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Introduction: Laboratories are key in conducting surveillance of antimicro-

bial resistance (AMR) in healthcare facilities. Therefore, laboratory scientists

Awareness and Knowledge of Antimicrobial .64 to understand the concepts of AMR surveillance and antimicrobial stew-

Resistance, Stewardship, and Surveillance: Op-

portunities for Antimicrobial and Diagnostic ardship (AMS) programs. This study evaluated the effect of an educational
intervention on the laboratory scientists’ knowledge of AMR surveillance, an-
timicrobial use (AMU), and antimicrobial stewardship (AMS) in Zambia. Ma-

terials and Methods: A cross-sectional mixed-methods study was conducted
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in March 2024 among 12 laboratory scientists from five hospitals across Zam-
bia. Data were analyzed using IBM SPSS version 23.0. The Paired t-test was
used to determine the significance between the pre-test and post-test results.
We grouped qualitative questions into three themes, namely, (i) strengths, (ii)
weaknesses and challenges, and (iii) proposed solutions to increase the capac-
ity of laboratories to perform bacteriology, test for AMR, and conduct surveil-
lance. Thematic analysis was utilized to analyze qualitative data. Results: This
study found a knowledge score of 73% pre-training and 89% post-training,
indicating a 16% improvement in their knowledge. The lowest in the pre-train-
ing assessment was 60%, while the highest was 80%. Additionally, the lowest
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score in the post-training assessment was 75%, while the highest was 100%.
Some of the strengths of the laboratories in conducting microbiology included
the presence of physical laboratories, the availability of safety cabinets, incu-
bators, autoclave machines, and the availability of beakers, bunsen burners,
and centrifuges. However, some challenges faced by the laboratories included
a shortage of microbiology staff, a lack of reagents, and inadequate training in
bacteriology, AMR testing, and surveillance. Conclusions: This study found
that educational interventions through AMS training increase awareness and
knowledge of AMU, AMR, and surveillance of AMR. Our study found that
laboratories had many gaps in conducting AMR surveillance. Therefore, there
is a need to provide AMS education and training, mentorship programs, ca-
pacity building, and adequate resources to strengthen laboratory capacity to
conduct AMR testing and surveillance.

Keywords

Educational Intervention, Surveillance, Antimicrobial Resistance,
Antimicrobial Stewardship, Training, Capacity Building, Zambia

1. Introduction

Antimicrobial resistance (AMR) is a global public health problem that has been
linked to the inappropriate use of antimicrobials [1]-[5]. The problem of AMR
leads to difficulties in treating infections and also contributes to an increase in
morbidity and mortality [2] [4] [6] [7]. The wide reach of AMR has also affected
global economies [8]-[11]. If this problem is not addressed, it is predicted to cause
more than 10 million deaths by the year 2050 [12]-[14]. The human healthcare sys-
tem consumes a lot of antibiotics that are prescribed empirically due to challenges
faced in laboratories, especially in low- and middle-income countries (LMICs)
where there are high disease burdens [15]-[17]. Therefore, there is an urgent need
to provide interventions that improve awareness of AMR among laboratory staff
and strengthen laboratories to conduct AMR testing and surveillance [18]-[22].

Antimicrobial resistance (AMR) occurs as a natural process [23] [24]. However,
the AMR process has been worsened by the inappropriate use of antimicrobials in
the human, animal, plant, and environmental sectors [1] [4] [12] [25]-[27]. Some
drivers of AMR include non-adherence to treatment guidelines, a lack of diagnos-
tic tests to confirm etiology and sensitivity testing, self-medication, poor quality
antimicrobials, and low awareness, knowledge, attitudes, and practices concern-
ing antimicrobial use (AMU) [15] [28]-[30].

The laboratory plays a critical role in identifying pathogens and surveillance of
AMR [31]-[34]. Laboratory surveillance of AMR guides clinicians to make informed
decisions pertaining to patient management [34]-[36]. The World Health Organ-
isation (WHO) has ordered that all member states should develop National Action
Plans (NAPs) centered around monitoring antibiotic-resistant bacteria through ro-
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bust information on their incidence and prevalence [37]. This has required the
setting up of laboratory surveillance systems contextualized to the needs of spe-
cific countries as part of antimicrobial stewardship (AMS) programs [38] [39].
Key to the success of the laboratories in mitigating health challenges, such as AMR,
is the support of a knowledgeable laboratory workforce [17].

