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Abstract

Background: The availability of essential medicines and medical supplies is
crucial for effectively delivering healthcare services. In Zambia, the Logistics
Management Information System (LMIS) is a key tool for managing the sup-
ply chain of these commodities. This study aimed to evaluate the effectiveness
of LMIS in ensuring the availability of essential medicines and medical sup-
plies in public hospitals in the Copperbelt Province of Zambia. Materials and
Methods: From February to April 2022, a cross-sectional study was conducted
in 12 public hospitals across the Copperbelt Province. Data were collected us-
ing structured questionnaires, checklists, and stock control cards. The study
assessed LMIS availability, training, and knowledge among pharmacy person-
nel, as well as data accuracy, product availability, and order fill rates. Descrip-
tive statistics were used to analyse the data. Results: All surveyed hospitals had
LMIS implemented and were using eLMIS as the primary LMIS. Only 47% and
48% of pharmacy personnel received training in eLMIS and Essential Medicines
Logistics Improvement Program (EMLIP), respectively. Most personnel demon-
strated good knowledge of LMIS, with 77.7% able to log in to eLMIS Facility
Edition, 76.6% able to locate stock control cards in the system, and 78.7% able
to perform transactions. However, data accuracy from physical and electronic
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records varied from 0% to 60%, and product availability ranged from 50% to
80%. Order fill rates from Zambia Medicines and Medical Supplies Agency
(ZAMMSA) were consistently below 30%. Discrepancies were observed be-
tween physical stock counts and eLMIS records. Conclusion: This study found
that most hospitals in the Copperbelt Province of Zambia have implemented
LMIS use. While LMIS implementation is high in the Copperbelt Province of
Zambia, challenges such as low training levels, data inaccuracies, low product
availability, and order fill rates persist. Addressing these issues requires a com-
prehensive approach, including capacity building, data quality improvement,
supply chain coordination, and investment in infrastructure and human re-
sources. Strengthening LMIS effectiveness is crucial for improving healthcare
delivery and patient outcomes in Zambia.
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1. Introduction

Access to essential medicines and medical supplies is a fundamental human right
and a critical component of a well-functioning health system. Governments in
most countries have increased spending significantly to ensure the availability of
medicines and medical supplies [1]. However, despite increased investment, the
availability of essential medicines in health facilities in many low- and middle-
income countries, particularly in sub-Saharan Africa, remains extremely low [2]
[3]. This is often attributed to the lack of a well-functioning supply chain [4].

Logistics Management Information Systems (LMIS) plays a crucial role in man-
aging the supply chain of essential medicines and medical supplies. An LMIS is a
system of records and reports, whether paper-based or electronic, used to aggre-
gate, analyse, validate, and display data from all levels of the supply chain, ena-
bling informed decision-making and effective supply chain management [5]. Lo-
gistics professionals emphasize the importance of LMIS in ensuring accurate sup-
ply chain information, as without precise insights into needs and inventory, oper-
ational efficiency at every level becomes challenging [5] [6]. Some of the imple-
mented LMIS systems include a combination of web-based and mobile-based
technologies to track inventory levels, monitor stockouts, and optimize logistics
operations [4].

Studies conducted in Ethiopia have shown that the unavailability of tracer drugs
in public health facilities was largely due to poor use of records and inadequate
supply [6] [7]. Other studies have attributed this to insufficient health staff, lead-
ing to reduced usability of the health systems [7]. However, there is a lack of stud-
ies assessing the role of LMIS in the availability of essential medicines and medical

supplies in Zambian public health facilities.
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Zambia, like many other sub-Saharan African countries, faces significant chal-
lenges in ensuring access to essential medicines and medical supplies [4] [8]. The
Zambian government has made efforts to improve the availability of essential
medicines through various initiatives, such as the Essential Medicines Logistics
Improvement Programme (EMLIP) and the decentralising of the procurement
function through the Zambia Medicines and Medical Supplies Agency (ZAMMSA)
[9] [10]. These initiatives aim to strengthen the supply chain management of es-
sential medicines and medical supplies in the country.

