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ABSTRACT

Background: Infectious disease outbreaks, including historical epidemics and the recent coronavirus disease (COVID-19)
crisis, remain a global concern. Despite advancements in disease management in developed nations, low- and middle-income
countries struggle because of their underdeveloped healthcare infrastructure, limited resources, and inadequate preparation.
Improved data and assessment tools for preparedness are essential to effectively combat outbreaks.

Methodology: This study develops guidelines for assessing health systems’ preparedness levels (HSPI) and derives criteria
weights for HSPI. We chose tuberculosis as an example to develop the HSPI framework and entropy-derived weights across
all states in India. Indicators were sourced from standardized national datasets, normalized, and weighted using the entropy
method. HSPI was calculated by aggregating weighted scores across indicators, providing an overall preparedness score for
each state in India.

Results: This entropy approach included index variables for TB, including the Health Assessment Profile, Medical Infrastructure,
Technology Infrastructure, Institutional Support, and Disease-Specific Outcome, with entropy-derived weights of 17.83 percent,
20.70 percent, 20.64 percent, 20.09 percent, and 20.73 percent, respectively. Assigning weights through entropy-based allocation
enhances robustness in applications such as multi-criteria decision-making and risk assessment. The weight allocation process
yielded a mean average weight between 17-22 percent. The HSPI provides a valuable framework for policymakers, health
care professionals, and researchers to identify areas where improvements are needed in a country’s health system.
Keywords: Health System Preparedness Index, Criteria weighting, Indian Health Resilience Index, Assigning Weights, Public
health emergencies.
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INTRODUCTION

Periodically, epidemics and pandemics of infectious diseases
put people’s lives and health in danger, despite living in
developed, developing, or underdeveloped nations (1). Disease
outbreaks have had devastating effects on stressed health
systems and, subsequently, on other aspects of daily life,
ranging from the Antonine Plague in 165 AD to the recent
Coronavirus in 2019 (COVID-19) (2). Similarly, regions with
inadequate health systems, insufficient funding, understaffing,

and limited economic security protection remain vulnerable
to the widespread effects of disease outbreaks. For instance,
although the 1970s smallpox pandemic was eradicated globally,
this accomplishment has not been replicated in low-to middle-
income countries because of inequitable resource allocation.
Conversely, there were challenges in responding to other
discases because of inadequate health systems that were unable
to manage multiple disease outbreaks concurrently (3).
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Etiological factors contributing to disease emergence are
likely to persist and intensify. Additionally, novel sources of
ecological disruption and alteration, such as global climate
change, are anticipated to exacerbate the risk of disease
emergence (4). Given the significant threat that epidemics
and pandemics pose to public health, it is imperative to
systematically evaluate national preparedness and identify
areas that are inadequately equipped to address such threats.
In addition to epidemics and pandemics, social inequities
within nations and communities, as well as resource disparities
between nations, also contribute to the potential propagation
of disease outbreaks (5). Despite significant investments in
building capacity and global health surveillance, numerous
regions worldwide lack the capability to address disease threats
effectively. In accordance with current assumptions based
on the World Health Organization (WHO)-supported Joint
External Evaluation (JEE) process, only a limited number of
nations have available data and are fully compliant with the
International Health Regulations (IHR) 2005, demonstrating
the ability to mitigate public health risks (6).

In addressing high-priority infectious disease epidemics,
national governments remain the primary actors and initial line
of defense. These governments serve as the focal points for
capacity-building initiatives aimed at enhancing preparedness.
To inform and evaluate both international and domestic
investments in capacity, improved metrics on national-level
preparedness to respond to diverse disease emergencies are
essential (7). The widely recognized necessity for effective
tools in this field has been underscored by recent efforts to
establish metrics for comparative evaluation of country-level
preparedness (8). The organization “Prevent Epidemics” has
published country-level analyses on its website that exclusively
utilize Joint External Evaluation data. Moore et al. presented
a disease vulnerability indicator that incorporates measures
of preparation and intrinsic disease risk (9).

Resource allocation and priority setting present
significant challenges for health policymakers, necessitating
a comprehensive evaluation of multiple factors, including
objective (e.g., reason) and subjective (e.g., empathy) elements
(10). According to the World Health Organization (WHO),
ethical resource allocation principles are requisite for
evaluating healthcare interventions and allocating resources.
The criteria employed to assess healthcare interventions and
resource allocation are likely to have significant implications,
particularly in terms of ethics. The World Health Organization’s
(WHO) ethical resource allocation principles encompass
efficiency (maximizing population health), equity (minimizing
health disparities), and utility (achieving the greatest good
for the greatest number) (11). Healthcare decisions should
optimally be predicated on a constellation of factors, including
equity or justice, efficacy or effectiveness, stakeholder interests
and demands, cost-effectiveness, strength of evidence, and
safety (12). Decision-making in healthcare at the micro, meso,
and macro levels is a complex issue, which often necessitates
a balance between equality and efficiency (10).

