Vaccines Logistics Management Information System (LMIS) at Public Health Facilities of Amhara Region, Ethiopia: A Performance Evaluation

Abstract
Objectives

The study aimed to evaluate the performance of vaccine logistics management information systems at public health facilities in Amhara Region, Ethiopia. 
Methods

An institution-based concurrent explanatory mixed design was used in public health facilities in the Amhara Region of Ethiopia. One hundred two health facilities were selected using a multi-stage stratified random sampling proportionate to the size method. A structured data abstraction checklist was used to collect data from vaccine logistics management information system recordings. Additionally, an interviewer-administered questionnaire was employed to capture the experience of Expanded Program for Immunization focal persons.
Results

Of the 102 health facilities surveyed, 99 (97.1%) were providing vaccination services during the study period. The mean percentage availability and utilization of 15 vaccine logistics management information system forms on the day of the visit was 44.1% and 40.5%, respectively. The mean inventory accuracy of tracer vaccines was 58.3±45.1. The overall average percentage accuracy of the Urban and Rural Vaccine Request Form reports was 73.4% and 69.6%, respectively. 
Conclusion

The performance of vaccine logistics management information systems in public health facilities is sub-optimal. The major bottlenecks identified were the inconsistent use of vaccine logistics management information system recording forms across health facilities, shortage of reporting forms, lack of digitalization, low data quality, and absence of qualified staff. These findings indicate the need to standardize the vaccine logistics management information system and improve data quality.  
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I. Introduction 
Access to essential medicines in developing countries is one of the most pressing global health issues  [1]. Many communicable diseases that cause death and disability in developing countries can be prevented and treated, or their effect is reduced with the availability of cost-effective essential medicines, including vaccines [2,3]. Immunization saves lives, protects against serious illnesses, and is recognized as one of the most cost-effective interventions [4]. The World Health Organization (WHO) recognized equitable access to essential medicines, vaccines, and technologies as one of the building blocks for any country's health system [5].
However, one-third of the world's population and half of the population in Sub-Saharan countries do not regularly have access to life-saving essential medicines and vaccines [1,6,7]. Despite developing countries' economic constraints, structural and health system-related factors are also critical bottlenecks in the supply system of essential medicines and vaccines [8]. 
The primary purpose of the healthcare supply chain is to deliver the right product to the right customer, in the right quantity, in the right condition, to the right place, at the right time, and affordable cost [9]. Even if the healthcare supply chain is complex, achieving all these rights is a prerequisite for a well-functioning healthcare system [8,9]. 
An efficient vaccine supply chain system is critical to achieving the Expanded Program for Immunization (EPI) goal, which is one of the most impactful interventions to reduce mortality and morbidity among under-five children [4,10]. The EPI's success depends heavily on the vaccines' unique supply chain management system, including storage, transportation, handling of vaccines, and qualified personnel [4,11]. As vaccines are biological substances sensitive to temperature, they need a well-functioning end-to-end cold chain system necessary to ensure vaccine potency to the last mile point [11]. Otherwise, it may lose effectiveness quickly or become potentially dangerous [12].  

A robust vaccine logistics management information system (VLMIS) is also vital for supply management, demand prediction, and strategic planning [13]. According to WHO, an effective health information system that facilitates data production, analysis, and dissemination is crucial for a well-functioning healthcare system [5].
Likewise, an effective VLMIS, providing real-time logistics data at every healthcare level, is crucial for a resilient and successful immunization [9,11,14,15]. It aims to guarantee uninterrupted supply and optimal use of high-quality vaccines from manufacturers to service delivery points [9,16]. 
In Ethiopia, the EPI commenced in 1980, initially offering six antigens [10]. From June 2014 onward, the vaccine supply chain transitioned to a phased approach, integrating with the Ethiopian Pharmaceutical Supply Service (EPSS) 's Integrated Pharmaceutical Logistics System (IPLS). Additionally, the VLMIS has been incorporated into the IPLS through adapted LMIS tools [15,17].

