhancing needs and motivations

of Japanese R&D, is one of the key factors of TB research outputs.

On the other hand, the highest level of publication output in Topic 2 was

China, which is more focused on genetic and molecular-related research

development across fundamental science. It can be recognized that Chinese

research and development interests have been moving into the spotlight of

genetic-based science. According to Wang D. et al. 2020, genetic-based science
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in China has been developed for effective gene-target therapy and treatment

involving infectious diseases since the introduction of gene-therapy regulation in

1993 [24]. As a result, the establishment of regulatory policy by the Chinese

government could give rise to an evolving interest in gene-related medical

development for two decades. To summarize, the performance of scientific

research was appeared obvious at the country category, the national health care

policy can influence publication output and impact.

From the result of topic community and country cluster, it is found that

Japan was placed significantly in the opposite position to other country cluster

group in global comparison. From the topic community analysis (Figure 2.5), the

topic community visualization shows that the biggest impact on topic 1 and 10

was Japan in field of general TB health care research whereas Topic 14 strongly

attributed to Turkey and India with large distance from other countries, had strong

relativities to Multi-drug resistant TB (MDR)-TB treatment research. Japan’s core

academic publications in topic 1 and topic 10 could be influential clinical research

and medical trails that could directly address healthcare services for enhancing

societal life standard by utilizing medical technologies through healthcare policy.

Additionally, according to WHO European Region Report 2013 [25],
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Turkey is one of the highest MDR-TB burden countries in the WHO European

region. Besides, India had the largest number of drug-resistant TB globally,

imposed an increased risk of TB incidence in younger population [26,27]. These

evidences have been suggested that both countries are focusing on MDR-TB

research as prioritized global health threats, National TB program (NTP) has

been facilitated for scaling-up further MDR-TB research development and

prevention by various initiatives since 2004 [24,28]. The National Strategic Plan

for Tuberculosis Control (NSP-RNTCP) in India is expanding for scaling up MDR-

TB treatment services with more than 10 million TB patients under the RNTCP

[29]. The predominance of MDR-TB research in high burden countries can relate

to concentration of prioritized specific disease target by the presence of National

strategic plan of policy frameworks.

As shown in Figure 2.6 and 2.8, the country cluster mapping of scientific

network in major Japan’s research fields had disparate impact while America and

United Kingdom had a close relationship reflected with closest distance matrix.

The huge difference the country cluster is between Japan versus westernization

countries. Despite the extremely difference in Japan’s research field and limited

network, scientific communication with network in American and European
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regions were existed their close geographical or historical proximity. In fact,

American and European countries had strong relationship with scientific research

network due to sharing close communication with regional research activities [30]

such as conference, symposium and workshop with working on TB partnership

[31,32]. It was also found that funding agency in America and other European

union shared the set of value and policy of TB research priority within consensus

statement on MDR-TB and other TB-related R&D into developing countries at a

local as well as global levels [23]. The understanding of scientific consensus and

priorities through the TB research collaboration with the working group could be

useful for improving awareness of political attention and financial needs for

guiding scientists and policy makers in order to scaling up R&D [33]. The

collaboration with multinational regions could be one of the factors associated

with improvement of scientific international network and activities into healthcare

policy. For connecting wider international research network, the relationship with

multi-stakeholders could evolve research knowledge and motivation for the

researchers to set increasing the value of the research outputs.

From the result of the classified performance based on the WHO’s key

components of TB research, the finding emphasized the necessity of the national
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level TB research engagement in the research process to facilitate effective

research uptake. In fact, Japan had the smallest proportion of category 5 (2%)

involving evaluation of reciprocal relationship between social factors such as

affecting health seeking behaviors, wider health systems and dynamics through

policy effectiveness and regulatory science on TB prevention and care (Figure

2.7). On the other hand, category 3 (pre-clinical studies) and 4 (clinical studies

and trials) was high proportion of research engagement in “Japan All” for 19%

and 58%, respectively.

It can be seen that the degree of research engagement was identified,

could lead to the national research priorities where the knowledge-generated of

category 5 is less incorporated into Japan’s healthcare policy for achievement

national as well as global goals. These results reflected the recognitions of

research needs and trends made by the requirements from policymakers and

funders’ decision [34,35]. The policymakers and funders are obligated to

understand how much level of research scope are implementing as a result of

research performance with the quantitative measurement from published article

outputs, are essential measure of the impact and quality of research [16].

Therefore, the classification matrix can highlight the efficient TB research, which

39



detect to engage in the degree of quality and performing TB research compared

with other countries. The recognition of the TB research gaps and contribution

will help stakeholders such as researchers, policymakers and funders to enhance

the effectiveness of decision making.

2.5 Limitations

Our dataset was collected from Scopus and J dream Ill publication

databases, with overlapping publications excluded. In the analysis using the

combined dataset, the inclusion of data from the J dream Ill publication database

may have modified the results, in that a systematic estimation error may have

occurred due to an unbalanced database combination and to translation into

English. Nevertheless, the purpose of this study is to assess Japan’s contribution

to TB research, and including the J-dream |l dataset could sufficiently identify

Japanese TB research trends. Head et al. (2015) suggested that it is difficult to

accurately assess the effect of data collection, data size or paper on the results

[16]. In addition, the classification here of the TB research field into five categories,

based on the author’s independent perspective alone, without confirmation by

another researchers, could give rise to an underestimation of classification, as a
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sort of measurement bias.

On the other hand, it is difficult to classify into five categories the data

from Scopus alone based on the dataset in the Supplement section, since the

data scale is insufficient for the analysis due to the low-quality of medical scientific

terms used. The small resource dataset is not useful for identifying of the

significant impact of topic performance in the text mining [17,36]. From the above,

it is evident that the Scopus database has a wider range of scientific keywords

[37], while the J dream Ill database provides more medical scientific terms, the

combination of the two datasets may lead to better topic modeling performance.

Therefore, the results from those different viewpoints could enhance the

credibility of our main analysis for evaluation of the schematic characteristics of

Japan’s progress in TB research.

2.6 Conclusion

This study assessed the contribution of scientific TB research over the

last two decades to global health achievements aimed at the elimination of TB.

We holistically identified the characteristics of scientific TB research based on

national health care policy by topic modeling analysis of qualitative publication
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data with global comparison. The result of the study highlighted that Japanese

research was most influential in research fields ranging from healthcare and

treatment of patients in domestic-level clinical research and medical trials. Most

importantly, in a science mapping of topic community and country cluster and the

visualized characteristics and priorities of TB research worldwide, Japanese TB

research in particular was independent. Moreover, we identified the weakness of

Japan’s TB research engagement of which evaluation of reciprocal relationship

between social factors such as affecting health seeking behaviors, wider health

systems and dynamics through policy effectiveness and regulatory science fields.

Regarding directions for future work, there is a need for a high performing

analytical system for detecting medical trends, so as to enable higher validation

outputs in text mining methodology. Furthermore, such a system could enable

implementation of plausible policy, allowing for acceleration of element in

research, which could serve as a reference for ensuring that future health care

system innovations would continue to be needs-driven in line with the urgent

priorities in TB research and innovation. Finally, appropriate funding allocation

could enable operation with a substantial degree of social ownership, in the

interests of sustainable health and social care.
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2.7 Appendix

Table A2.1 Proportion of publications on selected research topics in affiliated
countries

Topicl Topic2 Topic3 Topic4 Topic5 Topic6 Topic7 Topic8 Topic9 Topicl0 Topic1ll Topic12 Topic13 Topic 14 Topic 15

Japan-All 53% 0% 1% 1% 1% 2% 6% 1% 0% 10% 2% 12% 1% 2% 8%
Japan-2 (J dream I11) 59% 0% 1% 0% 0% 1% 6% 0% 0% 11% 1% 11% 1% 1% 8%
United States 9% 4% 2% 3% 7% 9% 12% 13% 7% 2% 21% 3% 2% 4% 2%
India 12% 3% 2% 7% 7% 12% 5% 10% 6% 1% 10% 4% 4% 14% 3%
United Kingdom 11% 4% 3% 4% 6% 11% 15% 13% 9% 1% 14% 2% 1% 4% 2%
China 10% 9% 1% 5% 3% 12% 5% 12% 2% 1% 18% 5% 6% 6% 3%
Japan-1 (Scopus) 12% 3% 1% 5% 3% 5% 6% 7% 1% 5% 7% 19% 8% 8% 7%
South Africa 14% 3% 2% 5% 6% 14% 9% 17% 12% 0% 11% 1% 1% 3% 2%
France 9% 6% 2% 6% 7% 8% 15% 12% 6% 2% 9% 3% 4% 8% 2%
South Korea 13% 3% 1% 7% 6% 10% 2% 12% 1% 3% 8% 11% 6% 10% 7%
Brazil 13% 3% 1% 4% 3% 12% 10% 19% 6% 1% 13% 4% 2% 7% 1%
Germany 8% 5% 3% 5% 6% 11% 12% 7% 3% 3% 21% 4% 4% 5% 3%
Spain 7% 4% 3% 8% 7% 8% 12% 13% 7% 2% 8% 5% 5% 9% 3%
Italy 5% 3% 2% 8% 10% 9% 14% 8% 6% 4% 15% 4% 3% 7% 2%
Netherlands 11% 6% 1% 5% 6% 11% 11% 21% 5% 1% 16% 1% 1% 2% 1%
Turkey 10% 3% 1% 12% 4% 8% 4% 10% 3% 3% 7% 8% 7% 19% 2%
Canada 12% 5% 2% 3% 4% 14% 17% 16% 4% 3% 15% 1% 1% 3% 1%

Note: Japan All = Scopus + J dream IlI.