In 2015, the Global Action Plan (GAP) on AMR was established by the WHO,
focusing on five objectives, including increasing awareness and knowledge, opti-
mizing antimicrobial use, Infection Prevention and Control (IPC), research, and
drug discovery [40]. Countries were guided to develop their NAPs on AMR in line
with the GAP to address AMR using a multidisciplinary One Health approach and
monitor and review their implementation [41] [42]. Since then, many WHO mem-
ber states have developed and implemented their NAPs on AMR [43]. The GAP
on AMR recommends countries strengthen their surveillance systems to detect
AMR across the One Health ecology [40]. Hence, most countries have developed
their integrated surveillance systems to monitor AMR using a One Health approach
[44]-[48].

Antimicrobial stewardship (AMS) programs have demonstrated that instigating
educational interventions improves the awareness of AMR and associated factors
[49] [50]. These programs promote the rational use of antibiotics in healthcare fa-
cilities and communities [51]. The successful implementation of AMS programs
leads to a reduction in the unnecessary use of antibiotics, especially broad-spectrum
classes [52], mortality rates, reduction in hospital costs [51] [53], improved cure
rates, and surgical antibiotic prophylaxis [54]. The implementation of AMS pro-
grams has shown a reduction in the spread of multidrug-resistant organisms in hos-
pitals and communities [55]. Successful implementation of an AMS program neces-
sitates training and interdisciplinary collaboration among various healthcare pro-
fessionals, including infectious disease physicians, nurses, pharmacists, infection
prevention staff microbiologists, administrative staff, and hospital managers [56].
Educational interventions are essential for improving the awareness and knowledge
of healthcare workers on AMU, AMR, and AMS [18] [57]-[59]. Significant im-
provements in healthcare worker’s awareness, knowledge, attitudes, and practices
regarding AMU and AMR have been noted in previous studies [49] [60]. Hence,
educational interventions among laboratory staff can lead to improved diagnostic
practices that lead to a reduction in AMR and improved patient outcomes [61].

In Zambia, evidence has shown that some pathogens have developed resistance
against common antibiotics used in humans and animals [5] [62]-[72]. The Anti-
microbial Resistance Coordinating Committee (AMRCC) of the Zambia National
Public Health Institute (ZNPHI) developed and implemented the NAP on AMR
with objectives in line with the GAP to combat AMU using a One Health approach
[73]. Among the main activities conducted in Zambia included increasing aware-
ness and knowledge of AMR among healthcare workers and the communities,
conducting AMR surveillance and establishing and strengthening AMS programs,

and research and development [5] [73]-[75]. However, there is a paucity of infor-
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mation on the effect of training on AMR and AMS among the targeted audiences,
as shown by many studies done among other healthcare workers, excluding labor-
atory staff [76] [77]. Alongside this, effective surveillance of AMR requires that
the laboratory staff are aware of AMR and AMS interventions. Therefore, this
study evaluated the effect of educational intervention on laboratory scientists’
knowledge of antimicrobial resistance, stewardship, and surveillance in Zambia.
The study also evaluated the strengths and weaknesses, and proposed solutions to

improve diagnostic stewardship in hospitals in Zambia.

2. Materials and Methods
2.1. Study Design and Sites

This was a cross-sectional mixed-methods study that was conducted among la-
boratory scientists from March 18, 2024, to March 22, 2024, in the Chongwe dis-
trict of Zambia. The participants were enrolled in training on bacteriology, AMR,
AMS, and laboratory surveillance of AMR. The participants were recruited from
five hospitals: Zimba Mission Hospital, St. Dominic’s Mission Hospital, Mukinge
Mission Hospital, Mwandi Mission Hospital, and Macha Mission Hospital. These
facilities were selected because they were enrolled in the national program to es-
tablish AMS programs and strengthen laboratory surveillance of AMR. Addition-
ally, the hospitals were selected to undergo mentorship programs in bacteriology
and AMR surveillance. This was done in line with the Zambia NAP on AMR to
increase awareness and knowledge of AMR among healthcare workers and im-
prove laboratory surveillance of AMR [73]. Therefore, laboratory staff were in-
cluded in this study as they are the professionals involved in pathogen identifica-

tion and AMR trends that help clinicians in diagnostic stewardship.