Despite these efforts, studies in Ethiopia indicated many challenges at health facilities related to the quality of immunization data quality. These issues include using non-standardized data recording and reporting tools, unreliable data, shortages of recording materials, poor data quality, and limited capacity among EPI officers [10,18–21]. Similar challenges are documented in low- and middle-income countries [22]. Although vaccine logistics management is a crucial component of the EPI program, in-depth research on the vaccine logistics management information system (VLMIS) and the associated data quality issues has been lacking. Hence, evaluating the performance of the existing VLMIS is pivotal for improving the vaccine supply chain system in Ethiopia's public health facilities. 
II. Methods 
1. Study Design
An institution-based concurrent explanatory mixed study design was conducted in the Amhara Region, Ethiopia's second-most populous region. Data were collected using a combination of quantitative and qualitative approaches.  

2. Study Population 
This study population was hospitals and health centers providing EPI service and all EPI focal persons managing vaccines. Manual and Digital VLMIS implemented in the region were considered for the evaluation.
3. Sampling Procedure 
Six Zonal and two city administrations were selected and stratified into three clusters based on the locations of EPSS hubs. Fifteen percent of facilities were included based on USAID's Logistics Indicators Assessment Tool (LIAT) recommendation [23]. A multi-stage stratified random sampling approach was employed, with sample sizes for each Zone and District allocated proportionally. One hundred-two facilities participated, including referral hospitals, general hospitals, primary hospitals, and health centers.
4. Inclusion and Exclusion Criteria
Inclusion Criteria 
· All Zonal Administrations
· Public health facilities, functional for more than one year 
· EPI focal persons > six months of experience for the qualitative interview 
· Manual/digital VLMIS implemented in more than one Zonal administration
Exclusion Criteria 
· Health facilities were damaged in conflict-affected areas or had security problems during the study. 
· Manual and digital information management tools for other health services
· Health Posts  
5. Data Collection Process 
The study employed a structured data abstraction checklist and interviewer-administered questionnaires for quantitative data collection while guiding questions were used for qualitative data collection. The tools were adapted from the WHO, the Ministry of Health, and the Amhara Regional Health Bureau. Data was extracted from vaccine ledger books, VRF reports, and VLMIS forms. The interviewer-administered questionnaires captured information from EPI focal regarding their experiences and the performance of the VLMIS in their facilities. Additionally, observations and physical counts were conducted for selected vaccines in the refrigerators to verify inventory accuracy. Qualitative information was gathered from the EPI focal using guiding questions.

6. Data Quality Assurance
A triangulation technique was employed to ensure the validity of the data. Data collection tools were adapted from the WHO and the FMOH and validated by ten experts in the field. These tools underwent pre-testing, and necessary amendments were made before data collection began. The data was collected by qualified health supply chain management postgraduate students who received two training days before data collection. Field supervisors were also involved in checking the completeness of the data daily.
7. Data Analysis and Interpretation 
Quantitative data were thoroughly checked for completeness and consistency before being entered into Epi Info software. After validation, the data was exported to SPSS Version 23.0 for detailed descriptive statistical analysis. The results were then presented using graphs and tables and interpreted according to the study objectives. Qualitative data, capturing the experiences of EPI focal persons regarding VLMIS performance, were analyzed using thematic analysis. This process included the translation of audio recordings, followed by manual coding of the data. Then, key themes and patterns were identified and interpreted to understand the VLMIS from the users' perspectives comprehensively. 

III. Results
1. General Information 
Out of 102 public health facilities in the study, VLMIS data was collected from 99. Two facilities did not start EPI service, and one was interrupted due to being converted into a COVID-19 treatment center. Among these, 37 (37.4%) were in urban areas, while the rest were rural. Of most surveyed facilities, 84 (84.8%) were health centers, with the rest being primary hospitals, general hospitals, and referral hospitals, accounting for 9 (9.1%), 3 (3%), and 3 (3%), respectively (Figure 1). 
Among the facilities surveyed, 68 (68.7%) had no separate vaccine storage room; they used shared spaces with immunization service areas. Almost all facilities, except one, had an assigned EPI focal person. Manual VLMIS was used in all facilities, with none employing digital VLMIS.
All surveyed facilities have at least one functional refrigerator. During the visit, the average availability of functional temperature monitoring devices inside these refrigerators was 93.9% (SD±17.8). Among these devices, temperature recording charts were available on average at 89.5% (SD±23.1). Over a month, only 82 (82.8%) facilities consistently recorded fridge temperatures according to WHO recommendations. 