Table A2.2 Proportion of research and innovation types based on WHO TB
strategy, by country

Category 1 Category 2 Category 3 Category 4 Category 5

Japan-All 13% 9% 19% 58% 2%
Japan-2 (J dream Il1) 11% 8% 19% 61% 1%
United States 7% 23% 6% 44% 20%
India 7% 21% 6% 49% 17%
United Kingdom 6% 27% 6% 2% 19%
China 14% 23% 6% 42% 16%
Japan-1 (Scopus) 22% 20% 14% 34% 10%
South Africa 4% 24% 4% 45% 23%
France 8% 27% 6% 38% 20%
South Korea 14% 18% 11% 40% 18%
Brazil 7% 24% 3% 43% 23%
Germany 9% 28% 9% 43% 12%
Spain 8% 25% 8% 39% 20%
Italy 7% 26% 8% 41% 18%
Netherlands 7% 23% 3% 40% 27%
Turkey 10% 19% 6% 51% 14%
Canada 6% 32% 5% 37% 20%

Note: Japan All = Scopus + J dream IlI.
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2.8 Supplement

To ensure reasonable data selection and classification, we conducted the
same analysis using Scopus dataset alone as a supplement. We present here
the most significant results from the supplement. First, optimal topic coherence
was measured for 16 topics; probability fluctuated and thus it made no difference
to detection of the optimal topic number, given the small sample size (Figure S2.1,
Table S2.1). Second, the analysis outcome for topic community using Scopus
dataset only was diversified among the 15 target countries (Figure S2.2, 2.3 and
2.4). Finally, the results of classification are consistent with those for the

combined dataset (Figure S2.5) followed in supplementary Table S2.2 and S2.3.
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Figure S2.1 Topic coherence scores (Scopus only dataset)
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Table S2.1 Classification of 15 topics (Scopus only dataset)

Potential term of target

Top 40 words Potential term of disease population Summary Research field
tuberculosis drug resistant resistance 3<85n3::3 multidrug mdr bacterial strain rifampicin isoniazid isolates antibiotic human patient sensitivity Drug or diagnostics 2: Translational
Topic1 treatment bacterium agent ethambutol strep pul y molecular dna lung clinical culture antitubercular susceptibility mutation agents case tuberculosis, pulmonary, lung human, patient, Humans, adults  intervention for qm.mmm::
tuberculostatic humans sputum microbial adult _5m genotype microbiology efficacy
tuberculosis child case incidence contact adolescent male infant female adult pulmonary infection aged prevalence age preschool year human tuberculin child, adolescent, male, P tion-leveled  4: Clinical studies /
Topic2 test population risk positive screening rate transmission humans children clinical cases lung high middle retrospective data childhood distribution newborn tuberculosis, pulmonary, lung infant,preschool, female, adult, .Mmﬂwﬂz_o? vele .:.._m__m:_nm stucies
active major human
) __imnﬂ_o: pneumonia patient drug mnm:» 2533 arthritis n_s_nm_ transplantat _::n.::ém: tre ._.mmm._,m.oi_ ato lﬂmn» kidney ?20_,4 4 preumonia, resplratory, theumatold, ) Progression to active 4: Clinical studies /
Topic3 infections bacterial immunosuppressive chronic syndrome antibody antibiotic necrosis risk corticosteroid skin fever acute infliximab tumor aspergillosis N N N S patient, human . .
N N N N kidney, necrosis, askin, spergillosis disease Trials
tuberculosis anti systemic blood lupus review resp
. hiv virus 5.?26: human immunodeficiency Ecmﬁ:_om_m patient infected infections aids 322& 8&3 mn:_.n clinical mfa.‘oam ma__.o:o.sa_ Bm_o. .  hiv, tuberculosis, aids, lung, human, patient, adult, male, Examination of T8 4: Clinical studies /
Topic4 treatment immune lymphocyte female opportunistic agent related lung art pulmonary patients acquired active mortality case humans highly meningitis anti infection and disease Trials

Topic 5

Topic 6

hospital africa deficiency associated

pulmonary

female,

health patient tuberculosis care treatment hospital adult pulmonary female male cross delay control aged sectional india human patients medical diagnosis

public middle questionnaire lung rural case social program humans education clinical service facility quality community observed adherence dots

compliance therapy

tuberculosis, pulmonary, lung

patient, adult, female, human,
patient,

5: Development and
scale-up

implementation

Investigation of social
and personal factors

drug tuberculosis treatment isoniazid therapy rifampicin agent pyrazinamide ethambutol human patient agents liver level blood anti antitubercular clinical
dose pulmonary tuberculostatic regimen combination effect lung trial concentration male activity mg humans female outcome induced adult efficacy

rifampin administration acid month

tuberculosis, liver, pulmonary, lung,

human, patient, male, female,
human

Disease outcome
research

4: Clinical studies /
Trials

tuberculosis antigen cell patient level interferon protein blood pulmonary gamma response assay adult mycobacterium human serum test lymphocyte

patient, adult, female, human,

Response to therapy 1: Fundamental

Topic 7 antibody active interleukin aged male femaleifn enzyme control cytokine clinical healthy linked tuberculin bcg lung group release positive marker infection tuberculosis patient including molecular studies

latent ! andi logy

patient tuberculosis treatment pulmonary aged sputum clinical patients male group adult female lung outcome diabetes middle mycobacterium smear wberculosis, pulmonary, lung, Treatment or clinical 4: Clinical studies /
Topic8 retrospective month positive culture case hospital mellitus rate age human therapy mean failure conversion major studies follow chest time humans results . ! ! patient, male, female, human .

diabetes, chest study Trials

year

lung cancer respiratory n_:.n..:_n pulmonary obstructive smoking heart mmzi_m aged u._ms.m_ Erm_.n:_om_m _.Esmz function exposure effusion copd pneumonia Lung, cancer, respiratoty, pulmonary, Investigation of social 5: Development and
Topic9 patient humans tract fibrosis male bronchiectasis air ventilation volume carcinoma risk silicosis forced history cause occupational failure death oxygen acute heart, asthma, pleural, copd, aged, human, patient, and personal factors scale-up

female disease bronchiectasis, carcinoma, sillicosis, implementation

tuberculosis cell mycobacterium lung animal protein human infection bacterial mouse vaccine expression bcg response macrophage immune model Response to therapy 1: Fundamental
Topic 10 _33,5_2 mice interleukin pulmonary factor lymphocyte gene host drug antigen receptor animals tissue cytokine cells infected growth priority bovis tuberculosis, lung, pulmonary animal, human, mouse, mice including molecular studies

gl controlled activation experi and immunology

gene mcvm_,nz_o&m genetic polymorphism genotype _u:_:_osm_‘::.ms_: association control human susceptibility m.mmon_m.mn nucleotide patient m.az_» single human, patient, adult, male Response to therapy 1: Fundamental
Topic 11 protein case dna receptor frequency risk male sequence population allele female predisposition aged group chain polymerase reaction lung clinical genetics tuberculosis, pulmonary, lung 4 ! ! including molecular studies

mutation humans hla major

female

and immunology

tuberculosis sputum culture sensitivity diagnostic smear diagnosis positive mycobacterium pulmonary specificity test negative clinical value detection

Implementation

Topic 12 patient microscopy sample human accuracy bacterium acid assay lung specimen xpert pcr reaction chain polymerase predictive using adult fast rif time tuberculosis, pulmonary, lung patient, human, female research 3: Preclinical studies
respectively laboratory female
risk tuberculosis treatment factor ci adult outcome mortality aged cohort associated patient age female male factors rate ratio clinical studies death dult, aged, patient, femal Investigation of social 5: Development and
Topic 13 pul y data model controlled major regression incidence middle sex retrospective survival logistic population prevalence multivariate year tuberculosis, pulmonary adu't, aged, patient, female, nvestigation of socia scale-up
. male, population and personal factors
association interval implementation
eye visual ocular placebo treatment uveitis clinical acuity patient trial group optic glaucoma outcome week retina blind controlled intraocular retinal drug Intervention to
Topic 14 vision double therapy follow nerve laser female complication dose randomized agent hemorrhage postoperative safety surgery cataract human blindness  eye patient, female imparove the use of  3: Preclinical studies
injection drug resimens
tuberculosis lung case pulmonary tomography diagnosis human patient male biopsy adult radiography aged clinical female assisted thorax computer . . Drug or diagnostics .
Topic 15 imaging computed differential lesion ct humans year chest lymph di ic ray tissue ination node old bronchoscopy middle feature hemoptysis tuberculosis, lung, pulmonary, thorax, human, patient, male, adult, intervention for 2 Translational
chest, lymph, aged, female ) research
treatment surgery cell efficacy

Topic 16

tuberculosis health human lung review control care humans infection cost medical risk world pulmonary screening research public ha new practice united

history organization priority vaccine trar
incidence developin,

country test pregi

y bcg states based management century guideline clinical prevention medicine

tuberculosis, lung, pulmonary

human

Examination of TB 4 Clinical studies /
infection and disease Trials
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Table S2.2 Proportion of publications on selected research topics in affiliated
countries, by country, by using only Scopus dataset

Topicl Topic2 Topic3 Topic4 Topic5 Topic6 Topic7 Topic8 Topic9 Topic 10 Topic 11 Topic 12 Topic 13 Topic 14 Topic 15 Topic 16

United States 6% 6% 5% 6% 5% 7% 5% 3% 3% 18% 2% % 6% 2% 9% 10%

India 10% 2% 4% 5% 7% 8% 7% 5% 3% 6% 3% 9% 2% 1% 25% 4%
United Kingdom 7% 5% 5% 7% 7% % 6% 2% 3% 11% 3% 8% 6% 1% 8% 14%
China 8% 4% 2% 2% 5% 5% 12% 5% 4% 10% 9% % 4% 1% 20% 2%
Japan 10% 4% 5% 1% 3% 6% 6% 17% 4% 5% 2% 3% 2% 1% 30% 2%
South Africa 7% 5% 2% 12% 7% 11% 7% 2% 3% 8% 1% 12% 8% 1% 7% 9%
France 9% 6% 5% 7% 6% 7% 3% 4% 2% 9% 2% 8% 4% 1% 15% 10%
South Korea 8% 2% 4% 0% 2% 6% 9% 13% 5% 4% 3% % 5% 2% 28% 1%
Brazil 10% 10% 5% 7% 10% 5% 9% 4% 2% 6% 2% 9% 5% 1% 10% 5%
Spain 8% 11% 7% 7% 4% % 5% 3% 5% 7% 2% 6% 3% 1% 19% 6%
Germany 8% 4% 7% 3% 1% 6% 11% 2% 4% 15% 3% 8% 3% 2% 14% 12%
Italy 6% 8% 6% 5% 2% % 10% 3% 4% 11% 2% 6% 3% 2% 16% 11%
Netherlands 7% 10% 4% 5% 10% 7% 9% 4% 1% 10% 2% 8% 5% 1% 7% 9%
Turkey 6% 6% 5% 2% 3% 5% 10% 10% 3% 1% 3% 6% 1% 3% 35% 1%
Canada 5% 7% 6% 3% 6% 5% 4% 4% 2% 13% 4% 10% 7% 2% 6% 16%