2.2. Sample Size Estimation and Sampling Criteria

A complete enumeration comprising all participants attending a centralized train-
ing workshop for medical laboratory personnel was conducted. A total of 12 la-
boratory scientists from five faith-based hospitals were invited to participate in
the training on the basis of having a functional microbiology laboratory. All the

invited trainees accepted to participate in the study, giving a 100% response rate

2.3. Data Collection

Data collection involved a self-administered semi-structured questionnaire. The
questionnaire was reviewed for content and face validation by public health ex-
perts from the University of Zambia and ten laboratory staff from the University
Teaching Hospitals, and the feedback given was used to optimize the questionnaire.
The questionnaire had two sections: Section A, with 20 multiple-choice questions,
and Section B, with three open-ended questions. For the qualitative section, we
developed three themes, namely: (i) strengths, (ii) weaknesses and challenges, and
(iii) proposed solutions to increase the capacity of laboratories to perform bacte-

riology, test for AMR, and conduct surveillance. Qualitative data were collected
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using a procedure explained by Colaizzi’s descriptive phenomenological method
[78].

On the first day of the meeting, the participants were given a pre-test to deter-
mine their understanding of AMR, AMS, and the role of the laboratory in AMR
surveillance. The scores were entered in Microsoft Excel version 2013. After the
pre-test, interventional training was conducted for five days by a team of ten ex-
perts in AMR and AMS in Zambia, including pharmacists, veterinary practition-
ers, microbiologists, biomedical scientists, and clinicians.

The training encompassed critical topics, including an Overview of AMR and
AMS in Zambia and the role of the AMRCC/ZNPHI in AMR, One Health Situa-
tion in Zambia, an overview of microorganisms, Antimicrobial Resistance, Anti-
microbial Stewardship and Surveillance, sample processing and testing, Overview
of Quality Management Systems (QMS), and biosafety and biosecurity practices
in the microbiology laboratory. Further trainings were done on the development
and adaptation of Bacteriology SOPs, Antimicrobial Susceptibility Testing, De-
tecting AMR bacterial types—ESBL, CarbsR, ICR, MRSA, MRS, AmpC, and the
roles of laboratory personnel in Antimicrobial Stewardship and Surveillance, and
development of Facility Action Plans to combat AMR. At the end of the five-day
training, the participants wrote a post-test assessment. The post-test assessment

was written, and the scores were compared with the pre-test scores.

2.4. Data Analysis

The collected quantitative data were entered and cleaned in Microsoft Excel ver-
sion 2013 and analyzed using IBM SPSS version 23.0. The pre- and post-test scores
were reported as percentages out of 100%. To determine the normality of the dif-
ferences in the post and pre-test scores, we performed the Shapiro-Wilks test for
normality and found that the difference was normally distributed (p = 0.407). The
paired t-test was used to determine if there was a significant difference in pre and
post-test scores following the intervention. For the qualitative aspect, the responses
were grouped into three themes (strengths of laboratories to conduct AMR sur-
veillance, weakness of laboratories to conduct AMR surveillance, proposed solu-
tions to address challenges affecting the surveillance of AMR) and analyzed using
thematic analysis. The qualitative data analysis was conducted using Colaizzi’s
analysis methods [78]. All the responses were grouped into themes and validated
by the data collectors. The principal researcher reviewed all interview responses
and made necessary corrections within 48 hours of data collection. The responses
were also checked for consistency and uniformity in text. Data were analyzed us-
ing Colaizzi’s seven-step descriptive phenomenological method as follows: 1) Fa-
miliarisation and Transcription: Interview recordings were transcribed verbatim.
The principal and assistant researchers read and re-read the transcripts to gain an
in-depth understanding of the content. 2) Extraction of Significant Statements:
Each researcher independently analyzed the transcripts to identify and extract sig-