There is a significant need for health system preparedness, which
refers to the capacity of a nation’s health system to respond
effectively and efficiently to public health emergencies and
crises. The outbreak of the COVID-19 pandemic underscored
the necessity for robust health system preparedness. In India,
the pandemic has exposed the vulnerabilities and deficiencies
of the country’s health system, necessitating a comprehensive
assessment of preparedness. The health system preparedness
index (HSPI) is an instrument that can be used to evaluate
the preparedness of a country’s health system in response to
any specific disease outbreak. The HSPI considers various
factors, including governance, financing, service delivery, the
workforce, and information systems. It assigns a score to the
health care system based on its overall preparedness. Using
India as an example, a Health Systems Preparedness Index may
facilitate the identification of the health system’s weaknesses
and guide focused efforts to enhance the system’s readiness
for disasters, emergencies, and illnesses. Policymakers,
researchers, and public health professionals can employ the
HSPI to assess India’s capacity to respond to such disasters
and to target specific areas for improvement. Furthermore, the
index can be used to evaluate progress over time, identify areas
requiring enhancement, and assess the level of preparedness
across the nation. This index incorporates indicators such as
the number and distribution of health facilities and workers,
availability of essential medicines and supplies, capacity for
laboratory testing and disease surveillance, availability and
quality of health data, electronic health records, and real-
time disease-monitoring systems. Additionally, community
involvement in disaster planning and responses, community-
based health interventions, and community preparation for
emergencies were included.

Given the importance of HSPI, this article reviews the
health system preparedness index in India, detailing its
development, methodology, and application. It also analyzes
the HSPI assessment findings and their implications for future
improvements in India’s health system preparedness. This
study aimed to establish guidelines for evaluating health
system preparedness levels and determining criteria weights
for a health system preparedness index (HSPI). In addition,
to identify and prioritize the HSPI criteria, the goal is to rank
these criteria based on their significance in contributing to
a well-prepared health system. Overall, to develop an HSPI
framework, this goal involves creating a structured framework
that integrates prioritized criteria and assigns weights based on
their importance. The objective was to create a standardized
tool for measuring health system preparedness for use by
policymakers and public health officials at various levels.

METHODOLOGY

A conceptual framework for Health Systems
Preparedness Index

The state of epidemic preparedness is indicated by the capacity
of institutions, such as public health officials, healthcare
systems, and emergency response bodies, to detect, report,
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and manage outbreaks. Governmental organizations must
identify and assess epidemic events with serious consequences,
report outbreaks and their causes to relevant national and
international bodies, and take measures to mitigate the health,
societal, and economic impacts of outbreaks(13,14). While
monitoring, reaction, and health capabilities typically describe
public health emergency preparedness, these functions rely on
a broader set of institutional, budgetary, and infrastructure
factors (13). We developed a multidisciplinary framework to
assess various capabilities, identifying five essential types
for evaluating health systems’ preparedness. This study
considered sub-indices and indicators based on specific
disease outcomes. Indicators related to tuberculosis for disease
outcome were included due to their standardized data available
from government sources, in contrast to other disease-specific
data outcomes. (Figure 1) In selecting the sub-indices for
the health systems preparedness index (HSPI), key factors
were considered to ensure a comprehensive assessment of a
country’s capacity to manage public health emergencies. Each
sub-index was chosen for its relevance to real-world health
challenges by incorporating aspects of population health,
service infrastructure, technology, economic support, and the
capacity to respond to routine and emergency health needs.
Figure 1: Overview of Health System Preparedness Index
*OOPE = Out of pocket expenditures, MPCE = Monthly Per
Capita Consumption Expenditure, NCD =Non-communicable
Diseases, GDP = Gross Domestic Product, RE = Revenue
Estimates, TB = Tuberculosis