Despite these efforts, studies have highlighted persistent challenges in the Zam-
bian public health supply chain. A previous study in public health facilities in
Zambia reported that stock-outs of essential medicines were common, with an
average stock-out rate of 30% across all levels of care [4]. The study also identified
weaknesses in the LMIS, such as incomplete and inaccurate data, as contributing
factors to the stock-outs [4]. The present study evaluated the effectiveness of the
LMIS in ensuring the availability of medicines and medical supplies in public hos-

pitals in the Copperbelt Province of Zambia.

2. Materials and Methods
2.1. Study Site

0 500 1,000
KM

Figure 1. Map of the Copperbelt province of Zambia [11].
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The study was conducted in the Copperbelt Province of Zambia (Figure 1). A
total of 12 hospitals were selected which included Ndola Teaching Hospital and
Arthur Davison’s Children’s Hospital in Ndola, Roan Antelope Hospital and
Thompson Hospital in Luanshya, Masaiti District Hospital in Masaiti, Kakoso
Level 1 Hospital in Chililabombwe, Kitwe Teaching Hospital in Kitwe, Kalulushi
General Hospital in Kalulushi, Ronald Ross Hospital and Kamuchanga District
Hospital in Mufulira, Nchanga North General Hospital in Chingola and Lufwan-
yama District Hospital in Lufwanyama. The chosen Tertiary and Secondary-level
hospitals are the main referral hospitals in the districts with Ndola Teaching Hos-
pital, Kitwe Teaching Hospital and Arthur Davison Children Hospital serving as

specialist hospitals for the rest of the province.

2.2. Study Design

We employed a facility-based, cross-sectional descriptive design to assess the ef-
fectiveness of the Logistics Management Information System (LMIS) in managing
essential medicines and medical supplies across public hospitals in Copperbelt

Province, Zambia.

2.3. Study Population, Sample Size Determination, and Sampling
Procedures

The included hospitals were selected because they were the main referral hospitals
in the districts across the Copperbelt Province. A purposive sampling method was
used to sample the hospitals that met the inclusion criteria of being a referral hos-
pital. The study population consisted of pharmacy personnel working in 12 public
hospitals across Copperbelt Province, which included level one hospitals (Kakoso
Level 1 Hospital, Kamuchanga District Hospital, Lufwanyama District Hospital,
Thomson District Hospital and Masaiti District Hospital), level two (Nchanga
North General Hospital, Kalulushi General Hospital, Ronald Ross General Hos-
pital and Roan Antelope General Hospital), and level three hospitals (Kitwe
Teaching Hospitals, Ndola Teaching Hospital and Arthur Davison Children’s
Hospital). According to data from the Pharmacy unit at the Ministry of Health
(MOH)—Provincial Health Office (PHO) in the Copperbelt Province, the total
number of pharmacy personnel in these hospitals was 120 comprising Pharma-
cists, Pharmacy Technologists, and Pharmacy Dispensers.

The sample size was calculated according to methods described for the sample
size for cross-sectional studies described previously [12]. Due to the absence of
similar studies, we adopted a conservative prevalence proportion of 50%, an error
margin of 5% and extrapolated to a finite population of 120 pharmacy personnel.
A minimum sample size of 92 participants was required. A total of 102 pharmacy
personnel were approached to participate in the study with 94 finally enrolled in
the study giving a response rate of 92%. All pharmacy personnel present during
the period of data collection were enrolled in a continuous manner from the

health facility study sites.
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2.4. Data Collection Procedures and Measurements

Data were collected using structured questionnaires, checklists, and both elec-
tronic and physical stock control cards. The structured questionnaire assessed the
pharmacy staff’s awareness of the LMIS for essential medicines and medical sup-
plies. The questionnaire covered aspects such as staff’s knowledge of LMIS pur-
pose, functionality, and their roles and responsibilities within the system. Check-
lists were used during interviews with hospital Heads of Pharmacy departments
and supply chain personnel to gather information on LMIS implementation, chal-
lenges, and perceived effectiveness.