nificant statements related to the laboratory staff’s awareness and knowledge of

DOI: 10.4236/pp.2025.165009

129 Pharmacology & Pharmacy


https://doi.org/10.4236/pp.2025.165009

S. Mudenda et al.

AMU and AMR. 3) Formulation of Meanings: The researchers separately summa-
rised and refined the extracted statements to formulate meanings, focusing on
common characteristics. 4) Development of Theme Clusters: The formulated mean-
ings were grouped into clusters of themes through a collaborative process between
the principal and assistant researchers. 5) Exhaustive Description: All identified
themes were integrated into a comprehensive and detailed description of the la-
boratory staff’s perceptions and experiences regarding AMU and AMR. 6) Iden-
tification of Fundamental Structure: The underlying structure of the phenomenon
was defined, highlighting the key pathways through which laboratory staff acquire
awareness and knowledge about AMU and AMR, as well as the challenges they
face in practice. 7) Validation by Participants: The results were returned to a sub-
set of participants for member checking to ensure the accuracy and credibility of

the findings.

2.5. Ethical Approval

This study was approved by the Tropical Diseases Research Centre (TDRC) Ethics
Committee bearing an approval number TRC/C4/09/2023. All participants were
informed about the purpose of the study. All the participants provided informed

and written consent for participation in the study.

3. Results

This study enrolled a total of 12 laboratory scientists. The study found that for the
majority of the participants, the post-test results were higher than their pre-test
results. This study found that the minimum score of participants on AMR, AMS,
and surveillance of AMR was 60% in pre-training, while the highest score was 80%.
Conversely, the lowest score post-training was 75%, and the highest was 100%.
This study found that the overall score pre-training was 73% while that after training
was 89%. Therefore, there was a 16% improvement in awareness and knowledge
regarding bacteriology, AMR, AMS, and surveillance of AMR. There was a signif-
icant difference in pre- and post-test results of participants (p = 0.002) (Table 1).
These findings indicate that the participants had lower knowledge of bacteriology,
AMR, AMS, and surveillance of AMR prior to the training compared to the post-

training.

Table 1. Participants’ scores regarding bacteriology, AMR, AMS, and laboratory surveil-
lance of AMR and percentage change after the training.

Participant Pre-test score  Post-test score Percentage

No. (%) (%) rise/drop P-value
P#1 60 75 +15 0.002

P#2 75 80 +5

P#3 60 90 +30

P# 4 70 100 +30

P#5 80 95 +15

P#6 60 95 +35
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Continued

P#7 80 95 +15
P#8 95 95 0
P#9 80 75 -5
P# 10 80 100 +20
P#11 80 80 0
P#12 60 920 +30

Overall 73 89 16

Note: P# = Participant number.

120

100

80

60

Percentage

40

20

Pre-test Post-test
Average Pre- and Post-test Scores

Figure 1. Participants’ overall scores regarding awareness of AMR and AMS and the role
of the laboratory in conducting AMR surveillance.

This study found that the overall score of knowledge pre-training was 73% while
that post-training was 89% (Figure 1). This finding indicates an improvement in
knowledge after the instigation of education on bacteriology, AMR, and AMS.

Qualitative Interviews Results

Results of the interviews conducted among laboratory scientists indicated that
their laboratories had the capacity to conduct bacteriological tests and tests for
AMR. Consequently, results demonstrated that the laboratories had weaknesses
and faced challenges in conducting AMR testing and surveillance. In this regard,
the participants reported some of the proposed remedies to address the challenges
and improve the capacity to conduct AMR testing and surveillance.

Strengths of the Laboratory at Your Facility to Conduct Bacteriological Tests,
AMR Testing, and Surveillance

Interviewer: What would you say are the strengths of the laboratory at your
facility in conducting bacteriological tests, AMR testing, and surveillance?