Health Assessment Profile

The Health Assessment Profile offers a detailed view of a
country’s health status and emergency response capacity. The
variables considered included the percentage of children aged
12 to 23 months fully vaccinated (using vaccination cards or
mother’s recall), mortality rates, percentage of households
with health scheme or insurance coverage, monthly per
capita out-of-pocket health expenditure as a share of monthly
per capita consumption expenditure (MPCE), literacy rate,
and prevalence of non-communicable diseases (NCDs). For
instance, a high infant or maternal mortality rate indicates a
need to bolster maternal and child health services. Additionally,
a high burden of NCDs necessitates preventive measures and
interventions to address risk factors, such as tobacco use,
unhealthy diet, and physical inactivity.(15-17)

Health Service infrastructure

Health service infrastructure is vital in the Health Systems
Preparedness Index (HSPI), which indicates a country’s
capacity to address public health emergencies. It includes the
number of physicians, nurses, midwives, and pharmacists per
10,000 population, hospital bed percentage, neonatal support,
and blood bank availability. During emergencies, such as
pandemics or natural disasters, efficient infrastructure with
adequate supplies, staff, and equipment ensures timely and
effective treatment, curbing disease spread and mortality rates.
Additionally, robust infrastructure supports routine medical

services such as maternal and child health, vaccinations,
and non-communicable disease management, ensuring
accessibility, affordability, and quality, thus improving health
outcomes and reducing disparities.(18,19)

Information and Technology (IT) infrastructure

The availability of mobile phones and Internet subscribers
is a crucial indicator of the technological infrastructure of
the HSPI. Mobile phones and Internet connectivity enhance
healthcare delivery and public health emergency response.
Mobile phones, especially in low-resource settings, enable
remote consultation, health education, and promotion. During
public health emergencies, they provide real-time information,
alerts, and updates to reduce the spread of disease. Internet
connectivity is vital for high-quality healthcare services,
supporting health information systems, electronic medical
records, and access to online medical resources, such as
journals, research papers, and clinical guidelines, thus
improving care quality and reducing medical errors.(20-22)

Organizational Support

Institutional support represents a country’s political and
economic environment and its effects on the healthcare system.
Indicators such as GDP annual growth, unemployment rate,
and the Reserve Bank of India (RBI) revenue expenditure
on public health were used to evaluate this support. GDP
growth reflects economic development and stability, which
can enhance healthcare by increasing resources for services
and infrastructure and attracting foreign investment. The
unemployment rate is crucial, as high unemployment
can reduce access to healthcare and limit infrastructure
development, whereas low unemployment can boost these
resources. RBI’s public health expenditure highlights the
government’s prioritization and investment in healthcare
services and infrastructure.(23,24)

Disease-specific outcome

To evaluate HSPI, we used tuberculosis (TB) as an example
to assess the criteria weights with other sub-indices. TB is
a major public health issue, especially in India, owing to
its high infectivity and significant morbidity and mortality.
(25) The disease outcome of TB is crucial for HSPI, which
includes TB-specific indicators such as incidence, prevalence,
presumptive case findings, notification, and active case
findings. Effective TB control necessitates a robust healthcare
system capable of prompt diagnosis and treatment, which
requires trained providers, laboratory services, and essential
medications. The HSPI evaluates the availability and quality of
these diagnostic and treatment services, reflecting a country’s
readiness to manage TB and other infectious diseases.(26) This
information helps policymakers prioritize interventions and
allocate resources to enhance TB services, thereby reducing
TB incidence, prevalence, and mortality and improving overall
health system preparedness.

These indices are grounded in established health system
frameworks and provide a multidimensional perspective
on health system preparedness, informing both policy and
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resource allocation to enhance resilience to public health
emergencies.

Index Scoring and Data Sources

The indicators in this study pertain to various healthcare
aspects, including health assessment profiles, healthcare,
information and technology infrastructure, organizational
support, and specific disease-related health outcomes, using
state-wise data from various governmental sources. The
entropy method determines the relative importance of the
indicators within each sub-index. Data were collected and
standardized for each state and union territory. The entropy
method calculates the entropy of each indicator, indicating the
uncertainty in its value distribution. Normalization techniques
were then applied to ensure the weights summed up to one
using the formula X = (X; = X i)/ (Xnax — Xmin)- This method
effectively incorporates expert opinions and subjective data
for a comprehensive and robust evaluation of state and union
territory performance across subindices.(13,14)

Validating the Methodology

This validation ensures credible and reliable findings.
This study validated the methodology using historical data
and confirmed its accuracy and effectiveness. Data from
previous studies were collected and analysed using the
same methodology to compute subindices and composite
index values. A comparison with previous studies showed
high similarity, confirming the validity of the methodology.
Additionally, the results were aligned with the existing
literature, further validating the approach. Sensitivity analysis
was conducted to test the robustness by varying the indicator
weights. The methodology remained robust, with minimal
impact from the weight changes. Overall, the validation
confirms the proposed methodology is a reliable and effective
tool for calculating subindices and composite index values,
suitable for future studies.(14,27)

Entropy Methodology

To determine factor weights using the entropy method, we first
standardized the measured values using the formula,

X
1 n
;*{ijlxif}

where P, represents the standardized value of the ith
indicator (sub-indices) in the j™ sample (sample of the desired
population), X ; Tepresents the original value of the ith index
in the j'" sample, and n represents the total number of samples.

