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Abstract  Effective management of the supply chain 

(SCM) is essential for public health, particularly for 

delivering critical health services related to immunization, 

tuberculosis (TB) control, and initiatives for non-

communicable diseases (NCDs) implemented by the 

Government of India. This research investigates significant 

deficiencies in SCM across different health programs by 

examining the root causes and suggesting a framework for 

improving the existing conditions. As part of the study, a 

comprehensive literature review was conducted utilizing 

the Prisma Flow Diagram. In total, 106 studies were 

incorporated into qualitative synthesis. Among these, 28 

studies were deemed appropriate for inclusion in 

quantitative synthesis, provided that a meta-analysis was 

performed. The supply chain for tuberculosis (TB) in India 

has shortcomings related to drug accessibility, logistics, 

and procurement processes. Challenges in India's 

immunization supply chain management consist of limited 

visibility of vaccine inventories, insufficient cold chain 

facilities, inadequate manual record-keeping, and a lack of 

monitoring regarding vaccine safety during transport and 

storage. Significant issues in the non-communicable 

disease (NCD) supply chain management in India include 

constraints in human resources, inconsistent medicine 

supply, and a fragile referral system. Key strategies to 

address the shortcomings in India's government 

tuberculosis (TB) program regarding supply chain 

management include enhancing drug stock management, 

improving the distribution network, and bolstering data 

tracking and reporting systems. To close gaps in 

Immunization Supply Chain Management, essential 

strategies involve reinforcing cold chain infrastructure and 

creating reliable systems for demand forecasting. To 

improve the supply chain management of non-

communicable diseases (NCDs) in India, vital strategies 

consist of strengthening the healthcare infrastructure at 

primary healthcare centers, implementing effective 

inventory management systems, and leveraging digital 

platforms for monitoring and tracking. All these initiatives 

must be tailored to better serve underserved communities 

and consider the specific needs of the local populations. 

Keywords  Tuberculosis, Immunization, NCD, Gaps, 

Mitigation Strategies, Policy Framework 
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1. Introduction 

Effective supply chain management (SCM) is an 

important element of public health and especially the 

provision of core health services, like immunization, 

tuberculosis (TB), control and non-communicable diseases 

(NCD) control. In India, increasing complexities of disease 

burden and huge geographical dispersion of the population 

have been the greatest threat to unstrained supply of 

medical commodities, diagnostic, and treatment supplies. 

The Government of India (GoI) has recognized the need to 

have an ample, comprehensive, and sturdy supply chain 

framework that guarantees the on-time and reasonable 

utility of health items at all degrees of the healthcare system 

[1]. 

In National TB Elimination Program (NTEP), and the 

Universal Immunization Program (UIP), the country has 

achieved impressive performance over the last decades. 

Nevertheless, the two providers are still experiencing 

logistics bottlenecks, procurement, warehousing, and last-

mile delivery [2]. In the same measure, as the NCDs, such 

as diabetes, hypertension, and heart diseases, add a greater 

burden, the chain supply necessities on chronic illnesses 

medications and diagnosis procurements have grown more 

intricate and time reliant. Uninterrupted access to NCD 

supplies is a critical factor in the success of programs 

because of the necessity to constantly receive treatment, 

patient adherence, and treatment monitoring [3]. 

The COVID-19 pandemic also revealed weak points of 

the healthcare supply chain that contributed to the 

disruption of routine immunization services, a prolongation 

of TB diagnostics and treatment, and prioritizing NCD 

services. Such shocks to the system pointed to structural 

issues including excessive dependence on manual 

inventory control, inability to provide real-time updates, 

poorly developed cold chain facilities, and collaboration 

disagreement between stakeholders. There is therefore the 

increasing need to have an integrated model of policy 

which is not only aimed at solving existing inefficiencies 

but also creating resilience in the future operation of public 

health emergencies [4]. 

As part of this policy initiative, we aim to identify the 

systemic flaws in the supply chain management of 

tuberculosis (TB), vaccination, and non-communicable 

disease (NCD) programs, as well as suggest mitigation 

strategies tailored to the Indian context. The emphasis is on 

leveraging digital technologies to monitor inventory levels, 

analyze this data to forecast demand, enhance human 

resource capabilities through training, and refine 

procurement and distribution strategies in line with 

national health objectives. Additionally, it is highlighted 

that enhancing responsiveness and accountability in the 

supply chain will require a focus on public-private 

partnerships, community involvement, and 

decentralization. 