Table S2.3 Proportion of research and innovation types based on WHO TB
strategy, by country by using only Scopus dataset

Category 1 Category 2 Category 3 Category 4 Category 5
United States 26% 15% 9% 36% 14%
India 16% 34% 10% 28% 12%
United Kingdom 19% 15% 10% 40% 16%
China 31% 28% 7% 20% 14%
Japan 12% 39% 4% 36% 9%
South Africa 16% 14% 12% 40% 18%
France 15% 24% 9% 40% 12%
South Korea 16% 36% 9% 27% 12%
Brazil 17% 20% 10% 36% 17%
Spain 14% 26% 7% 41% 12%
Germany 28% 22% 9% 33% 8%
Italy 23% 22% 7% 39% 8%
Netherlands 21% 13% 9% 40% 17%
Turkey 14% 41% 9% 28% 8%
Canada 21% 10% 12% 41% 16%
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Chapter 3
Assessing Factors Associated with TB Awareness in

Nepal: A National and Subnational Study

3.1 Introduction

Tuberculosis (TB) has long been considered a critical infectious disease
[1]. In 2019, 10 million people developed TB, leading to 1.4 million TB deaths
worldwide [2]. The WHO Global TB Report 2020 found that 98% of the world’s
registered TB cases were in low- and middle-income countries (LMICs) [2]. In
LMICs, low awareness of TB is one of the leading risk factors for high prevalence
[3]. Lack of TB awareness has become a severe social concern affecting
population health, given the risk of spread of TB [4]. Inadequate knowledge about
TB leads to further transmission and delay in diagnoses and treatment [5]. There
are 3.6 million people with TB who are undiagnosed and hence do not receive
treatment from healthcare facilities in LMICs [6]. As can be seen in the case of
India, due to low TB awareness, diagnosis and treatment of TB have been
delayed, leading to an increased probability of further spread of TB in the

community [7].
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In 1965, the national TB program (NTP) of Nepal was implemented by

the Nepalese government in collaboration with the WHO and the United Nations

Children's Fund (UNICEF). The main aim of the program is to effectively monitor

and control TB incidence and prevalence and ensure better access to quality TB

treatment services in Nepal [8]. Since 2006, almost 85% of TB cases in Nepal

have been successfully treated through the NTP, and the incidence of TB has

decreased gradually, by 3% per year until 2019 [9]. Despite efforts made by

government and international organizations to end TB, around 40% of Nepalese

participants in the End TB program did not seek TB care and treatment, according

to Nepal's 2018 national TB prevalence survey [9]. The results of the national

survey indicate that there is inadequate knowledge of access to TB health

services; thus, there is a need to increase awareness of the availability of quality

TB diagnostics, care and treatment [6,8]. National health policy priorities include:

achievement of the main goal, TB elimination; reducing the numbers of new TB

cases and TB deaths (by enhancing TB awareness among the entire Nepalese

population); removal of barriers to equitable access to TB treatment and care, to

improve community wellbeing in regional Nepal [10]. All of those targets were set

by the NTP at the central level and at local levels as well, in accordance with the
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goal of the national strategic plan, to End TB by 2030 in Nepal [8,10].

The level of TB awareness is associated with various demographic and

socioeconomic factors such as education level, socioeconomic status and area

of residence [8,11]. Low public awareness of and knowledge about TB have been

identified as correlated with several socioeconomic factors including family

income, education level and gender [12]. In addition, enhanced awareness of TB

could improve access to appropriate treatment and better outcomes, especially

in socioeconomically vulnerable groups—who have limited access to information

about TB due to weak community engagement—and certain areas of residence.

[13,14]. In LMICs, including Nepal, specific locations and places at greater

distances from TB treatment facilities are susceptible to poor community TB

awareness and weak adherence to TB treatment as a health-seeking behavior

[15,16]. Examining the demographic and socioeconomic factors associated with

TB awareness is important for understanding the socioeconomic gaps that can

help to drive infectious TB control in the work to eliminate TB [12,17]. However,

few studies have analyzed the magnitude of the associated factors at national

and subnational levels in Nepal. Hence, the aim of our study is to evaluate the

relationship between TB awareness and demographic and socioeconomic factors
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at national and subnational levels in Nepal.

3.2 Materials and Methods

3.2.1 Data-In-Use

In our study, we used data from the Nepal Demographic & Health Survey

(NDHS) 2016. The NDHS is a nationally representative population-based cross-

sectional household survey that obtains socioeconomic and disease-specific

questionnaire information, including knowledge, attitudes and behaviors related

to TB. The data was collected from June 2016 to January 2017. The overall

response rate of the survey was 98.5%. We studied the data of individual

household questionnaire responses for respondents aged 15—49 years. Privacy

of household members was thoroughly ensured [18]

3.2.2 Outcome Variables and Covariates

Awareness of TB contributes to enhancing understanding of screening

necessity, knowledge of good access to health facilities, completion of treatment

as per programmatic management, and monitoring and supervision via

community engagement; these factors have effective impacts on reducing TB

57



cases [19,20]. The outcome variable included in our study of TB awareness was

defined as “people knowing about TB symptoms” and “having knowledge of TB

treatment facilities.” Data with both positive answers in the previous survey are

regarded as dummy variable 1, or else. We considered access to healthcare

services as a control variable in the analysis. The covariates included in our study

were wealth quantiles, education, place of residence (urban and rural), province

and owning a mobile phone. We selected the covariates based on previous

empirical studies conducted in similar settings [12,21].

3.2.3 Statistical Analysis

We used descriptive statistics to analyze respondents’ demographic and

socioeconomic characteristics. A multilevel regression model was used to explain

the relationship between outcome variables and covariates. The data from the

NDHS are nested in multiple levels, i.e., hierarchical in nature. Therefore, we

used a multilevel regression model with a random intercept at a cluster level to

account for the cluster-level effect in our analysis. The selection of covariates for

the multilevel model was based on the significant results obtained from the

univariate regression analysis. Both descriptive and multilevel regression
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analyses were adjusted to the complex survey design using sample weighting.

Data were analyzed using STATA 16 (StataCrop LLC, College Station, TX, USA)

and R 4.0.3 (The R Foundation for Statistical Computing, Indianapolis, IN, USA).

3.3 Results

3.3.1 Summary of Socio-Demographic Characteristics of Respondents

The summary statistics of the respondent’s characteristics are described

in Table 3.1. We included 16,672 respondents (76.1% female and 23.9% male)

aged between 15 and 49 years in our analyses. Among them, 96% reported

awareness of TB. The proportion of participants aged 15-24 was 38.5%, while

for 35-49 years of age, it was 31.6%. Looking at the education level of the

respondents, around 50% of respondents had an education lower than secondary

level, while 16.7% of respondents had a higher level of education. 76.8% of the

total respondents owned a mobile phone. Finally, more than half (63.2%) of the

respondents lived in an urban area.
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Table 3.1 Demographic and socio-economic characteristics of study participants,

2016
Characteristics Number Proportion (%)

Total 16,672 100
Gender
Male 3978 239
Female 12,694 76.1
Age group
15-24 6424 38.5
25-34 4991 299
3549 5257 31.6
Educational attainment
No formal education 4534 27.2
Primary education 2889 17.3
Secondary education 6459 38.8
Higher education 2790 16.7
Province
Province 1 (Not determined) 2826 17.0
Province 2 (Not determined) 3323 199
Province 3 (Bagmati) 3670 22.0
Province 4 (Gandagi) 1604 9.6
Province 5 (Lumbini) 2886 17.3
Province 6 (Karmali) 915 55
Province 7 (Sudurpashchim) 1448 8.7
Owns a mobile phone
No 3861 232
Yes 12,811 76.8
Residence
Urban 10,543 63.2
Rural 6129 36.8

3.3.2 Proportion of People with TB Awareness at a Subnational Level in Nepal

The overall TB awareness at subnational levels in Nepal was above 90%

across all provinces. Province 5 has the highest proportion of TB awareness

(98.3%), followed by provinces 3 and 4 (97.4%); province 6 has the lowest

awareness of all (93%) (Table 3.2; Figure 3.1).
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Table 3.2 People with TB awareness at a subnational level in Nepal

Proportion
(95% Confidence Interval)

TB Awareness

Province 1 (Not determined) 96.1 (95.3-96.7)
Province 2 (Not determined) 94.1 (93.3-94.9)
Province 3 (Bagmati) 97.4 (96.9-97.9)
Province 4 (Gandagi) 97.4 (96.5-98.1)
Province 5 (Lumbini) 98.1 (97.6-98.6)
Province 6 (Karmali) 93.2 (91.3-94.6)
Province 7 (Sudurpashchim) 94.5 (93.2-95.6)

TB: Tuberculosis.

Awareness (%)
ss2 [
o0 | |
95.7 %/
WP
932

Figure 3.1 TB awareness at a subnational level in Nepal

Note: Provinces 1-7 represent the total number of provinces in Nepal. Province
1 = Not determined, Province 2 = Not determined, Province 3 = Bagmati, Province
4 = Gandagi, Province 5 = Lumbini, Province 6 = Karmali, Province 7 =
Sudurpashchim.

3.3.3 Variables Associated with TB Awareness

The results of multilevel logistic regressions with a 95% confidence

interval (Cl), the odds ratio (OR) and respective p-values are presented in Table

3.3.
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Table 3.3 Demographic and socioeconomic factors associated with TB

awareness in Nepal, 2016

Variables TB Awareness Odds Ratio (95% CI)
Age group
15-24 1.00 (ref)
25-35 1.57 (1.19-2.08) **
35-49 1.61 (1.15-2.26) **
Gender
Male 1.00 (ref)
Female 1.46 (1.05-2.04) *
Wealth quintile
Poorest 1.00 (ref)
Poorer 1.74 (1.25-2.42) **
Middle 2.06 (1.44-2.94) ***
Richer 1.64 (1.14-2.36) **
Richest 3.46 (2.05-5.84) ***
Education
No formal education 1.00 (ref)
Primary education 1.48 (1.10-1.99) *
Secondary education 5.36 (3.76-7.65) ***
Higher education 16.19 (8.04-32.58) ***
Owns a mobile phone
No 1.00 (ref)
Yes 1.66 (1.30-2.10) ***
Province
Province 6 (Karmali) 1.00 (ref)
Province 1 (Not determined) 0.87 (0.49-1.57)
Province 2 (Not determined) 0.79 (0.45-1.41)
Province 3 (Bagmati) 1.42 (0.74-2.71)
Province 4 (Gandagi) 1.21 (0.63-2.31)
Province 5 (Lumbini) 2.24 (1.26-3.97) *
Province 7 (Sudurpashchim) 0.84 (0.48-1.50)

TB: Tuberculosis. * p < 0.05; ** p <0.01; *** p < 0.001.