2. Availability and Utilization of VLMIS forms
The mean percentage availability of 15 VLMIS forms during the study was 44.1%, with a mean utilization rate of 40.5%. The vaccine request form (VRF), a monthly consumption report and order request, was found in 96 (97%) surveyed facilities. At the same time, the Bin Card and Stock Card, used for stock-keeping records, were available in only one or none of the facilities. The VRF had a better supply for three months (93.9%), whereas the vaccine accuracy analysis tool form was in an exceptionally deficient supply (5.1%) (Table 1).  
3. Data Quality 
VLMIS data quality was evaluated across four dimensions: inventory accuracy rate, timeliness, completeness, and accuracy. The first dimension assessed stock-keeping records, while the remaining three focused on VRF reports. Three essential tracer vaccines for child care and routine immunization were examined for inventory accuracy, while all eight tracer vaccines were used for the other data quality dimensions.
Inventory Accuracy Rate for Vaccines 
Out of the 99 facilities providing vaccination services, only 84 (84.8%) were using the vaccine stock management ledger book, with just 42 (50%) updating it before the day of the visit. The mean inventory discrepancy rate (Min, Max) for three tracer vaccines, including Penta, BCG, and Measles, was found to be 15.9±42.1 (0, 255.2), 26.5±59.6 (0, 350), and 25±66.3 (0, 400), respectively. The overall mean inventory accuracy rate for tracer vaccines was 58.3±45.1.
Timeliness of VRF Reports
Public health facilities are required to submit monthly vaccine consumption and demand requests using VRF. Woreda health offices or EPSS branches then supply vaccines based on these reports. This study reviewed one year of monthly VRF reports to assess their timeliness. In the most recent reporting period, 85 (85.9%) facilities correctly indicated the reporting date, while 13 (13.1%) did not submit a report. Alarmingly, 44 (44.4%) facilities lacked a VRF report in the 12th reporting period. About 65 (65.7%) facilities sent VRF reports on time in the recent period, but only 41 (41.4%) did so in the latest period. The trend shows a decline in facilities' timeliness of VRF reports over time (Figure 2).
Completeness of VRF Reports
Public health facilities utilize separate versions of VRF for urban and rural settings, yet these forms need to be used more clearly and consistently. Three rural facilities used urban VRF, while 12 urban facilities used rural VRF. Completeness for urban and rural facilities was assessed using the VRF used during the visit as a frame of reference.