Consistent with the global best practices and in line with 

the national health objectives of India, this framework will 

act as a guiding document by the policymakers, 

implementers, and development partners. It aims to build a 

responsive and capable ecosystem of SCM that secures 

access to critical health products in the right place, at the 

right time, and in the right amount and eventually help in 

achieving better health outcomes, lowering disease burden, 

and increasing public confidence in health policy and 

delivery of health services [5]. 

The Government of India can enhance its disease control 

initiatives and inch toward universal health coverage and 

Sustainable Development Goals (SDGs) especially SDG 3: 

Good Health and Well-being by creating a strategic, 

integrated, and long-term supply chain management 

strategy. 

2. Materials & Methods 

As a component of the research, an extensive literature 

review was performed. A cumulative total of 1,274 records 

were located through searches of various databases, 

including PubMed, Scopus, Web of Science, JSTOR, and 

Google Scholar. Furthermore, 45 additional records were 

obtained from alternative sources such as government 

publications, Ministry of Health and Family Welfare 

(MoHFW) reports, and WHO documents, resulting in a 

grand total of 1,319 records identified. 

After eliminating duplicates and performing an initial 

review based on titles and abstracts, 1,070 records were 

identified for further assessment. Out of these, 830 records 

were discarded as they were unrelated to tuberculosis (TB), 

immunization, non-communicable diseases (NCD), or 

supply chain management (SCM). The remaining 240 full-

text articles were then evaluated for eligibility. From this 

selection, 134 articles were removed for several reasons: 55 

did not concentrate on policy frameworks, 42 lacked 

adequate SCM data, and 37 were deemed irrelevant to the 

Government of India programs. 

In total, 106 studies were incorporated into qualitative 

synthesis. Among these, 28 studies were deemed 

appropriate for inclusion in quantitative synthesis, 

provided that a meta-analysis was performed. A Prisma 

Flow Diagram for the systematic Review Strategy is 

depicted in Figure 1. 
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Figure 1.  PRISMA FLOW DIAGRAM 

3. Results

3.1. Overview of the TB Program in India 

To combat tuberculosis, a serious public health issue, the 

Indian government started the "National TB Program" in 

1962 using the District TB Center model. This program 

included TB treatment and BCG immunization. Since then, 

the TB control program has advanced significantly and 

experienced significant modifications in recent years. The 

"National Strategic Plan" for Tuberculosis Elimination 

(2017–25), created by the Ministry of Health and Family 

Welfare, outlines the audacious and creative measures 

needed to eradicate TB in India by 2025, five years ahead 

of the international targets. It became evident by 2020 that 

the NSP-2017-25 would not be able to achieve these goals, 

hence a new NSP India 2025 was introduced [6]. 

3.2. Key Gaps in Tuberculosis Program Supply Chain 

Management 

The tuberculosis (TB) supply chain in India has gaps in 

drug availability, logistics, and procurement. These gaps 

can lead to stockouts and treatment interruptions. Figure 2 

depicts the identified gaps in Tuberculosis Program Supply 

Chain Management. 

Figure 2.  Identified Gaps in Tuberculosis Program Supply Chain 

Management 

 Drug availability 

1. Stockouts: TB drugs stockouts are frequent.
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2. Drug resistance: An antibiotic which carries

out a broad spectrum is subject to repeated

cycles of drug resistance [7].

 Logistics 

1. Slow distribution: Slow distribution poses a

great challenge.

2. Transportation and roads infrastructure:

Inefficient transportation infrastructure and

roads may lead to problems in the supply chain

[8].

 Procurement 

1. Weak quantification: Weak quantification may

be because of low skills and lack of capacity

staff.

2. Ordering and distribution systems are weak:

Ordering and distribution systems could also

cause problems in the supply chain. [9].

 Other issues 

1. Inadequate supply planning: Inadequate

supply planning capacity can contribute to

supply chain issues.

2. Poor inventory management: Poor inventory

management practices can contribute to supply

chain issues.

3.3. Overview of the Immunization Program in India 

The National Immunization Program (NIP) is designed 

to ensure comprehensive immunization coverage for 
children and pregnant women. Despite significant 

progress, SCM issues continue to present challenges. 