The odds of TB awareness among people in the richest quantile was 3.46

(95% CI12.05-5.84) times higher compared to those in the poorest wealth quantile.

In addition, the middle wealth quantile was also significantly related to TB

awareness (OR 2.06, 95% CIl 1.44-2.94). Respondents with higher education

had significantly higher TB awareness (OR 16.19, 95% CI 8.04-32.58). Similarly,
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people with secondary level education had 5.36 (95% CI 3.76—7.65) times higher

odds of being aware of TB compared to those with no formal education. Owning

a mobile phone was significantly associated with TB awareness. Individuals

owning a mobile phone had 1.66 (95% CI 1.30-2.10) times higher odds of being

aware than those who did not own a mobile phone. Participants residing in

province 5 were 2.24 (95% CIl 1.26-3.97) times more likely to be aware of TB

than those residing in province 6, which has the lowest proportion of TB

awareness (Figure A3.1).

3.4 Discussion

The prevalence of bacteriologically confirmed TB cases in Nepal

increased from 374.5/100,000 population between 2003 and 2018 to 416.3 in

2019 [22,23]. It is likely that poor TB awareness delays treatment-seeking,

resulting in TB prevalence increase, rather than other factors such as accessibility

or economic constraints [24]. Hence, why to reduce the prevalence of TB, it is

essential to increase TB awareness at national and subnational levels in Nepal.

We examined the relationship between socioeconomic factors and awareness of

TB at the national and subnational levels in Nepal. The results of our analysis
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indicated that wealth quintiles, education level, owning a mobile phone, and

region of residence were significantly associated with higher TB awareness in

Nepal. People in the richest quintile have two times higher odds of being aware

of TB compared to those in the poorest wealth quintile. This could be because

the people in the richer and richest wealth quintiles tend to have better access to

information and knowledge about TB symptoms than those in lower quintiles (the

poorest and poorer).

Similar results were obtained from the studies conducted in neighboring

countries such as Pakistan and India [13,25]. In the case of Pakistan, it was found

that more than half of households living in rural areas were of low socioeconomic

status and had limited access to TB healthcare services [13]. Likewise, people of

poor socioeconomic status in India—in particular, those living in poverty—were

found to have a higher risk of an increased number of TB cases than those of

higher socioeconomic status, partly because of lower access to quality healthcare

services [25]. Nepal is a low-income country and 25% of its population lives below

the poverty line [26,27]. People living in rural areas face a greater risk of delayed

TB healthcare and treatment due to poor TB knowledge and limited access to

basic health facilities [15,16].
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Based on our findings, people who have completed secondary or higher

education have more than five times higher odds of being well informed about TB

compared to those without any formal education. This could be because people

with secondary or higher education are more proactive about acquiring health

information and are more concerned about their health than those without formal

education [12,17]. According to some recent studies, people with a high

education level know the symptoms of TB and recognize TB as a curable disease

[11]. In addition, it has been found that there is a significant correlation between

high school completion and TB knowledge in Africa [12]. Those findings support

our result and suggest that a high socioeconomic status together with a high

education level is strongly correlated with TB awareness and knowledge in LMICs.

People who own a mobile phone have 1.6 times higher odds of having awareness

of TB compared to those who do not own a mobile phone. Due to increased

affordability, mobile phone ownership has grown in LMICs [28]. It is estimated

that around 81% of the total population of Nepal own mobile phones, which are

now the most common information and communication devices [18].

Moreover, Nepalese mobile-cellular subscriptions per 100 inhabitants

were estimated as 111.7 in 2017, the same level as in high-income countries [28].
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Due to this access, there is considerable potential for the use of mobile phones

in TB healthcare systems. Examining digital health and information and

communication technology (ICT), Lester et al. [29] found that improvement of TB

care adherence by using smartphones to communicate with patients may be an

effective support for healthcare systems in LMICs. A case in point: in Cambodia,

97% of mobile phone users with TB can access TB health facilities in targeted

intervention areas [30]. The growth of mobile phone use in relation to the health

system offers a life-enhancing opportunity in LMICs, particularly for people of low

socioeconomic status [31]. Planning better community engagement with digital

communication tools for infection control is an important challenge [32], but it is

necessary to understand the ICT for community-based adaption to health

systems in LMICs because of resource limitations [33]. The utilization of

smartphones in this context offers potential benefits such as supporting frequent

communication and facilitating remote advice for patients, to provide faster, more

accessible and more affordable TB healthcare information [2,8]. The diffusion of

mobile phone usage in healthcare systems increases the need to understand that

it is essential to enhance communication between healthcare providers and

people with TB. Our findings indicate that using mobile phones to increase TB
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awareness could be an effective strategy to support a community-based

healthcare approach to eliminating TB at the national and subnational levels in

Nepal.

The region of residence variable was also significantly associated with

the level of TB awareness. For instance, Table 3.2 indicated that province 3, 4,

and 5 have the highest level of TB awareness; Table 3.3 showed that people living

in province 5 are twice as likely to be aware of TB than those living in province 2,

which has the lowest level of TB awareness among all provinces. One of the

reasons for that difference could be the fact that several TB programs have been

implemented by international non-governmental organizations, such as the TB

health support provided by the Japan International Cooperation Agency (JICA),

starting from 1987. The final development phase by JICA was conducted from

2000 to 2005, focusing development assistance on provinces 3 (Kathmandu) and

5 (Rupandehi). Through a JICA assistance project, Japanese health experts

provided technical training to medical workers to improve their healthcare skills

at a Directly Observed Treatment Short-Courses (DOTs) center and sub-

healthcare centers in provinces 3 and 5 [34]. JICA’s TB health assistance report

found that a multi-dimensional approach to decrease the burden of TB has the
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potential to support quality TB healthcare services in the local communities in

Nepal [35]. Several orientations and workshops were conducted, for medical staff

and mother’s groups, in provinces 3 and 5 through JICA’'s TB project [34].

Resulting changes in those people’s behavior toward TB are supportive of a

holistic and community-centered approach in healthcare systems led by

workshops. It is proposed that people aware of TB who are living in provinces 3

and 5 could facilitate others’ TB awareness for several years.

Further development assistance projects may also be conducted to

maintain TB health at a community level; this needs to be factored into the

complex situation. Another reason for greater awareness in province 3 could be

the fact that it is urbanized. The capital city of Nepal is located in province 3, along

with many other cities with a high number of healthcare facilities. Indeed, patients

with TB in province 3 have the highest TB treatment success rate (94%) thanks

to the high number of healthcare facilities, including TB treatment centers, DOTs

centers and TB laboratories, compared to other provinces [23]. From the above,

it is evident that living in an urban area is one of the factors associated with TB

awareness in Nepal.
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This research faced the inevitable problem related to household survey

analysis: participants whose information was not complete were excluded from

the study. Moreover, the analysis on TB awareness behavior of the participants

without a mobile phone (23.2%) may not be covered appropriately. This gap

should be filled with further investigation. Most importantly, people aged 49 and

over were excluded from our study because of data limitations. This exclusion

could have led to an overestimation of the TB-aware population, if older citizens

were less likely to be aware of TB. Secondly, TB awareness could be influenced

by several factors including those related to distance from healthcare facilities,

attitude of service providers, and disease complications. However, due to limited

data availability, we could not include and analyze those factors. Finally, several

TB awareness programs were conducted in different regions of Nepal, which

could have affected regional awareness. A thorough analysis of TB programs

based on residents’ affordability could enhance the findings of this study in the

future.
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3.5 Conclusion

Our study examined the demographic and socioeconomic factors

associated with TB awareness at the national and subnational levels in Nepal.

The results of the study highlighted that socioeconomic determinants such as

wealth quintile, level of education, and owning a mobile phone were significantly

associated with TB awareness at the national and regional levels. The high level

of awareness at a regional level emphasizes the importance of formulating

tailored strategies to increase TB awareness. The use of mobile phones could be

an effective strategy to promote TB awareness at a regional level. The policy

implementation of a mobile-focused approach for medical infrastructure could

improve TB awareness and access to treatment, effectively and affordably. This

study provides valuable evidence to support further research on the contribution

of ICT usage to improving TB awareness in Nepal. Further research is required

to understand the possible mechanisms that affect the underlying factors

determining TB awareness in the context of Nepal, to help to promote and support

TB elimination in Nepal.
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-
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Figure A3.1 Factors associated with TB awareness
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Chapter 4
Cost-benefit analysis of pre-entry tuberculosis

screening policy: Nepalese and Japanese perspectives

4.1 Introduction

Respiratory infections are now a major health concern worldwide with the
most serious recent lung infection coronavirus disease (COVID-19), declared by
the World Health Organization (WHO) a public health emergency of international
concern (PHEIC) in January 2020 [1]. Equally threatening, tuberculosis (TB), a
respiratory tract infection [2], was declared a global health emergency in 1993 [3].
Up to 2019, TB remains the world’s biggest infectious killer, taking more than 1.5
million lives in 2018 [4]. Despite efforts to eliminate TB, countries with low
incidence of TB experience high concentrations of cases in at-risk groups as a
result of cross-border migration related to globalization [5]. High-income countries
are now concerned about TB morbidity and mortality, mainly the result of the
arrival of individuals born in low income countries with high TB burden [6]. The
WHO TB framework End TB by 2035 has identified migration by individuals

infected with TB as a priority target for action in low incidence countries [7].
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In the past few decades, Japan has been receiving increased numbers of

migrants, including visitors, students, and workers from overseas. In 2019, the

total number of migrant workers from Nepal in Japan was 91,770, making

Nepalese third largest migrant group an increase of 12.5% over the previous year

[8]. In 2019, Nepal was designated the first country to sign an agreement with

Japan for specific-skilled migrant workers, aimed at greater transparency under

Japan’s immigration control and refugee recognition act [9]. Although good

connections and friendship have been established through development projects

for health, education, and tourism between Nepal and Japan [10], the number of

migrant workers with TB has increased steadily in recent years [11]. In 2018,

1,667 foreign-born migrants with TB were reported in Japan, accounting for

10.2% of Nepalese migrant cases [12]. In fact, the yearly increase in number of

Nepalese TB cases could increase the number of newly identified TB cases in

the native Japanese population [13].