Participant No. 1: The strengths of our laboratory to conduct bacteriological
tests, AMR testing and surveillance include the presence of a physical laboratory,
a safety cabinet, an autoclave machine, running water, and we are committed and

willing to implement AMR testing and surveillance.
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Participant No. 2: At our facility, the staft are always willing to work in the mi-
crobiology department. In addition, the availability of laboratory reagents makes it
easy for us to conduct bacteriological and AMR testing. Finally, the staff in the
laboratory have the know-how of bacteriology and AMR testing.

Participant No. 3: Our facility has well-trained and qualified staff that can do
bacteriology and AMR testing.

Participant No. 4: Some of the strengths of our laboratory to conduct bacteri-
ological and AMR testing include the ability to identify pathogens using gram-
staining and the ability to conduct culture and sensitivity of different samples in-
cluding urine, stool, and pus.

Participant No. 5: Our laboratory has equipment such as a safety cabinet and
autoclave machine. This makes it possible for us to conduct some AMR testing in
the presence of other laboratory consumables.

Participant No. 6: Some of the strengths of our laboratory to conduct bacteri-
ological and AMR testing include the availability of an incubator. Additionally,
we have electricity backup just in case of power loss. Finally, our hospital has been
implementing QMS, which is very important.

Participant No. 7: The strength of our facility has most of the equipment needed
to conduct bacteriological tests and avenues are available for knowledge sharing
within the laboratory personnel. Finally, the stakeholders are easily accessible, and
engagement will further strengthen bacteriological activities at our facility.

Participant No. 8: Our hospital administration has been very supportive in
terms of making sure our laboratory is provided with some of the reagents needed
to strengthen our bacteriology laboratory. We also have the basics needed for smooth
running and conducting based on bacteriology.

Participant No. 9: We have an interest in conducting bacteriological tests. We
have adequate working space for the bacteriological tests. The capacity building im-
plemented by our partners and the availability of cooperating partners like Churches
Health Association of Zambia (CHAZ) to support the laboratory.

Participant No. 10: The facility has the capacity to run a microbiology section
as it has most of the required equipment placed in a separate section from other
sections. The human resources needed for starters to run the section and capacity
building have been done by CHAZ. Furthermore, the laboratory has strong sup-
port from hospital management which gives the laboratory an advantage in a lot
of areas which includes procurement of consumables.

Participant No. 11: The strengths of the facility laboratory to conduct micro-
biological tests range from equipment, reagents and competent laboratory per-
sonnel. The following equipment is available under our microbiology department,
two functional microscopes (light and florescent microscopes), one functional in-
cubator and two biosafety cabinets. Others include readily available culture plates
and gram stain reagents. The department has five (5) competent laboratory per-
sonnel who are professional and well oriented in laboratory work. One is a scien-

tist and four are biomedical technologists.
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Participant No. 12: One of our strengths as a facility is good average staffing
who are capable of undertaking bacteriological tests. We have five (5) laboratory
scientists and 7 laboratory technologists. We have a variety of equipment, such as
distiller, autoclave (being procured now), and a number of glassware such as beak-
ers, Bunsen burners, centrifuges, incubators, biosafety cabinets and refrigerators.
The infrastructure is also adequate with dedicated space for bacteriological tests
and workflow.

Weaknesses and Challenges of the Laboratory at Your Facility to Conduct
Bacteriological Tests, AMR Testing, and Surveillance

Interviewer: What would you say are the weaknesses and challenges of the la-
boratory at your facility in conducting bacteriological tests, AMR testing, and sur-
veillance?

Participant No. 1: Some of the weaknesses and challenges faced by our labor-
atory to conduct bacteriological tests, AMR testing and surveillance include una-
vailability of culture media and antibiotic discs, a lack of space in the microbiology
section, shortage of laboratory manpower, unavailability of microbiology fridge
for the storage of reagents, and non-servicing of microscopes.

Participant No. 2: Our laboratory faces challenges regarding bacteriology and
AMR testing, and these include the unavailability of anaerobic jars, expiry of rea-
gents, and failure to do quality control due to a lack of control organisms as a
result of lack of freezers for storage, i.e., 70°C.

Participant No. 3: Our laboratory does not have equipment like an autoclave
machine. In addition, we face challenges with the availability of laboratory con-
sumables like culture medija.