3.4. Key gaps in Immunization Supply Chain 

Management 

Gaps in India's immunization supply chain management 

include: poor visibility of vaccine stocks once distributed 

from the central level, inadequate cold chain infrastructure, 

weak manual record-keeping, insufficient monitoring of 

vaccine integrity during transportation and storage, lack of 

real-time data on stock levels, inadequate training for 

healthcare workers on proper vaccine handling, and 

challenges in reaching remote areas due to logistics issues; 

all of these can lead to vaccine wastage, stock-outs, and 

compromised vaccine quality [10]. Key gaps in 

Immunization supply chain management are depicted in 

Figure 3. 

Figure 3.  Key gaps in Immunization supply chain management 

1. Centralized procurement and distribution: While

the government procures vaccines centrally, there is

limited visibility on where the stocks go once

distributed to states, leading to potential stock

imbalances.

2. Cold chain management: Insufficient cold chain

capacity at different levels, including inadequate

refrigerators, ice packs, and transportation vehicles,

can lead to temperature fluctuations affecting vaccine

potency [11].

3. Data management: The use of the manual system of

records keeping makes it impossible to track the

stocks of vaccines in real-time, and it may result in

inexact data on the use of vaccines [12].

4. Last mile delivery: The situation characterized by

lack of proper transport and logistic facilities can

complicate the transportation of the vaccines to

remote and geographically challenging areas [13].

5. Training of healthcare workers: There should be a

training of healthcare workers on how to handle, store

and administer the vaccines as a failure to do so can

lead to the waste of these vaccines as well as the

deterioration of their quality.

6. Vaccine forecasting: It is also challenging to be

precise about forecasting of vaccines thus causing

stock-outs or over-stocking.



Universal Journal of Public Health 13(5): 1343-1352, 2025 1347 

3.5. An Overview of Non-Communicable Disease 

(NCD) Programs in India 

The growth of noncommunicable diseases such as 

diabetes, hypertension, and cancer presents a serious 

challenge to India's public health. The government has 

launched many projects to address these issues, yet SCM 

gaps remain. 

3.6. Key Gaps in Supply Chain Management of Non-

Communicable Disease Program 

Significant gaps in the Government of India's (GOI) 

Non-Communicable Diseases (NCD) program include: 

inadequate community engagement, poor awareness of risk 

factors at the grassroots level, insufficient healthcare 

worker training on NCD management, lack of standardized 

screening and treatment protocols, limited access to quality 

diagnostic facilities in rural areas, weak monitoring and 

evaluation systems, and inadequate multi-sectoral 

collaboration to address lifestyle factors contributing to 

NCDs, challenges in early detection, treatment adherence, 

and overall disease prevention [14]. Key gaps in NCD 

supply chain management in India are represented in 

Figure 4. 

Figure 4.  Key gaps in NCD supply chain management in India 

 Human resource limitations: 

Shortage of skilled healthcare providers, especially 

specialists, particularly in rural areas, leading to inadequate 

diagnosis and treatment of NCDs. 

 Poor infrastructure: 

Lack of well-equipped primary healthcare centers with 

necessary diagnostic tools and storage facilities for NCD 

medications, impacting access to quality care [15]. 

 Irregular medicine supply: 

Inconsistent availability of essential NCD medicines at 

primary healthcare facilities due to unreliable procurement 

and distribution systems, leading to stock-outs [16]. 

 Ineffective referral system: 

Disorganized referral channels between the primary 

and secondary levels of healthcare, leading to a delay in 

receiving specialized care for complex NCD cases. 

 The poor data management: 

Unsatisfactory health information systems that do not 

support the monitoring and evaluation of NCD programs, 

effective decision making and data collection on the 

prevalence and outcomes of the treatment. 

 Community engagement: 

Lack of awareness activities and community 

mobilization to create awareness on healthy lifestyle 

practices, and early screening of NCDs. 

Specific issues related to different stages of the supply 

chain: 

- Procurement: 

 Lack of standardized procurement procedures 

for NCD medicines. 

 Inadequate budgeting and funding allocation for 

NCD drugs [17]. 

- Storage and distribution: 

 Poor storage conditions at healthcare facilities, 

leading to drug spoilage. 

 Inefficient logistics and transportation systems 

to reach remote areas. 

- Prescription and dispensing: 

 Lack of training for healthcare providers on 

appropriate NCD medication management. 

 Inadequate patient education on medication 

adherence. 