To assess the accuracy of stock control data and validate electronic LMIS rec-
ords, we selected 10 medicines and medical supplies from the tracer availability
list as approved by the Ministry of Health. These items were chosen based on their
essential nature, high usage, and potential impact on patient care. Physical stock
counts were conducted in pharmacy storage areas, and the results were compared
with the data on both electronic and physical stock control cards.

To ensure data quality, survey instruments were validated through expert re-
view by 2 faculty members from the Department of Pharmacy at The University
of Zambia, and pilot testing was done among 20 pharmacy personnel from the
University Teaching Hospital and Chilenje Level 1 Hospital in Lusaka. The find-
ings from the pilot study were not included in the final dataset and were used to
optimise the data collection instruments. All the data collectors underwent com-
prehensive training on the study protocols, data collection tools, and ethical con-

siderations before the commencement of the study.

2.5. Data Processing and Analysis

Data processing and analysis were conducted using Microsoft Excel 2010 (Mi-
crosoft, Redmond, WA, USA). The collected data were entered into Excel spread-
sheets and data cleaning processes, including range and consistency checks, were
employed to minimize errors and enhance data reliability. Descriptive statistics
were used to summarize the data, including frequencies and proportions for cat-
egorical variables such as staff awareness of LMIS, availability of essential medi-
cines and medical supplies, and accuracy of stock control data.

2.6. Ethical Approval

Approval for the study was granted by the University of Lusaka Committee. Ad-
ditionally, permission to conduct the study in the health facilities was sought from
the Provincial Health Office and the heads of respective hospitals. Informed con-
sent was obtained from all study participants and all collected data were restricted
to the investigators.

3. Results
3.1. Demographic Information

The study included 94 participants of which 54.3% were male. Close to two-thirds
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(60.6%) of the respondents were pharmacists while 2.1% were Pharmacy Dispens-
ers. A third of the participants (33.0%) had work experience between five and ten
years (Table 1).

Table 1. Demographic information of participants.

Category Frequency (N = 94) Percentage (%)

Gender

Male 51 54.3%

Female 42 44.7%

Prefer not to say 1 1.1%
Qualification

Pharmacist 57 60.6%

Pharmacy Technologist 35 37.2%

Pharmacy Dispenser 2 2.1%

Years in Practice

Less than 1 year 2 2.1%
Between 1 and 3 years 13 13.8%
Between 3 and 5 years 27 28.7%
Between 5 and 10 years 31 33.0%
Above 10 years 21 22.3%

3.2. LMIS Availability and Training

All respondents confirmed the availability and use of the Logistics Management
Information System (LMIS) in their healthcare facilities, indicating a 100% imple-
mentation rate. However, less than half of the respondents reported having re-
ceived training in either eLMIS (47%) or the Essential Medicines Logistics Im-
provement Program (EMLIP) (48%) (Table 2).

Table 2. LMIS availability and training.

Percentage of Respondents

LMIS Type Indicating “Yes”
Availability of LMIS in healthcare facilities 100%
Use of electronic LMIS (eLMIS) in healthcare facilities 100%
Training in eLMIS among healthcare personnel 47%

Training in the Essential Medicines Logistics Improvement

48%
Program (EMLIP) among healthcare personnel ’
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3.3. Knowledge of Pharmacy Personnel on LMIS

Among the respondents familiar with different types of eLMIS (63.8%), the ma-
jority (71.7%) were familiar with both facility and central editions, while 26.7%
were familiar with the facility edition only, and 16.7% with the central edition only
(Table 3). A significant proportion of respondents reported being able to perform
essential tasks in eLMIS, such as logging in (77.7%), locating the Stock Control
Card (76.6%), performing transactions (78.7%), and generating and sending re-
ports (74.5%) (Table 3).

Table 3. Knowledge of pharmacy personnel on LMIS.

Question n (%)

Are you familiar with the different types of e-LMIS?
Yes 60 (63.8%)
No 34 (36.2%)

Types of eLMIS respondents are familiar with

Both facility and Central Editions 43 (56.6%)
Facility Edition 20 (26.3%)
Facility Edition, Central Edition 3(3.9%)

Central Edition 10 (13.2%)

Are you able to log in to the e-LMIS?
Yes 73 (77.7%)

No 21 (22.3%)

Are you able to locate the Stock Control Card in the e-LMIS?