Participant No. 4: Some of the challenges experienced by our laboratory to
conduct bacteriological and AMR testing include stockout of certain reagents in-
cluding gram stain, expiring of products such as biochemical powders, expiring
of antibiotic discs, a lack of Standard Operating Procedures (SOPs) for perform-
ing biochemicals, susceptibility tests, and for identification of ESBL. Moreover, a
lack of performing quality controls on the culture media and antibiotic discs. Con-
sequently, we receive very few orders for bacteriological investigations from the
clinicians.

Participant No. 5: At our facility, the laboratory has inadequate staff to conduct
bacteriology and AMR testing. Another challenge we face as a microbiology la-
boratory is the unavailability of reagents for bacteriology. On the other hand, the
laboratory staff at our facility may have little knowledge of how to perform certain
tests like susceptibility testing and results interpretations.

Participant No. 6: One of the weaknesses is that we are understaffed; hence, we
get overloaded with a lot of work and we find it difficult to implement active bac-
teriological testing. Our autoclave machine does not work well, hence, we fail to
make media properly. This has also led to the expiry of reagents including media,
biochemical powders, and antibiotic discs, thereby causing us to fail to implement

bacteriological testing.
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Participant No. 7: The management at large to have full support in understand-
ing the important program of bacteriological tests. The supply chain of commod-
ities or consumables has not been consistent and makes it a challenge in conduct-
ing bacteriological tests. Finally, not all the equipment needed is available.

Participant No. 8: the major challenge has been understaffing, as one or two peo-
ple working on a particular day have to run tests in all the departments, thereby
neglecting bacteriological tests. The autoclave malfunctioned, which makes it hard
for us to prepare media for culture. The other challenge is that we have expired drugs
for susceptibility testing and we do not have the capacity to validate the susceptibil-
ity discs, because the facility does not have a —80-degree Celsius fridge for storage
of organisms.

Participant No. 9: At our facility, we lack equipment, reagents and other labor-
atory consumables for conducting bacteriological tests. We also have Iimited hu-
man resources in the laboratory to take up additional roles. There are also inade-
quate supplies for laboratory commodities from the central warehouse at Zambia
Medicines and Medical Supplies Agency (ZAMMSA). The staff also have limited
capacity on some procedures and interpretation of the results. Finally, manage-
ment may not fully finance the operations of bacteriological testing.

Participant No. 10: There is unavailability of supplies for microbiology, and
the standard operating procedures (SOPs). Some laboratory personnel are not in-
terested in microbiology and the facility receives very few requests for microbiol-
ogy. The clinicians are not patient enough to wait for results for a minimum of 72
hours after a request is made.

Participant No. 11: We do not have a functional autoclaving machine. We also
have a lack of supply of culture media and other essential bacteriological testing
reagents such as sensitivity discs. There is no established Quality Management
System (QMS) in microbiology as it is still being developed. Finally, we do not
have purpose-bullt freezers for the storage of reagents.

Participant No. 12: We lack enough funds to procure major components of
conducting bacteriological tests such as different types of media for culturing, bi-
omedical tests media and bottles and antibiotic discs, beakers, Bunsen burners
and Vernier calipers.

Solutions Would you Propose to Address the Challenges of the Laboratory at
Your Facility to Conduct Bacteriological Tests, AMR Testing, and Surveillance

Interviewer: What solutions would you propose to addresses the challenges of
the laboratory at your facility to conduct bacteriological tests, AMR testing and
surveillance?

Participant No. 1: I feel that some of the solutions to strengthen our bacterio-
logical tests, AMR testing and surveillance should include procurement of culture
media and antibiotics discs, expansion of the microbiology section, deployment
of more laboratory staff, procurement of a fridge for storage of reagents, and ser-
vicing microscopes.

Participant No. 2: To overcome some of the challenges faced in our laboratory,
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there is a need for adequate funding to purchase anaerobic jars and freezers. In
addition, there is a need to ensure that laboratory reagents do not expire by shar-
ing the excess with other facilities.