4. Discussion

4.1. Mitigation Strategies for Addressing the Gaps in 

Supply Chain Management of Tuberculosis 

Program of Govt of India 

Some of the important strategies of filling a gap in 

government tuberculosis (TB) program of India in 

management of the supply chain are, to improve the drug 

stock management, strengthening the distribution system, 

enhancing the system of tracking and reporting data, 

promoting community involvement and actively 

addressing the challenges such as drug resistance, 

accessibility to the remote regions by implementing 
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policies such as decentralization of procurement, special 

logistics teams, regular auditing of inventory and special 

awareness campaigns [18]. 

4.2. Specific Mitigation Strategies in Context to 

Tuberculosis Program of Govt of India 

- Centralized Procurement: 

 Establish a centralized procurement system to 

negotiate better prices, manage bulk orders, and 

ensure consistent drug quality across the country 

[19]. 

- Inventory Management: 

 Minimum and Maximum Stock Levels: Set clear 

minimum and maximum stock levels at all 

distribution points to prevent stockouts and 

overstocking. 

 Buffer Stock: Maintain adequate buffer stock to 

handle unexpected demand fluctuations or 

supply disruptions. 

 Expiry Drug Management: Implement strict 

procedures for managing near-expiry drugs to 

minimize wastage [20]. 

- Digital Tracking Systems: 

 e-Nikshay Platform: Leverage the existing 

"Nikshay" platform to digitally track drug 

distribution, consumption, and patient data for 

real-time monitoring and analysis. 

 Data Integration: Integrate data from different 

levels of the supply chain to facilitate better 

decision-making [21]. 

- Distribution Network Enhancement: 

 Geographic mapping: Identify high-risk areas 

and tailor distribution strategies accordingly 

[22]. 

- Data Tracking and Reporting: 

 Data-driven decision making: Leverage data 

insights to identify bottlenecks and implement 

corrective actions [23]. 

- Addressing Drug Resistance: 

 Surveillance and monitoring: Conduct regular 

surveillance to track drug resistance patterns  

- Capacity Building: 

 Training programs: Provide regular training to 

healthcare providers on TB management, 

including supply chain aspects. 

 Technical support: Offer technical assistance to 

healthcare facilities on improving drug storage 

and distribution practices. 

Figure 5 depicts the mitigation strategies for addressing 

the gaps in supply chain management of tuberculosis 

program of Govt of India. 

 

Figure 5.  Mitigation strategies for addressing the gaps in supply chain 

management of tuberculosis program of Govt of India 

4.3. Mitigation Strategies for Bridging the Gaps in 

Immunization Supply Chain Management 

Some of the most important strategies to ensure closure 

of gaps in Immunization Supply Chain Management 

include the strengthening of cold chain infrastructure, 

establishment of dependable data systems demand 

forecasting as well as stock management, enhanced 

community partnerships to confront vaccine hesitancy, 

increased stakeholder collaboration, and investment in the 

education of healthcare providers to facilitate proper 

vaccine treatment and handling, and administration. All 

these plans will have to be done in the way they serve more 

underserved communities and consider the local needs [24]. 

Mitigation strategies for bridging the gaps in immunization 

supply chain management are depicted in Figure 6. 



 Universal Journal of Public Health 13(5): 1343-1352, 2025 1349 

 

 

Figure 6.  Mitigation strategies for bridging the gaps in immunization supply chain management 

Key areas to focus on: 

- The Cold Chain Management: 

 Proper maintenance and replacement of cold 

chain facilities such as refrigerators and vaccine 

carriers on a regular basis. 

 Installations of temperature monitoring systems 

that have an alert in case of a breach. 

 Training of the healthcare workers with respect 

to best practices of cold chain. 

- Datasets and Information systems: 

 Keeping and monitoring the stock of all the 

vaccines, expiry date, and distribution 

information. 

 Introduction of demand forecasting models that 

will better forecast the amount of vaccine 

required depending on the population 

characteristics and patterns of the disease [25]. 

- Logistics and Distribution: 

 Maximization of transportation routes and 

schedules in a manner that guarantees the 

delivery of vaccines on time. 

 Use of reputable logistics companies to deal with 

vaccines. 

 Setting up effective distribution channels even in 

the distant regions [26]. 

- Community Engagement: 

 Creation of awareness through community 

outreaches on the need to immunize. 

 Possible solutions to improving the vaccine 

hesitancy issue through the presentation of 

reasonable information and mitigating fear. 

 Motivating the people in the community 

leadership and influencers to encourage vaccine 

adoption. 