Next, we calculated the entropy value E; of each index
using the formula

E =-)P, *log, P,
j=1

where P, represents the standardized value of the i indicator
in the j'" sample and log represents the natural logarithm with

base two. To avoid calculation errors, we set P, *In P, = 0
when P, =0.

We summed the entropy values for each index to obtain
the system’s total entropy. Using these values, we calculated
the entropy weights for each index with the formula

Entropy weight =1— (Entropy of each index | Total entropy of the system)

To ensure that the entropy weights added up to one, we
normalized the weights by dividing each entropy weight by
the sum of all entropy weights.

We applied the entropy method to the dataset using R
software. First, we calculated the relative frequency of each
factor by dividing each factor’s frequency by the total number
of observations. Then, we calculated each factor’s entropy
and summed these to get the total system entropy. Finally, we
computed the entropy weight for each factor and normalized
the weights to sum to one.

RESULTS

Taking India as a consideration and with the available data
to evaluate the Health System Preparedness Index, we used
the Entropy Method and considered the five sub-indices, such
as health assessment profile, health services infrastructure,
information and technology infrastructure, organizational
support and specific disease outcome (Tuberculosis). The top
ten states of India based on their Health System Preparedness
Index scores are Goa, Tamil Nadu, Lakshadweep, Gujarat,
Himachal Pradesh, Uttar Pradesh, Andhra Pradesh, NCT
Delhi, Ladakh, and Maharashtra. In contrast, the last ten
states in India, based on their Health System Preparedness
Index scores, are Assam, Nagaland, Sikkim, Chhattisgarh,
Bihar, Meghalaya, Mizoram, Tripura, Arunachal Pradesh,
and Jharkhand.

Figure 2: Map of India, highlighting top 10 and bottom 10
states by health system preparedness index scores

While coming to the sub-indexes of Health Systems
Preparedness Index, to calculate the health assessment profile
sub-index of various tests were calculated based on various
indicators such as literacy rate, MPCE, health insurance
coverage, mortality rate, prevalence of non-communicable
diseases (NCDs), and vaccination rates among 12 to 13-year-
aged per 100,000 population in each state. The weights were
assigned to each indicator to derive their relative importance by
using the entropy method. Based on the general health profile
value, the top—ranking states are Lakshadweep, followed by
Andaman & Nicobar, Himachal Pradesh, Dadra Nagar and
Daman, Haryana, and Kerala.

The quality of healthcare infrastructure in India varies
greatly across different regions. To determine the medical
infrastructure index, several key indicators were used,
including the number of physicians, pharmacists, hospital beds,
neonatal facilities, and blood banks in each state. The states
with the highest scores on this index were Tamil Nadu, Andhra
Pradesh, Maharashtra, West Bengal, Rajasthan, Ladakh,
Manipur, Himachal Pradesh, Uttarakhand, and Kerala.
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Table 1: Indicator Weights using entropy

Index (Overall

- 7 0,
Entropy in %) Sub-Index Entropy Weights (%)
Children aged 12-23 months fully vaccinated 16.25
Mortality Rates 16.78
Health Assessment Monthly per capita OOPE on MPCE 17.37
Profile (17.84) % households with any usual member covered by a health scheme or health insurance 16.49
Literacy Rate 16.32
Prevalence of NCDs 16.80
Total Physicians, nurses & midwives per 10,000 population 18.70
Registered Pharmacists 21.30
Health Service Percentage of beds in hospitals 20.21
Infrastructure (20.70) & P ’
Neonatal support in hospital 19.90
Blood banks availability 19.88
Information Mobile Tele density per 100 population 38.39
technology &
Structure (20.64) Internet Subscribers per 100 population 61.61
Annual Growth Rate of GDP per capita 15.42
Unemployment Rate 17.13
Organizational .
Support (20.09) RE on family welfare 16.15
% change over in RE on health 2020-21 (Budget Estimates) 16.23
% change over RE on health 2022-23 (Budget Estimates) 16.85
No. of BCG Vaccines administered 21.34
Disease Specific Prevalence of all forms of TB per 100 000 population 18.75
Outcome . L
(Tuberculosis) Presumptive TB cases examination 17.89
(20.73) TB case notification rate 19.03
TB active case finding 22.99