Studies indicate that to reduce the number of active TB cases among

incoming migrants a pre-entry TB screening program is essential [14]. However,

Japan has not implemented a mandatory pre-entry TB screening policy for

applicant migrants as part of its visa application process, because a pre-entry
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screening requirement for all migrants would inflict an economic burden on

migrants and their home countries, and could even damage the general

population's health due to exposure.

Nevertheless, due to the seriousness of the issue of migrants with TB, the

Japanese government finally decided to introduce a TB pre-entry screening

requirement for middle- to long-term applicants from countries with a high number

of TB cases (China, Indonesia, Myanmar, Nepal, the Philippines, and Vietnam),

effective 2020 [15]. However, that action is insufficient in light of the estimated

economic impact of the pre-entry TB screening policy on social cost. This study

examined the expected cost and benefit of pre-entry TB screening policy on both

Japan and Nepal for the period 2014-2018. The aim of that assessment is to

support confidence-building and achieve mutual value for the partner countries.

4.2 Methods

4.2.1 Policy scenarios for analysis

Due to the increased number of TB patients in Japan from high-risk TB

incidence countries, Japanese government policy requires pre-entry TB

screening to identify migrants with TB [15]. TB screening for migrants is
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implemented as a mandatory part of the visa application procedure targeting five

high-burden TB incidence countries, including Nepal [16]. In Figure 4.1, the left

flow presents the with policy implementation scenario, where visa applicants

should undergo TB screening in their country of origin. TB screening includes a

general health check-up (health background check, physical examination, and

chest radiography (CXR)), in line with the Japanese Pre-entry TB Screening

(JPETS) procedure [17]. Mycobacterium tuberculosis analysis of three sputum

smears and a culture examination are required if the results of the general health

check-up suggest active TB. TB diagnosed applicants are not allowed entry into

Japan until completion of TB treatment in line with WHO treatment guidelines, as

well as the national TB protocol. Applicants are required to provide including

appropriate certification that they are free of TB.

The right flow in Figure 4.1 presents the current without policy

implementation scenario, where clinical TB screening of migrants is conducted

within Japan. If the migrants present initial TB symptoms, they take a basic TB

clinical examination as part of a general health check-up at clinic or hospital which

ensure whether the patient has a suspected TB infection. The migrants must take

a Mycobacterium tuberculosis examination of three sputum smears if TB infected.
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If the sputum test or Polymerase Chain Reaction (PCR) perform positive and the

migrants is diagnosed with TB, the physician sends the resident to a TB-specific

medical facility or hospital for TB treatment to completion as specified in Japan’s

TB treatment protocol.

TB screening involves
health interview,
physical examination
and chest
radiography (CXR)

Sputum examination
consists of
microscopic
examination of a
sputum smear. The
smear microscopy will
detect 61.97% of
positives. (Sensitivity
in Nepal)

I Nepalese perspective l

- ]
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in an approved panel
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minimum 6 months

T8 positive ) (
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Figure 4.1 Policy scenario: TB screening procedure in Nepal and Japan
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The expected impacts of pre-entry TB screening policy were assessed

using cost-benefit analysis approach. The analytical period was set within one

year of each of 2014 to 2018, when the pre-entry TB screening policy still had not

been introduced. In this CBA, total cost, total benefit and net benefit for Japan
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and Nepal were measured and these values for “with pre-screening policy”

scenario and “without pre-screening policy” scenario are compared. Cost is

measured as the fees for TB screening testing of migrants and TB treatment of

patients with TB. Benefit is measured as the avoidance of capacity loss (wage X

labor) of foreign migrants with TB through by means of incidence risk reduction.

Finally, the sensitivity analysis is conducted by Monte Carlo simulation. From

Japan’s perspective, costs are covered by Universal Health Coverage (UHC),

which provides effective coverage performance for improving health outcomes

and reducing patients cost via equitable health services for all [18,19]. Japan

publicly funded TB healthcare enables patients with independent residency and

national health insurance status to access healthcare services, and the cost of

TB-related healthcare services is fully subsidized [20,21]. On the other hand, in

Nepal, individuals have to pay the full cost of health services because of

insufficient coverage UHC, with some exceptions [22].

4.2.3 Estimation of active TB population

The target population of this study is foreign-born migrants who plan to

acquire Foreign Resident status by first applying for a visa for middle- to long-

term duration of stay in Japan [9]. The foreign residents with TB include those
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with permanent, study abroad, technical intern, migrant, accompanying family,

Japanese spouse, and others Japanese residence status [12]. Data on foreign

residents to Japan and on TB cases in Japan were collected from the Legal Affairs

Bureau Japan and the Tuberculosis Surveillance Center Japan, respectively. TB

Incidence data of Nepal are sourced from Nepal Demographic and Health Survey

and Annual Report by Nepal’s Department of Health Service (DHS) [23]. The

cumulative incidence of TB as an annual figure was calculated by dividing the

total population by the number of TB patients predicted under policy

implementation during the study period.

For estimation of the active TB population in Japan under the policy of

pre-entry TB pre-screening diagnostic tests, the screening test sensitivity ratio is

a key prediction value. The ratio is defined to be the number of true positive cases

divided by the number of all positive predictive cases (PPV). TB diagnosis

depends on the result of sputum smear microscopy test, which can detect either

smear-positive or non-infectious [24]. We estimate the predicted active TB

population with the screening test sensitivity ratio. Kurumi et al. [25] found the

screening test sensitivity ratio of sputum smear microscopy test in Nepal to be

62% in 2016. The sputum smear microscopy test is low cost and easy to perform,
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even in developing countries, while only a few PCR screening methods have

been made available in Nepal’s health facilities since 2015 [26]. On the other

hand, the sensitivity of smear microscopy performance in Japan is around 72%

[27] while the PPV of PCR is over 95% [28]. Thus, we adopted PCR as the test

for Japan. Detailed statistical formula is described in supplementary Method 1-1.

4.2 .4 Present Condition

In our calculations of the population under the without-policy scenario (i.e.

testing conducted in Japan) we used number incidence of TB based on data

provided by the Tuberculous Research Institute. In the Japan with-policy scenario,

total possible active TB population equals the number of TB false-negative cases

in screening tests in Nepal. The difference in predicted active TB cases between

with-policy and without-policy can be estimated as the number of active TB cases

prevented by implementation of the policy.

Likewise, under the with-policy scenario (i.e. testing conducted in Nepal),

the screening test sensitivity ratio was 62%, indicating that 62% of TB population

could be detected without entering Japan; while 38% of the TB population was

false negatives and was allowed entry to Japan. Our analysis predicts the total

possible active TB population in Japan without policy by dividing the number of
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total TB cases detected in the screening tests by the screening test sensitivity

ratio to estimate the number of TB patients in the active TB population (including

false negatives). In the assumption of the transmission rate, there is no specific

number for transmission rate, we thus calibrated from serial interval (Sl), which

is widely used in describing transmission of an infectious disease. The

transmission 150% is computed from the average Sl (1.5) from 56 publications,

while removing the outliner [53,54].

From the Japanese perspective, the size of the active TB population is

calculated as (Nepalese resident with TB in Japan/Screening test sensitivity ratio

[95%]) % transmission rate [150%] in the without-policy scenario; and (Nepalese

resident applicants to Japan Xincidence rate in Nepal/Screening test sensitivity

ratio [62%]—Nepalese resident applicants to Japan X Incidence rate in Nepal) X

transmission rate [150%] in the with-policy scenario.

From the Nepalese perspective, there have been active Nepalese TB

cases in Japan, and thus no direct benefit for Nepal in the without-policy scenario;

the size of active TB population is calculated as (Nepalese resident applicants to

Japan Xincidence rate in Nepal / Screening sensitivity test ratio [62%]—False

negative cases) X transmission rate [150%)] in With-policy scenario.

85



4.2.5 Expected impact on the cost and benefit

The expected impact of the different hypothetical policy scenarios can be
measured by comparing cost and benefit of “with policy” and “without policy” for
both Japan and Nepal (Figure 4.2). There are two national perspectives, with-
policy and without-policy. Thus, we have a prediction of the outcomes of the two
scenarios, in terms of cost, benefit, and net benefit (benefit minus cost) monetized

in local currency with consideration of inflation rate.
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4.2.6 Cost of TB screening test

The full cost is presented as local prices in US dollars with inflation and

the exchange rate of each year, according to Financial Statistics of the

International Monetary Fund (IMF) [29]. All costs were reported within each year

from 2014 to 2018 as total social cost from each national perspective. The data

for Japanese local cost including cost of TB screening and treatment is taken

from National Database (NDB) [30]. TB test prices in Nepal are drawn from the

guidance for TB testing by UK [31], and treatment cost is quoted from Gurung et

al. [32]. Costs of TB testing and treatment reflect the different approaches to

screening and treatment under WHO guidelines for treatment criteria and

National TB methodology. The screening cost consists of general health check-

up, examination of three sputum smears, PCR, chest radiography, and

standardized basic clinical TB examination. Indirect costs of transportation,

caregiver or health worker time, etc. are not within the scope of our analysis [33].

4.2.7 Cost of TB treatment

The cost of the TB treatment drug regimen is calculated as the total

number of tablets required for six months’ treatment with the first-line drugs

specified in both the WHO guideline and national TB methodology. The first-line
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drugs include Rifampicin (RFP), Pyrazinamide (PZA), Isoniazid (INH), and

Rifabutin (RBT), as per the 2018 Japanese TB treatment guideline [34]. We

calculated the cost of these drugs taken three times a day for six months; pre-

treatment phase to the intensive period as the TB treatment in Nepal [32].

4.2.8 The benefit by avoidance of capacity loss

Cost of TB treatment includes medical expense, income and time loss

resulting from undertaking TB treatment for a minimum of six months. The

treatment requires that the patient be isolated, which would reduce the patient’s

income [35]. In that light, the assumption of benefit considers the avoidance of

capacity loss by both patient and nation through incidence risk reduction via

policy implementation. We estimate average monthly wages in Japan using

sectoral data from the Ministry of Health, Labour, and Welfare in Japan [36], and

in Nepal using monthly GNI per capita obtained from IMF [37] (constant LCU:

local currency unit for one year).