- Stakeholder Collaboration: 

 Promoting collaboration with state institutions, 

medical organizations, drug companies, and 

non-governmental ones. 

 Ensuring communication to flow efficiently to 

exchange information and organize operations. 

- Capacity Building: 

 Providing comprehensive training to healthcare 

workers on vaccine administration, storage, and 

reporting. 

 Equipping healthcare facilities with necessary 

supplies and equipment for vaccination services. 

- Specific strategies to consider depending on 

context: 

 Technology Integration: Utilize digital platforms 

for vaccine inventory management, real-time 

tracking, and data analysis. 

 Targeted Interventions: Design strategies to 

reach marginalized populations with limited 

access to vaccines. 

 Performance Monitoring: Regularly assess the 

immunization supply chain to identify 

bottlenecks and implement corrective actions. 

 Research and Development: Support research on 

new vaccine formulations, delivery systems, and 

cold chain technologies. 

4.4. Mitigation Strategies for Bridging the Gaps in 

NCD Program 

To address the supply chain management of an NCD 

program in India, key strategies include: strengthening the 

healthcare infrastructure at primary healthcare centers, 

implementing robust inventory management systems, 
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utilizing digital platforms for tracking and monitoring, 

fostering strong public-private partnerships, ensuring 

proper drug storage and distribution, and training 

healthcare workers on NCD medication management; 

consistent availability of essential NCD medicines across 

different levels of the healthcare system [27]. Figure 7 

depicts the mitigation strategies for bridging the gaps in 

NCD program. 

Figure 7.  Mitigation strategies for bridging the gaps in NCD program 

 Strengthening healthcare workforce: Training and 

capacity building for primary healthcare providers on 

NCD diagnosis and management. 

 Infrastructural enhancement: Enhancement of 

primary healthcare facilities in terms of providing 

required diagnostic tools as well as storage of 

medicines. 

 Streamlined supply chain: This is done by adopting 

effective procurement and distribution systems by 

maintaining chains of reliable suppliers and strong 

inventory arrangements. 

 Integrated health information systems: 

Establishment of strong electronic health records to 

gauge NCD patients and keep a record on the use of 

medications. 

 Community based interventions: It is through 

community initiatives and establishing health 

awareness popularity and community involvement 

programs to ensure preventive measures and early 

awareness among the community. 

 Public-private partnerships: Cooperating with the 

sources of the private sector to enhance the 

availability of affordable NCD drugs and health 

services. 

4.5. Case Studies and Best Practices 

1. Tuberculosis Program: The Revised National

Tuberculosis Control Program (RNTCP) has

introduced a web-based logistics management

information system (LMIS), which has increased

medicine availability and decreased stockouts. This 

model can be used in different health programs. 

2. Immunization: In certain states, the use of mobile

technology for immunization tracking has showed

promise in terms of assuring vaccine delivery to rural

locations. This strategy can be applied to improve

coverage in other health initiatives.

3. Noncommunicable Diseases (NCDs): Integrating

NCD management into primary care has improved

patient outcomes. Strengthening the referral system

and guaranteeing the availability of needed

medications can help to improve SCM for NCDs.

5. Conclusions

The effectiveness of health programs in India is heavily 

determined by the efficiency or inefficiency of their supply 

chain management systems. Addressing identified 

weaknesses in the TB program's supply chains, 

immunization campaigns, anemia control, and NCD 

management is critical to improve health outcomes. The 

government can increase the performance of these vital 

health services by taking a complete approach that includes 

data management, training, infrastructure enhancement, 

and community participation. 

The issues posed by SCM gaps necessitate immediate 

attention and coordinated actions from all stakeholders in 

public health management. India can only fulfil its public 

health goals and ensure equitable access to healthcare if it 

takes a holistic and coordinated strategy. 

Declaration of Conflicting Interests 

The author(s) declared no potential conflicts of interest 

with respect to the research, authorship, and/or publication 

of this article. 

Funding 

No funding was received. 

Authors' Contributions 

Saurabh Kumar Banerjee: Conceptualization, – Original 

Draft Preparation, Formal Analysis, Methodology, 

Validation, Visualization, Review & Editing. 

Moon Moon Lahiri: Data Curation, Formal Analysis, 

Validation, Review & Editing. 

Devika Agarwal: Literature Review and formulating the 

PRISMA FLOW DIAGRAM. 

Baljot Kaur: Literature Review, Formal Analysis, 

Validation. 