*OOPE = Out of pocket expenditures, MPCE = Monthly Per Capita Consumption Expenditure, NCD = Non-communicable Diseases, GDP = Gross

Domestic Product, RE = Revenue Estimates, TB = Tuberculosis

To assess the state of information and technology infrastructure
across various regions in India, utilized key indicators such as
mobile tele density and internet subscribers. Using this index,
the top-ranking states in terms of technology infrastructure
were identified as Goa, Gujarat, Jammu & Kashmir, Punjab,
Ladakh, Lakshadweep, Chandigarh, Madhya Pradesh,
Manipur, and Telangana. This research provides valuable
insights for policymakers and businesses looking to enhance
the technology infrastructure in different regions of the country
and to increase access to technology for all citizens. The
findings of this research can serve as a basis for further studies
on the topic of technology infrastructure in India.

To assess the organizational support available to different
states in India, the organizational support index uses indicators
such as the growth rate of GDP, unemployment rate, and
revenue expenditure. The index also takes into account the
revenue expenditure for the years 2020-21, 2021-22, and the
budget estimate for 2022-23. Based on this index, the top-

ranking states for institutional support were Delhi, Uttar
Pradesh, Lakshadweep, Tamil Nadu, Goa, Rajasthan, Bihar,
Gujarat, Andaman & Nicobar, and Kerala.

The tuberculosis (TB) index was created to assess the
prevalence and management of TB across different states in
India. Key indicators such as BCG vaccinations, prevalence,
presumptive TB, TB case notification rate, and TB active
cases were used to derive weights for each indicator. The top-
ranking states based on this index were Uttar Pradesh, Delhi,
Chandigarh, Himachal Pradesh, Madhya Pradesh, Odisha,
Andhra Pradesh, Maharashtra, Haryana, and Rajasthan.

The results from this index can provide valuable insights
for policymakers and healthcare providers to improve the
prevention, diagnosis, and treatment of TB in different regions
of the country. By focusing on these key indicators, it is possible
to target the resources and interventions to reduce the burden
of TB and improve health outcomes for affected individuals
and communities.
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DISCUSSION

Entropy is a robust method for weight allocation in various
fields, such as multi-criteria decision-making, risk assessment,
finance, engineering, and environmental management. It
assigns weights to criteria by maximizing their information
content, which is calculated using entropy. Higher entropy
indicates greater uncertainty or diversity, resulting in a higher
weight for that criterion. A key advantage is that it does not
require prior assumptions regarding the importance of the
criteria, making it suitable for contexts with unknown or
variable criterion importance. Additionally, it can manage
numerous criteria, aiding complex decision-making
scenarios.

A study by Ma and Wang et al. (2022) (28) used entropy-
based weight allocation to assess the performance indicators
of a department of healthcare systems in China. This study
found that entropy-based weight allocation produced more
accurate results than the other weight allocation methods.

In another study by Ahmed et al. (2020) (29), entropy-
based weight allocation was used to prioritize sustainable
development goals (SDGs) in Pakistan. Entropy-based weight
allocation produced more equitable and reliable results than
other weight allocation methods.

Quantifying healthcare quality is challenging and was
once considered impossible. Donabedian (30) identified
three traditional metrics: healthcare structure, treatment
process, and patient outcome. Ideally, structure-based quality
measures should evaluate the population and physical and
financial resources needed for care. Despite its limitations,
this assessment relies on clinical and technological
competence across medical specializations.

Brook et al. (31) describe the process as the actions
involved in delivering and receiving care, whereas the
outcome refers to changes in the patient’s health attributable
to prior treatment. Process-based quality measures may
not predict patient outcomes, and outcome-based measures
may not fully consider factors beyond physicians’ control.
Mortality rates are the primary endpoints for outcome-
based quality monitoring; however, risk-adjusted mortality
rates are contentious because of their inability to adapt to
varying case mixes across hospitals. Socioeconomic and
cultural factors significantly influence outcomes, as seen
in underdeveloped nations, where cultural beliefs and lack
of access to modern medical care delay timely medical
intervention. Therefore, competent healthcare may still
result in poor outcomes depending on the case-mix, raising
debate over using mortality rates to gauge healthcare quality
(32). Entropy-based weight allocation has limitations such
as data availability, reliability, feasibility, and sensitivity to
the threshold value for determining the maximum entropy.
Careful selection of this threshold was crucial to avoid bias.
Despite its limitations, entropy-based weight allocation
remains a valuable tool for complex decision making. Further
research is necessary to assess its effectiveness in various
decision-making contexts.