Yes 72 (76.6%)
No 21 (22.3%)
Maybe 1(1.1%)

3.4. Data Accuracy, Product Availability, and ZAMMSA Order Fill
Rates

Table 4 summarizes the key metrics analysed for the 12 sampled hospitals, focus-
ing on data accuracy, product availability, and ZAMMSA order fill rates. Data
accuracy, which compares physical counts, physical stock control card balances,
and electronic stock control card balances, ranges from 0% to 60%, with several
hospitals having incomplete data (N/A). Product availability for the 10 sampled
essential medicines and medical supplies varies between 50% and 80%, indicating
substantial stockout issues. ZAMMSA order fill rates are consistently low, with

most hospitals reporting rates below 30%.
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Table 4. Summary of key metrics for sampled hospitals and products.

Hospital Data Accuracy Pr.odu.c.t ZAMMSA Order
Availability Fill Rate
1 0% 50% 20%
2 20% 80% 25%
3 20% 80% 24%
4 30% 60% <20%
5 30% 60% 10% - 20%
6 N/A 50% <20%
7 20% 50% 10% - 22%
8 60% 60% <30%
9 50% 50% 20%
10 N/A 60% 21%
11 40% 60% <23%
12 40% 60% 17%

Note: N/A indicates that data was not available for the respective hospital.

3.5. Availability of Medicines and Medical Supplies

Soluble Insulin (10ml) [ A — 75
Examination Gloves, Size M (100) [ —————— 58.3
Paracetamol tablet 500mg (1000) 'Sy E———————— 50
Sulphadoxine + Pyrimethamine (1000) F 42
Pethidine 50mg/mi (1m) | ae
Dental Lignocaine 2% (2r) e, o
Hydrocortisone inj. o
Sodium Chloride 0.9% (500m!) | P — 83.3
Aminophylline Injection | Tp— 02
Diazepam 10mg/2mi in;. | — 02

0 10 20 30 40 50 60 70 80 90 100
m el MIS Stock Out % ® Physical Stock Out %

Figure 2. Comparative analysis of Stockouts in health facilities for selected medicines and medical supplies.
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Figure 2 depicts the stockout percentages for ten selected medicines and med-
ical supplies across health facilities in the Copperbelt Province on the date of data
collection, using both physical count and electronic Logistics Management Infor-
mation System (eLMIS) stock control cards. The graph reveals significant discrep-
ancies between the two methods: 16.6% of facilities reported a stockout of Soluble
Insulin (10 ml) based on physical counts, whereas the eLMIS recorded a 75%
stockout rate.

25.0% of facilities experienced a stockout of examination gloves (size M) ac-
cording to physical counts, compared to 58.3% reported by eLMIS. No stockouts
were recorded for Paracetamol tablet 500 mg (1000) based on physical counts,
while the eLMIS reported a 50% stockout rate (Figure 2).

4. Discussion

The study findings highlight the critical role of the LMIS in ensuring the availa-
bility of essential medicines and medical supplies in public hospitals in the Cop-
perbelt Province of Zambia. The 100% implementation rate of LMIS in the
healthcare facilities surveyed demonstrates the Zambian government’s commit-
ment to improving the supply chain management of essential medicines. How-
ever, the low levels of training among pharmacy personnel in eLMIS (47%) and
EMLIP (48%) suggest a need for increased capacity building to optimise the utili-
zation of these systems.

The knowledge of pharmacy personnel on LMIS was generally good, with a ma-
jority being able to perform essential tasks such as logging in, locating stock con-
trol cards, performing transactions, and generating reports. This finding is con-
sistent with a previous study which highlighted the importance of staff knowledge
and skills in the effective use of LMIS [13]. However, the discrepancies observed
between physical stock counts and electronic LMIS records emphasize the need
for regular data validation, quality assessments and audits to maintain accurate
inventory information. This finding aligns with the study which identified data
accuracy as a critical challenge in the supply chain management of essential med-
icines in Zambia [4].