 Universal Journal of Public Health 13(5): 1343-1352, 2025 1351 

 

 

REFERENCES 

[1] B. Mathur, S. Gupta, M. L. Meena, and G. S. Dangayach, 
“Healthcare supply chain management: literature review 
and some issues,” Journal of Advances in Management 
Research, vol. 15, no. 3, pp. 265–287, Jul. 2018, doi: 
10.1108/JAMR-09-2017-0090/FULL/XML. 

[2] A. Khanna, R. Saha, and N. Ahmad, “National TB 
elimination programme - What has changed,” Indian J Med 
Microbiol, vol. 42, p. 103, Mar. 2022, doi: 
10.1016/J.IJMMB.2022.10.008. 

[3] É. Ansbro, R. Issa, R. Willis, K. Blanchet, P. Perel, and B. 
Roberts, “Chronic NCD care in crises: A qualitative study 
of global experts’ perspectives on models of care for 
hypertension and diabetes in humanitarian settings,” J Migr 
Health, vol. 5, p. 100094, Jan. 2022, doi: 10.1016/J.JMH.2
022.100094. 

[4] R. Filip, R. Gheorghita Puscaselu, L. Anchidin-Norocel, M. 
Dimian, and W. K. Savage, “Global Challenges to Public 
Health Care Systems during the COVID-19 Pandemic: A 
Review of Pandemic Measures and Problems,” J Pers Med, 
vol. 12, no. 8, p. 1295, Aug. 2022, doi:10.3390/JPM12081
295. 

[5] S. Latif et al., “Mobile technologies for managing non-
communicable diseases (NCDs) in developing countries,” 
Mobile Applications and Solutions for Social Inclusion, pp. 
261–287, May 2018, doi: 10.4018/978-1-5225-5270-3. 

[6] A. Khanna, R. Saha, and N. Ahmad, “National TB 
elimination programme - What has changed,” Indian J Med 
Microbiol, vol. 42, pp. 103–107, Mar. 2023, doi: 
10.1016/J.IJMMB.2022.10.008. 

[7] M. Pai, A. Daftary, and S. Satyanarayana, “TB control: 
challenges and opportunities for India,” Trans R Soc Trop 
Med Hyg, vol. 110, no. 3, p. 158, Oct. 2016, doi: 
10.1093/TRSTMH/TRW003. 

[8] “Mitigating TB Drug Supply Shocks: A Critical Step 
Towards TB Elimination in India - O’Neill : O’Neill.” 
Accessed: Feb. 20, 2025. [Online]. Available:https://oneill
.law.georgetown.edu/mitigating-tb-drug-supply-shocks-a-
critical-step-towards-tb-elimination-in-india/ 

[9] A. T. Mhazo, S. Miyango, L. Palani, and C. C. Maponga, 
“Tuberculosis commodities supply chain performance in 
the WHO African region: A scoping review,” PLOS Global 
Public Health, vol. 4, no. 5, p. e0003219, May 2024, doi: 
10.1371/JOURNAL.PGPH.0003219. 

[10] V. Srivastava et al., “Strengthening the immunization 
supply chain: A time-to-supply based approach to cold 
chain network optimization & extension in Madhya 
Pradesh,” Vaccine, vol. 39, no. 45, p. 6660, Oct. 2021, doi: 
10.1016/J.VACCINE.2021.09.062. 

[11] A. Flavia, B. Fred, and T. Eleanor, “Gaps in vaccine 
management practices during vaccination outreach sessions 
in rural settings in southwestern Uganda,” BMC Infect Dis, 
vol. 23, no. 1, p. 758, Dec. 2023, doi: 10.1186/S12879-023-
08776-X. 

[12] V. Srivastava et al., “Strengthening the immunization 

supply chain: A time-to-supply based approach to cold 
chain network optimization & extension in Madhya 
Pradesh,” Vaccine, vol. 39, no. 45, pp. 6660–6670, Oct. 
2021, doi: 10.1016/J.VACCINE.2021.09.062. 

[13] A. Flavia, B. Fred, and T. Eleanor, “Gaps in vaccine 
management practices during vaccination outreach sessions 
in rural settings in southwestern Uganda,” BMC Infect Dis, 
vol. 23, no. 1, p. 758, Dec. 2023, doi: 10.1186/S12879-023-
08776-X. 