LIMITATIONS

This research was limited by the unavailability of data for
certain indicators, where we averaged and standardized the
available data. The index may not fully capture healthcare
services and preparedness owing to a limited set of indicators.
These limitations should be considered when interpreting
results and making decisions based on this research. The
selection and weighting of indicators may be subject to
debate among experts, potentially affecting their rankings
and interpretations. The index may not fully represent the
heterogeneity of healthcare systems and challenges across
regions and population groups within each state or territory.
In the Information and Technology Infrastructure sub-index,
the exclusion of e-health and telehealth indicators due to data
unavailability underscores the necessity for comprehensive
data in future assessments. The study did not account for
population and area impacts on indicator weights, potentially
affecting the accuracy. The index may not encompass
qualitative factors such as patient satisfaction, quality of care,
and provider competencies, which are crucial for evaluating
healthcare effectiveness. Furthermore, the index may not
reflect the dynamic nature of healthcare needs and should be
updated periodically to capture emerging trends. International
comparisons may be limited due to data variations; however,
the framework can be adapted based on available datasets from
different countries.

CONCLUSION

The health system preparedness index evaluates a country’s
health system readiness by considering general health
profiles, medical and technology infrastructure, institutional
support, and disease-specific outcomes. An Entropy-based
method assigns weights to these factors, averaging 17 to
22%, ensuring a balanced and reliable assessment. This index
aids policymakers, health care professionals, and researchers
in identifying health system strengths and weaknesses,
prioritizing interventions, tracking progress, and comparing
countries’ preparedness. However, its accuracy depends on data
quality and availability, and it does not account for external
factors, such as political instability or natural disasters.

ACKNOWLEDGMENTS

We gratefully acknowledge Dr. Anuj Mubayi for his support
and guidance throughout this research.

CONFLICT OF INTEREST

The authors declare that they have no conflicts of interest
related to this work.

AUTHORS CONTRIBUTION

JS contributed to the ideation of the research topic. SAKM
and SH contributed to the design and implementation of the
research, as well as the analysis of the results and the writing
of the manuscript. ANVJ, KK, and JS edited and critically
reviewed the final draft of the manuscript for submission.

1JHTI, Volume 4 Issue 3, September — December, 2025

Page 27



Health System Preparedness and Weighting Criteria

REFERENCES

1.

10.

11.

12.

13.

14.

15.

16.

Morse SS, Mazet JA, Woolhouse M, et al. Prediction and
prevention of the next pandemic zoonosis. The Lancet.
2012;380(9857):1956-1965. doi:10.1016/S0140-6736(12)61684-5
LePan N. Visualizing the History of Pandemics. Visual
Capitalist. March 14, 2020. Accessed March 1, 2023. https:/www.
visualcapitalist.com/history-of-pandemics-deadliest/
Greenough P. Intimidation, coercion and resistance in the final
stages of the South Asian Smallpox Eradication Campaign, 1973-
1975. Soc Sci Med 1982. 1995;41(5):633-645. doi:10.1016/0277-
9536(95)00035-6

Institute of Medicine (US) Committee on Emerging Microbial
Threats to Health in the 21st Century. Microbial Threats to
Health: Emergence, Detection, and Response. (Smolinski MS,
Hamburg MA, Lederberg J, eds.). National Academies Press
(US); 2003. Accessed March 1, 2023. http://www.ncbi.nlm.nih.
gov/books/NBK 221486/

Lowcock EC, Rosella LC, Foisy J, McGeer A, Crowcroft N.
The Social Determinants of Health and Pandemic HIN1 2009
Influenza Severity. Am J Public Health. 2012;102(8):e51-¢58.
doi:10.2105/AJPH.2012.300814

Gupta V, Kraemer JD, Katz R, et al. Analysis of results from the
Joint External Evaluation: examining its strength and assessing
for trends among participating countries. J Glob Health.
2018;8(2):020416. doi:10.7189/jogh.08.020416

Sands P, Mundaca-Shah C, Dzau VJ. The Neglected Dimension
of Global Security--A Framework for Countering Infectious-
Disease Crises. N Engl J Med. 2016;374(13):1281-1287.
doi:10.1056/NEJIMsr1600236