Urban VRF Report Completeness 
Of the 28 health facilities utilizing the urban VRF, 26 had recent VRF reports, resulting in an overall completeness percentage of 88.4%. The data element with the highest completeness score was "Quantity of vaccines received" at 95.6%, while the lowest score was for the "Loss/Adjustment" element at 76.1% (Table 2). 
Rural VRF Report completeness 
Of 71 health facilities using the rural VRF, 60 had recent reports, resulting in % overall completeness of 87.8%. The data element "beginning balance" achieved the highest completeness at 98.3%, while "doses discarded" and "vaccinations given in the last supply period" had the lowest completeness scores at 79.8% and 40.8%, respectively (Table 3). 
Accuracy of VRF Reports
Similarly, accuracy was assessed for both versions of VRF dedicated to urban and rural settings.
Urban VRF Report Accuracy  
VRF report accuracy was evaluated solely in the most recent reports. The overall average accuracy of these reports in facilities was 73.4%. "Quantity received" had the highest accuracy score at 90.6%, while "Quantity needed to (Requested amount)" and "Maximum stock" had the lowest scores at 62.5% and 58.3%, respectively. The average accuracy rate for all eight vaccines across health facilities was below 75% (Table 4). 
Rural VRF Report Accuracy  
The average VRF report accuracy rate for all eight vaccines in health facilities using rural VRF was 69.6%. The highest accuracy score was for "Receiving during the last supply period" at 89.4%, while the lowest was for "Vaccinations given in the last supply period" at 31.3% (Table 5). 
4. EPI Focal Persons’ Experience and Reflection towards VLMIS Performance 
Out of 99 facilities assessed for VLMIS performance, 98 had EPI focal persons managing the vaccine supply chain. A total of 96 EPI focal persons were interviewed, with an average age of 28.97±4.21. The majority (51, 53.1%) were female nurses. Regarding academic qualifications, 36 (37.5%) held bachelor's degrees, and 60 (62.5%) had diplomas. On average, they had 6.9±4.03 years of professional experience, with 2.1±1.54 years as EPI focal persons. Their average experience in other pharmaceutical supply chain-related activities was 0.3±0.87 years.
Experience of EPI focal towards VLMIS Performance 
Vaccine Logistics Training 
Of the EPI focal persons surveyed, 83 (86.5%) reported participating in vaccine and cold chain logistics management-related training. The most commonly cited training topics were "Effective vaccine management," "EPI vaccine management," and "Vaccine cold chain management," mentioned by 37 (44.6%), 28 (33.7%), and 25 (30.1%) of the EPI focal persons who had received training, respectively (Figure 3). 
VLMIS Supportive Supervision 
Among the EPI focal persons surveyed, only 73 (76%) reported receiving supportive supervision for vaccine supply chain management and VLMIS-related issues. Of these, 25 (34.2%) claimed to have received supervision within the last month, while 27 (37.0%), 11 (15.1%), and 10 (13.7%) reported receiving it 1-3 months ago, 3-6 months ago, and more than six months ago, respectively. The primary organizations providing supportive supervision were the Woreda Health Office, Zonal Health Department, and joint teams from organizations and NGOs, cited by 30 (41.1%), 15 (20.5%), 15 (20.5%), and 11 (15.1%) respondents, respectively (Figure 4). 
Supportive supervision mainly focused on vaccine ledger book recording, Vaccine Vial Monitor checking, temperature monitoring, cold storage management, immunization monitoring, VRF reporting, Micro plan preparation, data quality, vaccine wastage recording, forecasting, and availability of LMIS forms. EPI focal persons claimed that there was an improvement in the respective areas after the supportive supervision. 
VLMIS Feedback 
Of the 96 EPI focal persons interviewed, only 33(34.4%) received written feedback from the higher institutions last year. The majority, 24 (72.7%), got written feedback from the Woreda Health Office and the rest from the Zonal Health Department and Regional Health Bureau. Of those, only 19 (57.6%) got written feedback in the recent quarter (3 months). 
Challenges and Suggestions to Improve VLMIS 
EPI focal persons share challenges and recommendations for improving VLMIS in health facilities, summarized thematically below (Table 6). 
IV. Discussion 
This survey has attempted to evaluate the status of the VLMIS in the Amhara Region of Ethiopia. Vaccines' supply chain management system needs a unique, well-equipped infrastructure [11]. Only 68 (68.7%) surveyed health facilities in this study have dedicated vaccine storage rooms. In addition, only 93.9% (SD±17.8) of the functional refrigerators had functional temperature monitoring devices. Poor road infrastructure, lack of power backup, and lack of ICT materials were the main infrastructural challenges in the studied facilities. EPI focal persons' responses and other studies highlight these infrastructural issues as major bottlenecks to efficient vaccine management and VLMIS [13,15]. These challenges might grimly affect the supply chain in ensuring vaccine potency to the last mile and its information management system [11]. The present study showed that close to 17% of the facilities did not regularly record the temperature in the cold room as per the WHO recommendation [11].
A well-designed supply chain system captures reliable and timely information through standardized logistics recording forms [5]. Out of the 15 VLMIS forms intended for use in surveyed health facilities, the mean utilization rate was 40.5%. The VRF had higher availability and utilization compared to the "bin card" and "stock card," which were nearly unused. This discrepancy indicates gaps in the design and implementation of VLMIS in public health facilities. Similar challenges with VLMIS are reported in studies conducted in Northwest Ethiopia [20,21] and Uganda [22]. These challenges related to VLMIS forms will significantly impact data quality and ultimately affect the immunization program [11,14,15].