Our primary estimation of the net present value (NPV) of implementation

of the policy equals the difference between the present value of the social benefit

(PVsb) and the present value of social cost (PVsc). From the Japanese

perspective, NPV = 0—Total implement fee —Total capacity loss; while form the
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Nepalese perspective, NPV = 0—Incremental test fee —Total treatment fee —

Total capacity loss. In that light, we need to estimate the impact of implementation

of policy as an incremental net social benefit (NSB) = Net benefit in With-policy

scenario — Net benefit in Without-policy scenario. We provide the statistical

formula in more detail in supplementary Method 1-2.

4.2.9 Sensitivity analysis

The NPV is likely uncertain due to changes in the value of key input

parameters, uncontrollable factors of epidemics, such as the chance of infecting

other people could affect the benefit and cost that would be anticipated by the

proposed policy. In Monte Carlo simulation of TB transmission impact, the

probability of distribution in the population is a key input parameter for all essential

uncertain quantitative estimations. For instance, the interval of sensitivity analysis

in Cyprus presented 0—10% and 10-25% [14]. Given the fact of large economic

impacts such as inflation, deflation and unemployment rate in Nepal and Japan,

WHO key facts suggest that people carrying TB bacteria have a 5-15% chance

of falling ill with TB [38]. We thus calibrate the parameters of increase and/or

decrease of the incidence of TB probability over the intervals 0-15% and 15-30%.
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4.2.10 Conceptualization toward burden sharing

The With-policy scenario requires Nepal to take on the additional costs of

TB screening test of migrants to Japan. In high burden TB countries, out-of-

pocket (OOP) expenditures have accounted for at least 45% of total health

expenditures [39], and more than 50% in Nepal [40] due the absence of UHC [41].

They are suffering increased health-related financial difficulties in terms of OOP

expenditure and access to healthcare. The catastrophic cost of healthcare (i.e.

TB detection, care and treatment) in high TB burden countries called for

affordable TB-specific interventions and sustainable mechanisms for financing

those interventions, as well as progress under UHC [42]. Thus, it would be more

equitable to develop a methodology of burden sharing so as to consider the net

benefit of Japan and Nepal in calculations of appropriate share of investment

transfer, so as to maximize Nepal's incentive to develop public health

infrastructure for TB screening tests, care and treatment for disease prevention

and control.

4.3 Results

The predicted numbers of active TB cases and NSB for workers/students
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(2014 to 2018) in Japan and Nepal are shown in Table 4.1. For Japan, the

predicted number of active TB cases increased for both with- and without-policy.

Still, the percentage of active TB cases among students is higher than that among

workers. Significantly, the outcome of fewer cases of active TB in the With-policy

case constitutes reduction of active TB incidence risk. In addition, increased

worker NPV under the TB screening policy in 2014 was estimated at USD 1.12

million and increased to USD 3.00 million in 2018. In turn, the result of the

increase of student NPV was a positive, USD 1.92 million in 2014, and grew

substantially to USD 2.90 million in 2018. The increase in NPV was greater than

zero, which implies that the implementation of the TB screening policy in

Japanese society could produce a significant benefit in terms of prevention of

increased number of cases of active TB. For Nepal, the predicted number of

Nepalese with active TB increased, with student incidence greater than that for

workers. Student NPV decreased from —USD 3.93 million in 2014 to —USD

8.11 million in 2018, where pre-entry TB screening policy was implemented. Total

NPV for Nepal was negative due to the total cost being higher than the benefit

(capacity loss), which indicates the imposition of the burden of direct cost,

including testing and treatment costs, on Nepalese society.
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Table 4.1 Number of predicted active TB cases and net social benefit for

workers/students in Japan and Nepal

Perspective within Japan

TB pre-screening Policy Population ' . Incremental net benefit
. Total cost Total benefit Net benefit i )
(Worker) (Active TB Cases) (With - Without)
2014 45.71 usD 621,528 usb -929,572 USD  -1,551,100 USD NA
2015 71.45 usD 847,293 UsD -1,285992 USD -2,133,285 USD NA
without policy (Current) 2016 80.84 usD 1,068,189 uUsb -1,597,162 USD -2,665,351 USD NA
2017 120.32 usD 1,541,281 Usb -2,328,357 USD -3,869,637 USD NA
2018 114.16 usD 1,485,082 USD -2,254,007 USD -3,739,088 USD NA
2014 12.68 usD 172,443 usb -257,910 USD -430,353  USD 1,120,747
2015 14.89 usD 176,625 usb -268,076  USD -444,701  USD 1,688,584
with policy (Proposed) 2016 16.86 usD 222,791 usb -327,831 USD -543,827  USD 2,040,236
2017 19.64 usD 251,536 usb -376,097 USD -627,633  USD 3,242,004
2018 22.31 usD 290,189 usb -440,438 USD -730,627 USD 3,008,462
TB pre-screening Policy Population Total cost Total benefit Net benefit Incremental net benefit
(Student) (Active TB Cases) (With - Without)
2014 91.58 usD 1,245,203 uUsb -1,862,355 USD  -3,107,557 USD NA
2015 96.32 usD 1,142,207 uUsb -1,733,602 USD -2,875,809 USD NA
without policy (Current) 2016 129.47 usD 1,710,771 USD -2,557,955 USD -4,268,726 USD NA
2017 134.21 usD 1,719,276 USD -2,597,248 USD -4,316,525 USD NA
2018 150.00 usD 1,951,353 USD -2,961,696 USD -4913,049 USD NA
2014 34.82 usD 473,500 usb -708,178 USD  -1,181,678 USD 1,925,879
2015 40.90 usD 484,984 usb -736,091 USD  -1,221,075 USD 1,654,734
with policy (Proposed) 2016 46.30 usD 611,746 usb -914,687 USD  -1,526,433 USD 2,742,294
2017 53.92 usD 690,675 USD -1,043,377 USD -1,734,052 USD 2,582,473
2018 61.25 usD 796,809 Usb -1,209,370 USD -2,006,179 USD 2,906,869

Perspective within Nepal

TB pre-screening Policy Population i ) Incremental net benefit
Total cost Total benefit Net benefit
(Worker) (Active TB Cases) (With - Without)
2014 NA 0 0 0 0
2015 NA 0 0 0 0
without policy (Current) 2016 NA 0 0 0 0
2017 NA 0 0 0 0
2018 NA 0 0 0 0
2014 20.73 usbD 3,094,977 usb -2970 USD  -3,097,947 USD -3,097,947
2015 24.25 usD 3,953,348 usb -3,397 USD  -3,956,745 USD -3,956,745
with policy (Proposed) 2016 27.45 usD 4,782,953 usb -3,660 USD -4,786,612 USD -4,786,612
2017 32.00 usD 5,922,683 usb -4,673 USD  -5927,356 USD -5,927,356
2018 36.51 usbD 6,575,916 usb -5290 USD  -6,5681,205 USD -6,581,205
TB pre-screening Policy Population Total cost Total benefit Net benefit Incremental net benefit
(Student) (Active TB Cases) (With - Without)
2014 NA 0 0 0 0
2015 NA 0 0 0 0
without policy (Current) 2016 NA 0 0 0 0
2017 NA 0 0 0 0
2018 NA 0 0 0 0
2014 56.93 usb 3,929,613 usb -8,155 USD  -3,937,768 USD -3,937,768
2015 66.60 usb 4,932,007 usb -9,328 USD  -4,941,335 USD -4,941,335
with policy (Proposed) 2016 75.36 usD 5,883,405 usb -10,049 USD  -5,893,454 USD -5,893,454
2017 87.87 usbD 7,264,374 usb -12,830 USD  -7,277,204 USD -7,277,204
2018 100.24 usbD 8,100,501 usb -14,524 USD  -8,115,025 USD -8,115,025

Note: Exchange rates based on the average rate according to IMF Statistics
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We applied 0-15% and 15-30% sensitivity analysis in a Monte Carlo

simulation as the secondary transmission rate on incremental NPV for both

perspectives in order to address parameter difference uncertainty. The NPV for

Japan increased depending on the TB incidence rate in each interval on the

transmission scale. When a high 15% increase in TB transmission rate might

indicate a high risk of becoming infected, the output would increase student NPV

from USD 2.07 million to USD 3.12 million for 2018 (Table 4.2). In contrast, the

negative value of NPV distribution among Nepalese students increased to —USD

8.72 million in 2018 (Table 4.3)—very costly when the risk of transmission rates

increased by more than 30%. We provide calculation formula and results in

Figure S4.1 and Figure S4.2 in more detail in Supplement section.

Table 4.2 Sensitivity analysis of net present value in Japan (Unit: USD)

Worker (-) 30% (-) 15% 0% (+) 15% (+) 30%
2014 869,669 1,039,732 1,120,747 1,206,542 1,374,137
. 2015 1,310,295 1,566,522 1,688,584 1,817,849 2,070,357
Incremental net benefit
. . 2016 1,632,969 1,952,296 2,104,416 2,265,514 2,580,206
(With - Without)
2017 2,515,707 3,007,652 3,242,004 3,490,188 3,974,993
2018 2,334,484 2,790,991 3,008,462 3,238,767 3,688,648
Student (=) 30% (=) 15% 0% (+) 15% (+) 30%
2014 1,494,430 1,786,665 1,925,879 2,073,310 2,361,303
. 2015 1,284,028 1,635,120 1,654,734 1,781,408 2,028,855
Incremental net benefit
i . 2016 2,127,945 2,544,063 2,142,294 2,952,223 3,362,302
(With - Without)
2017 2,003,928 2,395,796 2,582,473 2,780,167 3,166,347
2018 2,255,651 2,696,743 2,906,869 3,129,397 3,564,087
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Table 4.3 Sensitivity analysis of net present value in Nepal (Unit: USD)

Worker (=) 30% (-) 15% 0% (+) 15% (+) 30%
2014 2403006  -2,875395 3,097,947  -3330,523 3,796,234
2015  -3069,156 3,672,498  -3956,745  -4,253794 4,848,608
Incremental net benefit
e 2016  -3712,864 4,442,748 4786612  -5145963  -5865,530
(With - Without)
2017 4597713 5501542 5927356  -6,372,346  -7,263,400
2018 5104889  -6,108420  -6,581,205  -7,075283  -8,064,630
Student (—)30% () 15% 0% (+) 15% (+) 30%
2014 3054436 30654884 3937768 4233392  -4,825353
| lnotboneiy 2015 3832879 4586356 404133 5312301 6055127
nerementalnetbenelit o016 4571416 5470076 5893454  -6,335900  -7,221,857
(With - Without)
2017 5644759  -6,754419 7277204  -7,823533  -8,917,508
2018 6294637 7532052 8115025 8724253 9,944,177

The scenario results show that the implementation of pre-entry TB

screening for applicants for Japanese visas could involve significant cost for

Nepal (Figure 4.3). We provide Table A.1 and Figure A.1 in more detail in

supplementary Result 2-3.