Resolve to Save Lives: Home. Accessed March 1, 2023. https:/
resolvetosavelives.org

Moore M, Gelfeld B, Okunogbe AT, Paul C. Identifying Future
Disease Hot Spots: Infectious Disease Vulnerability Index.
RAND Corporation; 2016. Accessed March 1,2023. https:/www.
rand.org/pubs/research_reports/RR1605.html

Hsu M, Anen C, Quartz SR. The right and the good: distributive
justice and neural encoding of equity and efficiency. Science.
2008;320(5879):1092-1095. doi:10.1126/science.1153651
Weltgesundheitsorganisation, ed. Ethics, Access and Safety in
Tissue and Organ Transplantation: Issues of Global Concern,
Report, Madrid, Spain, 6 - 9 October 2003. World Health
Organization; 2004.

Guindo LA, Wagner M, Baltussen R, et al. From efficacy
to equity: Literature review of decision criteria for resource
allocation and healthcare decision-making. Cost Eff Resour Alloc
CE. 2012;10(1):9. doi:10.1186/1478-7547-10-9

Thokala P, Duenas A. Multiple criteria decision analysis
for health technology assessment. Value Health J Int Soc
Pharmacoeconomics Outcomes Res. 2012;15(8):1172-1181.
doi:10.1016/j.jval.2012.06.015

Oppenheim B, Gallivan M, Madhav NK, et al. Assessing
global preparedness for the next pandemic: development and
application of an Epidemic Preparedness Index. BMJ Glob
Health. 2019;4(1):e001157. doi:10.1136/bmjgh-2018-001157

Ji W yan, Liu D lei, Yu R, ef al. Vaccination coverage survey of
children aged 1-3 years in Beijing, China, 2005-2021. Vaccine.
2023;41(43):6444-6452. doi:10.1016/j.vaccine.2023.08.015
Lanza-Leén P, Cantarero-Prieto D, Pascual-Saez M. Exploring

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

trends and determinants of basic childhood vaccination coverage:
Empirical evidence over 41 years. Umer MF, ed. PLOS ONE.
2024;19(3):e0300404. doi:10.1371/journal.pone.0300404
Mboussou F, Kada S, Danovaro-Holliday MC, et al. Status of
Routine Immunization Coverage in the World Health Organization
African Region Three Years into the COVID-19 Pandemic.
Vaccines. 2024;12(2):168. doi:10.3390/vaccines12020168

Singh S, Rajak R. Addressing barriers in utilization and
provisioning of obstetric care services (OCS) in India: A mixed
method systematic review. Published online December 20, 2022.
doi:10.21203/rs.3.rs-2363717/v1

Shu J, Jin W. Prioritizing non-communicable diseases in the
post-pandemic era based on a comprehensive analysis of the GBD
2019 from 1990 to 2019. Sci Rep. 2023;13(1):13325. doi:10.1038/
$41598-023-40595-7

Anthony Jnr B. Examining the adoption of telehealth during
public health emergencies based on technology organization
environment framework. J Sci Technol Policy Manag. Published
online April 27, 2023. doi:10.1108/JSTPM-05-2022-0079

Ego OK. The Role of Technology in Enhancing Public Health
Initiative: Utilization of Technological Advancements, Such
as Telemedicine or Health Apps, in Improving Healthcare
Accessibility and Outcomes. Int J Res Innov Soc Sci.
2024;VIII(VI):1938-1946. doi:10.47772/1JR1SS.2024.806146
Vatsalan D, Arunatileka S, Chapman K, ef al. Mobile
Technologies for Enhancing eHealth Solutions in Developing
Countries. In: 2010 Second International Conference on
eHealth, Telemedicine, and Social Medicine. IEEE; 2010:84-809.
doi:10.1109/TELEMED.2010.18

Jameaba MS, Purbokusumo Y, Kristiadi J. Institutions and
Socioeconomic Development: Do Legacies and Proximity
Matter? Case Studies of Indonesia, the Philippines, and Thailand.
Published online November 23, 2022. doi:10.32388/DFVOD7.2
Blum J, Dorn F, Heuer A. Political institutions and health
expenditure. Int Tax Public Finance. 2021;28(2):323-363.
doi:10.1007/s10797-020-09648-9

Bloom BR, Atun R, Cohen T, ef al. Tuberculosis. In: Holmes KK,
Bertozzi S, Bloom BR, Jha P, eds. Major Infectious Diseases. 3rd
ed. The International Bank for Reconstruction and Development
/ The World Bank; 2017. Accessed November 11, 2024. http:/
www.ncbi.nlm.nih.gov/books/NBK 525174/