[14] S. R, A. R, and P. P, “Root Cause Analysis of Gaps in Non-
communicable Disease Monitoring in a Sub-district 
Hospital, Tamil Nadu: A Quality Improvement Initiative,” 
Cureus, vol. 16, no. 3, p. e57095, Mar. 2024, doi: 
10.7759/CUREUS.57095. 

[15] M. K. Pati, N. Swaroop, A. Kar, P. Aggarwal, K. Jayanna, 
and W. Van Damme, “A narrative review of gaps in the 
provision of integrated care for noncommunicable diseases 
in India,” Public Health Rev, vol. 41, no. 1, pp. 1–16, May 
2020, doi:10.1186/s40985-020-00128-3 

[16] A. Nath, M. Shalini, and P. Mathur, “Health systems 
challenges and opportunities in tackling non-communicable 
diseases in rural areas of India,” Natl Med J India, vol. 34, 
no. 1, p. 29, Jan. 2021, doi: 10.4103/0970-258X.323661. 

[17] K. Islam, R. Huque, K. M. Saif-Ur-Rahman, A. N. M. 
Ehtesham Kabir, and A. H. M. Enayet Hussain, 
“Implementation status of non-communicable disease 
control program at primary health care level in Bangladesh: 
Findings from qualitative research,” Public Health in 
Practice, vol. 3, p. 100271, Jun. 2022, doi: 10.1016/J.PUH
IP.2022.100271. 

[18] “India 100-Day TB Elimination Campaign | Ministry of 
Health and Family Welfare | GOI.” Accessed: Feb. 20, 2025. 
[Online]. Available: https://mohfw.gov.in/?q=pressrelease-
151 

[19] H. Shah, J. Patel, S. Rai, and A. Sen, “Advancing 
tuberculosis elimination in India: A qualitative review of 
current strategies and areas for improvement in tuberculosis 
preventive treatment,” IJID Regions, vol. 14, p. 100556, 
Mar. 2025, doi: 10.1016/J.IJREGI.2024.100556. 

[20] E. M. Smale, T. C. G. Egberts, E. R. Heerdink, B. J. F. van 
den Bemt, and C. L. Bekker, “Waste-minimising measures 
to achieve sustainable supply and use of medication,” 
Sustain Chem Pharm, vol. 20, p. 100400, May 2021, doi: 
10.1016/J.SCP.2021.100400. 

[21] “Advancing TB prevention and control in India - FIND.” 
Accessed: Feb. 21, 2025. [Online]. Available: https://www
.finddx.org/what-we-do/projects/advancing-tb-prevention-
and-control-in-india/ 

[22] H. Shah, J. Patel, S. Rai, and A. Sen, “Advancing 
tuberculosis elimination in India: A qualitative review of 
current strategies and areas for improvement in tuberculosis 
preventive treatment,” IJID Regions, vol. 14, p. 100556, 
Mar. 2025, doi: 10.1016/J.IJREGI.2024.100556. 

[23] S. Burugina Nagaraja, “TB operational research in India – 
Gaps and pragmatic solutions,” Indian Journal of 
Tuberculosis, vol. 71, no. 1, pp. 3–6, Jan. 2024, doi: 
10.1016/J.IJTB.2023.10.006. 

[24] “Essential Program on Immunization.” Accessed: Feb. 
20, 2025. [Online]. Available: https://www.who.int/teams/i



1352  Policy Framework towards Identifying and Developing a Mitigation Strategy for Gaps in   

Supply Chain Management of Tuberculosis, Immunization and NCD Program of Govt of India 

mmunization-vaccines-and-biologicals/essential-
programme-on-immunization/supply-chain 

[25] “The Critical Public Health Value of Vaccines: Tackling 
Issues of Access and Hesitancy: Proceedings of a 
Workshop,” The National Academies Press, Jul. 2021, doi: 
10.17226/26134. 

[26] “Vaccine Logistic & Cold Chain Management - Importance 
of Cold Chain in Immunization.” Accessed: Feb. 20, 2025. 

[Online]. Available: https://coldchainpacking.com/vaccine
-logistic-and-cold-chain-management 

[27] K. Islam, R. Huque, K. M. Saif-Ur-Rahman, A. N. M. 
Ehtesham Kabir, and A. H. M. Enayet Hussain, 
“Implementation status of non-communicable disease 
control program at primary health care level in Bangladesh: 
Findings from qualitative research,” Public Health in 
Practice, vol. 3, p. 100271, Jun. 2022, doi: 10.1016/J.PUH
IP.2022.100271. 

 