Worker Student
2018 I 015 [
2017 I 2017 [ |
2016 [ — | 2016 | oveee— |
2015 I | 2015 [ |
2014 | 2014 |
-10,000,000 -5,000,000 0 5,000,000 10,000,000 110,000,000 15,000,000 0 5,000,000 10,000,000
® Nepal W Japan H Nepal W Japan

Figure 4.3 Net present value for Nepalese workers and students in Nepal and

Japan (Unit: USD)
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As shown above, Nepal bears a much heavier burden than Japan.

Significantly, the difference in NPV is counterbalanced by the burden of cost

allocation, which is accentuated by the huge economic gap between two

countries. Level of fiscal burden should be taken into consideration under a fair

sharing mechanism between collaborating countries. Although, methods for

determining burden-sharing rate for global health aid projects have not yet been

developed, our net benefit scenario results could be considered as a net benefit

contributing to health equality.

4.4 Discussion

4.4 1 Policy implications

Assessment of Nepal's and Japan's expected costs and benefits of

resulting from Japan’s pre-entry TB screening policy implementation for

prospective Nepalese residents of Japan should be conducted with consideration

of social value in terms of monetization. Our multi-dimensional evaluation

simulates empirically scenarios reflecting both perspectives, so as to examine the

potential outcome of implementation of the new policy design in Japan.

Specifically, our approach measures the social values of pre-entry TB screening
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strategy. The simulation suggests that pre-entry TB screening would have

prevented about 181 active TB cases in Japan for 2018, and would in turn have

reduced TB screening costs and worker capacity loss—welcome outcomes from

the Japanese perspective. This encores that the appropriate pre-entry TB

screening policy for that group has been discussed [43], would contribute to the

prevention, and eventually elimination, of TB in Japan.

Overseas LTBI screening and treatment for refugees and foreign-born

residents in the US could serve as a model for the reduction of active TB by

domestic health prevention management [44]. Current TB cross-border

management issues are inadequate for TB incidence risk reduction, infection

control, collaboration, and the sharing of global data [45]. The reduction of risk of

TB incidence is recommended as a policy-based practice within public health

emergency management at every level. National health prevention and disease

control could serve as health emergency management instruments in

neighboring countries vis-a-vis trans-border migration.

Due to weak public and global health emergency management and the

increasing number of foreign residents with TB worldwide, cross-border infectious

disease transmission is now a major human security concern, even threatening
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international peace and security [46]. Human security is now recognized in Japan

as a central concern; Japan must promote social resilience through international

health cooperation [47]. Our scenario results estimate that pre-entry TB screening

testing within Nepal could have been identified 137 TB cases among 42,346 visa

applicants from Nepal in 2018; those individuals could have undergone TB

treatment in Nepal until issued TB-free certificates.

Although pre-entry TB screening strategy could contribute to the

establishment of aggressive TB screening and treatment in Nepal, it could have

a negative impact on TB-related expenditure for households with insufficient

healthcare coverage [48]. WHO's End TB strategy identified reduction of TB-

affected household expenditures as a priority means of preventing catastrophic

economic costs of TB in low income countries [49]. The implementation of TB

screening pre-entry to Japan would reduce TB incidence risk, and early TB

diagnosis prior to entry to Japan would ensure elimination of a substantial

proportion of detected TB cases.

In Japan, there remains little evidence of sufficient awareness within the

target population (Nepal) of TB control, prevention and treatment. The target

population diagnosed with TB could be subjected to considerable disease-related
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burden, including loss of income, discretionary time for TB care, and treatment

cost difficulties related to lack of health coverage. Fair sharing of net benefits as

public goods is likely to improve health equity, assuming cooperation by

developing countries [50]. According to some empirical studies, the burden-

sharing required to achieve the global health target will call for large efforts by

multi-stakeholders [51]. The outbreak of the Covid-19 global pandemic has

confirmed that policy implementation reflecting migrant home and destination is

indispensable for a resilient public health system and infrastructure for financing

holistic health diplomacy development [52].

4.4.2 Limitations and future perspective

TB has been designated an infectious disease by law in Japan, with

provision of full coverage of treatment costs. In the absence of such system for

Nepal, measures of willingness to pay and shadow price to estimate the value of

a statistical life (VSL) are not applied in this study. Moreover, due to the lack of

precise reference for the TB transmission rates in Nepal and Japan, the rough

assumption in this study may constrain the accuracy of consequences.

Nevertheless, this study clarifies the relationship between economic

impact and Japanese pre-entry TB screening policy aimed at the elimination of
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TB. The empirical estimates elucidate the spillover effect from health system

reinforcement through international collaboration, while technology application is

expected to enhance the interpretation of the change from the value chain in the

both countries.

Regarding the public health impact of infectious disease exacerbated by

cross-border issues, implementation of the policy would enhance the effect of TB

incidence risk reduction and cost-saving by foreign born residents of Japan.

Migrant nations subject to the implementation of the policy, especially low-income

countries, would bear the cost of TB testing and treatment. Hence, establishing a

burden-sharing mechanism would generate a spillover effect on population health

and reduce vulnerability to financing shock for the migrant county, in turn

deepening the interdependence between Nepal and Japan in terms of inclusive

development for the elimination of TB.

4.5 Conclusion

This study estimated the expected policy implementation costs and

benefits of pre-entry TB screening testing and treatment targeting Nepalese born

residents of Japan, a high TB burden country. In order to give consideration to

the different perspectives on the policy implementation scenarios, we calculated
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the risks of TB incidence related to cost and benefit with transmission risks, as

measures of policy effectiveness in each country. We reason that effective TB

infection control could help reduce the output value of capacity loss, which would

in turn lead to cost-saving the implementation of pre-entry TB screening policy in

Japan. By identifying an optimal combination of expected cost and benefit, it

possible to give stakeholders various options for TB countermeasures both

nationally and internationally. Policy makers understand that it is vital to provide

information and guidance regarding the recognized impacts, considering different

perspectives, of this policy setting process. It should be noted that the simulation

framework could also be applied to the design of Covid-19 countermeasures.

4.6 Ethical and conflict of interest statement

We used secondary health data from the Nepal Demographic and Health

Survey and the Nepal Department of Health Services (DHS) Annual Report [23];

and from Japan’s Legal Affairs Bureau and Tuberculosis Surveillance Center. It

is not possible to identify individual health information of participants from the

data, so this study did not require ethical approval or conflict of interest

statements.

100



4.7 Supplement

4.7.1 Formula of target population

Fomula1: Target population (Japanese perspective)

Without policy (current, TB testing done in Japan)

POP[?"° = (POPIE /Screening test sensitivity ratio)x T
[ J

Total predicted newly diagnosed TB cases™

Where p = policy implementation (w: with policy / wo: without policy)

t =year
POPTB= foreign resident with newly diagnosed TB
i = Resident type of Nepalese resident in Japan (s: student / em: worker)
Screening test sensitivity ratio = 95%
T=Transmission rate = 150%
* False negative cases included

(POPZ}?: Nepalese resident with TB in Japan, sourced from Tuberculosis

Surveillance Center Japan)
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With policy (screening done in Nepal, costs borne by Nepal)

Total predicted newly diagnosed TB cases
[ |

incidence rate in Nepal

POP7" = (POPt,i X — POP,; X incidence rate in Nepal) x T

Screening test sensitivity ratio

[ J
Predicted newly diagnosed TB cases of applicants

Where p = policy implementation (w: with policy / wo: without policy)
t = year
i = Resident type of Nepalese resident in Japan (s: student / em: worker)
POPTB= foreign resident with newly diagnosed TB
POP = foreign resident applicants to Japan
Screening test sensitivity ratio = 62%
T = Transmission rate = 150%

*False negative cases included

(With 62% TB Screening test sensitivity ratio in Nepal, false negative cases will

be entering to Japan, and taking the test and treatment)
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Formula 2: Target population (Nepalese perspective)

Without policy (current)

There have been active Nepalese TB cases in Japan, therefore there is

no direct benefit for Nepal.

With policy (screening done in Nepal, costs borne by Nepal)

incidence rate in Nepal

POPIP™ = (POPL',L' X — False negative cases) xT

Screening test sensitivity ratio
| J

Total predicted newly diagnosed TB cases™

Where p = policy implementation (w: with policy / wo: without policy)
t = year
i = Resident type for Nepalese resident in Japan (s: student / em: worker)
POPTB= foreign resident with newly diagnosed TB
POP = foreign resident applicants to Japan
Screening test sensitivity ratio = 62%
T = transmission rate = 150%

* False negative cases excluded

(False negative cases will enter Japan and take the test and treatment in Japan)
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4.7.2 Formula of cost and benefit

Formula 3: Cost and benefit (Japanese perspective)

Test fee Treatment fee Capacity loss
| | 1o |
Net benefit™’ =0 — POPIE x F,,) + POP!E x F,.)| — POPIE x (—Wage) x 6
t ,t ,t ,
i t i t

— Net benefit""° = 0 — Z Z[Popgf x (Fyo + Fuy)| — POPTE x (~Wage) x 6
\ i t

) J
Total implement fee Total capacity loss

Where p = policy implementation (w: with policy / wo: without policy)
t = year
POPTB= foreign resident with newly diagnosed TB
i = Resident type for Nepalese resident in Japan (s: student / em: worker)
F = fee of (te: test / tr: treatment)

Wage = monthly wage
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Formula 4: Cost and benefit (Nepalese perspective)

Net benefit° = N.A.
(There have been active Nepalese TB cases in Japan, with all costs borne by
Japan.)