Sismanidis C, Shete PB, Lienhardt C, Floyd K, Raviglione
M. Harnessing the Power of Data to Guide Local Action and
End Tuberculosis. J Infect Dis. 2017;216(suppl_7):S669-S672.
doi:10.1093/infdis/jix374

Hierink F, Margutti J, Homberg M van den, Ray N. Constructing
and validating a transferable epidemic risk index in data scarce
environments using open data: A case study for dengue in
the Philippines. PLoS Negl Trop Dis. 2022;16(2):¢0009262.
doi:10.1371/journal.pntd.0009262

Ma X, Wang Y. Application of Grey Relational Entropy
Weight Method in DRG Performance Evaluation of Inpatient
Departments. Contrast Media Mol Imaging. 2022;2022:7348985.
doi:10.1155/2022/7348985

Ahmed W, Tan Q, Shaikh GM, et al. Assessing and Prioritizing
the Climate Change Policy Objectives for Sustainable
Development in Pakistan. Symmetry. 2020;12(8):1203.
doi:10.3390/sym12081203

1JHTI, Volume 4 Issue 3, September — December, 2025

Page 28



Health System Preparedness and Weighting Criteria

30. Donabedian A. The quality of care. How can it be assessed? NEIM199609263351311
JAMA J Am Med Assoc. 1988;260(12):1743-1748. doi:10.1001/  32. Sherck JP, Shatney CH. ICU scoring systems do not allow
jama.260.12.1743 prediction of patient outcomes or comparison of ICU
31. Brook RH, McGlynn EA, Cleary PD. Measuring Quality performance. Crit Care Clin. 1996;12(3):515-523. doi:10.1016/
of Care. N Engl J Med. 1996;335(13):966-970. doi:10.1056/ s0749-0704(05)70259-1

1JHTI, Volume 4 Issue 3, September — December, 2025 Page 29



Health System Preparedness and Weighting Criteria

Appendices

Data Sources:

1. Health Assessment Profile

1. Children age 12-23 months fully vaccinated based on information from either

vaccination card or mother’s recall.

2. Mortality rates

3. Percentage of households with any usual member covered by a health scheme or

health insurance

4. Monthly per capita out-of-pocket expenditure on health as a share of Monthly Per

capita Consumption Expenditure (MPCE)
5. Literacy Rate
6. Prevalence of NCD’s

NFHS 5 Data (2019-20)

SDG India Report 2020-21 (3.1-MMR; 3.2 USMR)

SDG India Report 2020-21 (1.2)

SDG India Report 2020-21 (SDG-3.8)

NFHS 5 Data (2019-20)
GBD India Data (2019)

1I. Health Service Infrastructure

1. Total physicians, nurses and midwives per 10,000 population
2. Registered pharmacists in the state per 10,000 population

3. Percentage of beds in Hospitals

4. Neonatal Support in Hospitals

5. Blood banks availability

SDG India Report 2020-21 (SDG-3.3)
National Health Profile 2021
National Health Profile 2021
National Health Profile 2021
National Health Profile 2021

1II. Information and Technology Infrastructure

1. Number of mobile connections per 100 persons (mobile tele density)

2. Number of internet subscribers per 100 population

SDG India Report 2020-21 (SDG-9.C a)
SDG India Report 2020-21 (SDG-9.C b)

1V. Organizational Support

1. Annual growth rate of GDP (constant prices) per capita
2. Unemployment rate (15-59 years)
3. Revenue Expenditure Medical &Public Health

4. Revenue Expenditure Family Welfare per 10,000 population

5. % change over in Revenue expenditure on health in 2021-22 (RE) over 2020-21

(Budget Estimates)

6. % change over in Revenue expenditure on health in 2022-23 (Budget Estimates) over

2021-22 (Revenue Estimates)

SDG India Report 2020-21 (SDG-8.1)
SDG India Report 2020-21 (SDG-8.1)
SDG India Report 2020-21 (SDG-8.1)
SDG India Report 2020-21 (SDG-8.1)
SDG India Report 2020-21 (SDG-8.1)

SDG India Report 2020-21 (SDG-8.1)

V. Disease outcome (Tuberculosis)

1. No. of BCG vaccinations administered

2. Prevalence of all forms of TB among all age groups in India (per 100 000 population)

3. Presumptive TB cases examination
4. TB Case Notification rate
5. TB Active case finding

Statista BCG India Estimates
India TB Report 2022
India TB Report 2022
India TB Report 2022
India TB Report 2022
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