The low product availability and Zambia Medicines and Medical Supplies
Agency (ZAMMSA) order fill rates observed in the sampled hospitals indicate sig-
nificant challenges in ensuring a consistent supply of essential medicines and
medical supplies. These findings are consistent with previous studies in Zambia
and other low- and middle-income countries, which have reported high stockout
rates and inadequate supply of essential medicines [4] [8] [14]. Addressing these
challenges requires a multi-faceted approach, including strengthening collabora-
tion between healthcare facilities and ZAMMSA, improving forecasting and sup-
ply planning processes, and investing in infrastructure and human resources for
supply chain management.

The variations in stockout data between physical and eLMIS records under-

score the importance of data quality and validation in the effective management
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of essential medicines. This finding is consistent with those reported in Ethiopia,
which emphasizes the need for regular data quality assessments and feedback
mechanisms to improve the accuracy and reliability of LMIS data [15]. Strength-
ening data quality assurance processes and providing ongoing training to phar-
macy personnel can help address this challenge.

The findings of this study are consistent with previous research on the imple-
mentation and effectiveness of LMIS in low- and middle-income countries. A
study in Uganda found that while LMIS implementation was high, data quality
and stock availability remained a significant challenge [16]. Similarly, a study in
Tanzania highlighted the importance of staff training and data quality in the ef-
fective use of eLMIS for managing essential medicines [17]. We believe that en-
hanced staff training can improve their knowledge and attitudes towards LMIS
and its importance in promoting data quality and availability of essential medi-
cines in hospitals.

The challenges identified in this study, such as low product availability and or-
der fill rates, are consistent with findings from other studies in sub-Saharan Af-
rica. Studies conducted in Zambia, Kenya, and Uganda found that stockout rates
for essential medicines ranged from 25% - 40%, with inadequate supply chain
management being a key contributing factor [14]. Similarly, a study in Mozam-
bique reported stockout rates of 30% - 40% for essential medicines, highlighting
the need for improved supply chain management and coordination [18]. Our
findings and those from similar studies indicate the need to strengthen LMIS in

the healthcare system.

4.1. Limitations of the Study

This study has several limitations that should be considered when interpreting the
findings. First, the study was conducted in a single province in Zambia, which
may limit the generalizability of the results to other regions or countries with dif-
ferent health system contexts. Second, the study relied on a cross-sectional design,
which does not allow for the assessment of causal relationships between LMIS ef-
fectiveness and medicine availability. Third, the study sample was limited to phar-
macy personnel in public hospitals, and the perspectives of other key stakeholders,

such as other healthcare providers and patients, were not captured.

4.2. Recommendations

Based on the findings of this study, we would like to make some recommendations
to improve the effectiveness of LMIS in enhancing the availability of essential
medicines and medical supplies in public hospitals in the Copperbelt Province of
Zambia. These include:

1) Increasing investment in capacity building and training for pharmacy per-
sonnel to improve LMIS utilization and data quality.

2) Strengthening data validation and audit processes to ensure the accuracy and
reliability of LMIS data.
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3) Enhancing collaboration between healthcare facilities and ZAMMSA to im-
prove supply chain coordination and increase order fill rates.

4) Investing in infrastructure and human resources for supply chain manage-
ment to optimize the performance of LMIS and improve the availability of essen-
tial medicines.

5) Conducting further research to identify best practices and innovative strate-
gies for strengthening LMIS and supply chain management in resource-limited

settings such as ours.

5. Conclusion

The current study found that implementation of LMIS utilization was high in
Zambia. However, there were challenges in the implementation of eLMIS use, in-
cluding low training levels and data inaccuracies that led to low product availabil-
ity and order fill rates. Continuous strengthening of LMIS effectiveness is crucial
for improving healthcare delivery and patient outcomes in Zambia. Future studies
should be conducted using qualitative methods to understand the challenges that
affect the effective implementation of LMIS in Zambia. Additionally, future stud-
ies should explore qualitative factors such as healthcare workers’ experiences with
LMIS, barriers to its effective use, and potential strategies for improving data ac-

curacy and supply chain coordination.
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