Incremental test fee Total capacity loss
1 [ ]

Net benefit = 0— POP, X Fy, — z Z[Popff X (Fy)| — POPIE x (-Wage) x 6
t

l
L J

Total treatment fee

Where p = policy implementation (w: with policy / wo: without policy)
t = year
POPTB= foreign resident with newly diagnosed TB
i = Resident type for Nepalese resident in Japan (s: student / em: worker)
F = fee for (te: testing / tr: treatment)

Wage = monthly wage
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4.7.3 Sensitivity test result in Japan (Unit: USD)

Worker Student
5,000,000 5,000,000

4,000,000 4,000,000
3,000,000 3,000,000 ,‘NJ
2,000,000 2,000,000 W
1,000,000 1,000,000
0 0
2014 2015 2016 2017 2018 2014 2015 2016 2017 2018
—(-) 30% —-) 15% —0% 15% —30% —(-) 30% —(-) 15% —0% 15% —30%

Figure S4.1 Sensitivity test of net present value for workers/students in Japan

4.7.4 Sensitivity test result in Nepal (Unit: USD)

Worker Student

-2,000,000 -2,000,000

/

-4,000,000 4,000,000

6,000,000 \\ -6,000,000

-8,000,000 8,000,000

~10,000,000 -10,000,000
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Figure S4.2 Sensitivity test of net present value for workers/students in Nepal
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Chapter 5

Conclusion

5.1 Concluding remarks

The pandemic of COVID-19 has increased societal interest in
epidemiology and global health. TB remains threatening under the intensified
circumstances and insufficient detective or treatment in developing countries.
The capture of the research trend is of helpfulness for identify the scope with
information for inclusive input or academic collaboration. In addition, the
understanding of utilization of ICT appliances at the local base demonstrated a
compact visualization for stakeholders to strengthen the policy more effectively.
Finally, the TB screening policy must be implemented in immigrant country to
ensure the control of TB inspection and the following medical treatment. With the
support of destination country, possible cases could be diagnosed at the pre-
entry stage to prevent the transmission risk. The global collaboration is essential
for the control and elimination of TB.

To specify the contribution of each chapter, we evaluated scientific

studies that have contributed to the achievement of global health in the context
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of TB eradication in the past two decades to better understand the trend of

research. In addition, we conducted a topic modeling analysis of qualitative article

data to obtain a comprehensive understanding of the characteristics of Japanese

TB scientific research in the context of national health policy, comparing with 15

countries. The results provide evidence that Japan has the most influential

academic publications of clinical research and medical trials related to patient

health care and treatment. Interestingly, a science mapping of topic communities

and country clusters, visualizing the characteristics and priorities of TB research

worldwide, revealed the strong independence of TB research in Japan in

particular. The mapping actually revealed some weaknesses of TB research in

Japan, while we could identify weaknesses in Japanese TB research regarding

the interrelationships between social factors that could influence health-seeking

behavior and the broader health care system and dynamics. In the future, it would

be desirable to improve the performance of analytical systems for the

identification of trends in medical titles in order to obtain higher validation results

from text mining studies.

The ICT-based TB awareness survey shed light on demographic and

socioeconomic factors associated with TB awareness at national and sub-
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national levels in Nepal. The regression results show that socioeconomic
determinants such as wealth quintile, education level, and mobile phone
ownership are significantly associated with TB awareness regardless of urban or
rural levels. The high level of awareness of TB at the community level
emphasizes the need to develop strategies to increase awareness of TB. Most of
all, the use of cell phones could be an effective strategy element for increasing
awareness of TB in rural townships or villages, which implies that implementing
policy regarding a mobile-oriented approach to health care infrastructure could
effectively and inexpensively increase TB awareness and access to treatment.
The findings provide stakeholders with valuable support for the need for further
research on the contribution of ICT use to TB awareness in Nepal. Further
research is required to achieve a full understanding of the mechanisms that could
influence the underlying determinants of TB awareness in the Nepalese context,
to support the work to promote and support TB elimination in Nepal.
Cost-benefit analysis of 2014-2018 TB diagnosis data for Japan
estimates that net present value (NPV) for Nepalese students increased from
US$1.9 million to US$2.9 million; and for Nepalese workers increased from

US$1.1 million to US$3.0 million. The increase in NPV is significantly greater than
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zero, and the implementation of this policy will benefit Japan in preventing an

increase in the number of new TB cases. The facts indicate that the

implementation of this policy may benefit Japan in terms of preventing an

increase in new TB cases. The projected number of newly diagnosed Nepalese

TB cases among foreign applicants for migration has increased. Nepal's NPV

was negative because the total costs exceeded the benefits, suggesting an

increased burden from the direct costs of TB. We thus conclude that

implementing a pre-entry TB screening policy for foreign migrants entering Japan

from Nepal, which has a high TB rate, could serve to reduce the number of newly

diagnosed cases of TB, including those at risk of infection through transmission,

and achieve both efficiency and cost reduction.

To sum up, the topic modelling method contributed our understanding of

how research could consolidate endowment in global health and national health

services. The most influential clinical research and medical trails in Japan can be

of fundamental value, and surely applicable, as they directly address clinical

problems and the provision of quality health services. Moreover, an

understanding of the determinants of public TB awareness in Nepal could

accelerate public sector identification of affordable and effective intervention for
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TB infection control, which would in turn prevent people from falling into poverty.

Finally, given the increasing interdependency of human resources across borders,

global collaboration may substantially strengthen resilience under epidemic

threats. Hence, newly developed evaluation methods can translate into

enhancement of global health policymaking practice, and in turn into the flow of

benefits and positive impacts to society.

For TB control, it is essential to combine medical, public health targets,

and socioeconomic interventions along with research and innovation that

embraces country-specific strategies for prioritizing TB research capacity.

Understanding the TB research priority help set up and strengthen a coordinating

body for collaborative TB research activities functional at global and national

levels. On the other hand, unfolding the social determinants of TB awareness and

access to TB assistance could significantly help stakeholders of the local

community identify the needs for medical support and thus effectively reduce the

diagnosis risk. Likewise, an evidence-based estimate on diagnostic service with

adequate health assisting networks and radiography, technology requirements,

and human resources is vitally important along with the international mobility

growth. To prevent the inadequate provision of medical treatment and specific TB

118



service packages with quality standards could lead an effective TB control across

countries. The cost-benefit analysis of the current state of health financing system

could reinforce UHC and its healthcare frameworks that substantially contribute

to the accuracy of ex-ante resource allocation. It is indispensable to ensure that

populations at high risk for TB reach early in the roll-out of schemes.

As indicated in the introduction chapter, for the final analysis, research

results focused on these three perspectives, to create knowledge of medical care

and drug development; to raise the awareness of prevention, diagnosis, and

treatment information to the general public; and to have effective boarder

measures to prevent the international spread of the infectious disease.

5.2 Research limitation and future prospects

Although we used three approaches to evaluate recent TB research,

these methods contain limitations in the scope of analysis. Systematic errors in

the combined dataset used for bibliometric evaluation might have affected the

results due unbalanced database merging and errors in translation into English.

Given that the purpose of this study was to assess Japan's contribution to TB

research, the combined data set did enable a full, more holistic, grasp of trends.
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However, it is challenging to classify the data into five categories, given the

insufficient quality of medical and scientific terms used in the individual datasets.

Different approaches could enhance the reliability of the primary analysis, which

was aimed at determining the general characteristics of the progress of TB

research in Japan.

Regarding the regression analysis using household survey data,

exclusion of the data for study participants whose information is incomplete is

essential, although that could lead to an overestimation of the TB awareness of

the population. Moreover, TB awareness is likely to be influenced by several

factors, including distance from health facilities, service provider attitude, and

factors related to TB complications, for which not data are available. We

acknowledge that several TB awareness programs, implemented in different

parts of Nepal, may have influenced local awareness.

Since there is still no full coverage and treatment system for TB in Nepal,

our cost-benefit analysis does not apply willingness-to-pay or shadow price

measures to estimation of the statistical value of life (VSL). However, pre-entry

TB screening policy aimed at TB elimination was examined empirically. Further

empirical estimates and incorporation of technology into the methodology are
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expected to enhance the interpretation of changes in the value chains of both

countries, in turn generating spillover effects of international cooperation to the

strengthening of the health care system. In addition, a thorough location-based

analysis of the TB programs would make the findings of this study more

comprehensive.

During the breakout of the COVID-19 pandemic, global health systems

have undergone substantial reforms with regard to international collaboration. For

instance, the Pandemic Preparedness Partnership (PPP), launched by the UK,

Europe and some Asian countries in 2021, conducted a mission to develop and

deploy high quality vaccines for new diseases and reduce the development

period from 300 to 100 days. The intensive support plan is backed by additional

financial support of the global vaccine supply work of Global Fund, Global

Vaccine Alliance (Gavi) and the Coalition for Epidemic Preparedness Innovations

(CEPI) [1]. The CEPI mechanism operated in a public-private partnership,

bringing together industry, international organizations, and leading experts. The

export panel provided recommendations for delivering on the ambitious targets

of faster development of vaccines, therapeutics and diagnostics, through greater

global co-operation on research and development, manufacturing, clinical trials
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and data-sharing. The global response to COVID-19 and other potential

epidemiologic threats (AIDS, TB and malaria) has demonstrated that such joint

countermeasures could be most successful, thanks to synergy between scientists,

businesses, and governments, and collective action through multilateral

institutions [2].

Furthermore, WHO has developed its Global Action Framework for TB

Research to strengthen TB research by means of adequate domestic funding and

interaction with key stakeholders at the national and global levels. High TB

burden countries, especially in LMICs, require considerable support and

facilitation for intensification of and innovation in TB research [3]. For this reason,

it is essential that stakeholders to emphasize the importance of public-private and

international partnerships to prevent future disease and another global

pandemics, so as to contribute equitable recovery and the strengthening of

collaboration on pandemic preparedness. Under such circumstances, the

evaluation of the implementation of the policy framework is necessary to ensure

that the reinforcement work with the national strategy and TB research plan [4].

The above demonstrates that our evaluation research provides an effective

emanation of policymaking process in global health collaboration. Clearly there
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is a need for research with a broader scope, including pandemic preparedness,

information sharing and provision of an assistance platform for dissemination of

the results of evaluation research at both the domestic and global levels.
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