This study assessed VLMIS quality across four dimensions. Out of the surveyed facilities, only 84 (84.8%) utilized the vaccine stock management ledger book, with just 42 (50%) updating it before visits. The mean inventory accuracy rate for three tracer vaccines (Penta, BCG, and Measles) was 58.3±45.1. Other research highlights challenges such as shortage of recording formats, limited EPI manager capacity, lack of data visibility, and digitalization hurdles as major factors contributing to low inventory data quality [18,19,24]. The vaccine stock management gap and low inventory accuracy could result in incorrect demand forecasting, procurement, and distribution, potentially impacting numerous lives and resulting in high vaccine wastage [25]. 
Health facilities must submit monthly consumption reports and demand requests to the Woreda health office or EPSS branches [26]. In a one-year review of monthly Vaccine Request and Fulfillment (VRF) reports, 13 (13.1%) facilities lacked a report in the most recent reporting month, and 44 (44.4%) lacked a report in the latest month. Additionally, only 65 (65.7%) of facilities submitted VRF reports on time in the recent monthly report and 41 (41.4%) in the latest report. This inconsistency in report timeliness could lead to vaccine supply interruptions, affecting vaccination program goals, as seen in multiple studies [9,11,14,15,24,27].

In low- and middle-income countries, one of the challenges regarding data quality is the completeness of logistics data elements in reports [28]. In this study, vaccine report forms are inconsistently used between urban and rural facilities. The average completeness percentage of eight tracer medicines across seven data elements was 88.4% for facilities using the Urban VRF and 87.8% for those using the rural VRF. Inconsistencies in report forms and completeness gaps could impact vaccine demand forecasting and supply planning, as each data element in the VRF is crucial for informed decision-making [13].  
Similarly, the accuracy of both Urban and Rural VRF reports was assessed. Facilities using the Urban VRF achieved an overall accuracy of 73.4%, while those using the rural VRF attained 69.6%. Low VRF report accuracy could jeopardize supply chain efficiency and lead to wrong decisions. Reports from the Ethiopian Ministry of Health and other studies have also highlighted poor data quality as a significant issue in the healthcare system [15,24,27]. 

Poor data quality in VLMIS may interrupt supply and ultimately affect child lives. This low VLMIS data quality might be because all health facilities use manual VLMIS. Implementing digital VLMIS requires additional infrastructure and ICT materials, but it enhances data quality and improves supply chain efficiency, as seen in Tanzania and elsewhere [29,30]. 
With its uncertain demand and need for specialized cold chain systems, the vaccine supply chain requires management by qualified professionals with specific expertise [11]. However, this study found that professionals managed health facilities' vaccine supply chains without relevant pre-service training. EPI focal persons also noted gaps in regular supportive supervision and higher-level feedback. Inconsistent use of VLMIS forms, combined with inadequate training in vaccine management, has significantly impacted the effectiveness of the immunization program. This underscores the necessity for a standardized monitoring and evaluation framework for VLMIS [15]. 
In conclusion, a robust health system requires a well-integrated supply chain and LMIS. Despite Ethiopia's efforts to improve its health commodities supply chain, this study reveals shortcomings in the Vaccine LMIS in public health facilities. Identified bottlenecks include VLMIS form inconsistencies and shortages, lack of digitalization, poor data quality, infrastructure gaps, insufficient supportive supervision, and staffing issues. These findings underscore the necessity for standardizing the VLMIS and improving data quality.
Limitation of the Study
The study's findings might not be generalized to other regions due to context-specific differences in health infrastructure and local challenges. The absence of an electronic recording system for VLMIS might be prone to personal errors in data abstraction from physical records.
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