Participant No. 3: To address the challenges faced in our laboratory, we need
a timely and consistent supply of culture media and antibiotic discs. Additionally,
we need laboratory materials and equipment like Bunsen burners, autoclaves, cot-
ton swabs, and inoculation loops. On top of that, there is a need for clinicians and
laboratory staff to be willing and committed towards ordering and performing
culture and sensitivity tests. Finally, retraining laboratory staff regarding bacteri-
ology and AMR testing will be essential in the case of new testing and diagnostic
techniques.

Participant No. 4: Some of the solutions to strengthen bacteriology and AMR
testing in our laboratory include the development of SOPs for the microbiology
section and performing quality control on the culture media and antibiotic discs
to avoid reporting false results. In addition, educating clinicians on AMR and its
effects so that they stop or minimize empirical treatment. By so doing, they will
learn to order culture and sensitivity tests for the samples they collect.

Participant No. 5: 1 feel the first solution should be to employ more laboratory
staff at our facility so that we can work well since bacteriology requires enough
manpower. Alongside this, we need to have a consistent supply of reagents, which
could motivate all the microbiology staff. Additionally, conducting capacity build-
ing and mentorship training can be of great importance and can boost the morale
of laboratory personnel who are performing bacteriological and AMR testing.

Participant No. 6: Some of the strategies that can be employed to revamp our
microbiology section is to provide capacity building and mentorship programs,
especially onsite and through workshops. Additionally, there is a need to fix our
autoclave machine and supply us with reagents such as media, biochemical media,
sensitivity discs, microbiology SOPs, and guidelines for interpreting susceptibility
results. Finally, it will be essential to have a contact person for bacteriology who
will be empowered to build capacity at the facility.

Participant No. 7: One of the solutions to overcome the challenges through push-
ing and educating the management on the importance of bacteriological testing. This
can also be achieved through continuous impartment of knowledge through staff or
laboratory presentations. Finally, lobbying for the equipment needed will facilitate
the implementation of bacteriological testing.

Participant No. 8: more laboratory personnel should be employed or stationed
at the facility. The procurement of an autoclave for the making of media and the
constant availability of susceptibility drugs from ZAMMSA can help strengthen
the microbiology lab.

Participant No. 9: The facility will need to undertake procurement of equip-
ment, reagents, and other consumables need to run the bacteriology laboratory.
The improvement of the supply of laboratory consumables. We also need im-

provement in the stafting levels and a team dedicated to bacteriology on a partic-
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ular shift will be good. Power installation of a reliable power back up system for
the laboratory. Provision of onsite mentorship from bacteriology experts. Engage-
ment of management by partners or experts may help them understand the im-
portance of bacteriological testing

Participant No. 10: The facility needs to continue sending the laboratory re-
ports on time through the electronic Logistics Management Information System
(eLMIS) to Zambia Medicines and Medical Supplies Agency (ZAMMSA) and
lobby for some supplies from partners like Churches Health Association of Zam-
bia (CHAZ). As a facility we need to formulate SOPs as soon as possible within
three (3) months. The other solution would be through laboratory meetings in
order to bring all members of staff to speed and build interest in all laboratory
staff with regards to microbiology. The facility will continue having meetings with
the hospital management and clinicians on the importance of microbiology which
will build confidence and patience among clinicians.

Participant No. 11: Our facility will need a constant supply of reagents for the
culturing of organisms for isolation. Constant supply of reagents for susceptibility
testing is needed. A well-established QMS for quality and reliable results in mi-
crobiology. The other solution is the procurement of storage freezers.

Participant No. 12: As mentioned earlier, the autoclave, which we did not have,
is underway as it is among the items being provided for our facility. More improve-
ment in the knowledge and skills of laboratory staff is to be realized through weekly
meetings on bacteriology. More meetings with the clinicians to update them on
the progress in this direction and to talk about the importance of the bacteriolog-
ical tests based on the one health principle of approach so that they are prepared

to request a bacteriology test once we are ready to begin running the tests.

4. Discussion

This study was conducted to evaluate the effect of training laboratory scientists on
knowledge and surveillance of AMR and the implementation of AMS programs.
The study also identified some strengths and weaknesses and proposed solutions
to improve the surveillance of AMR in Zambia.

The present study found that the knowledge of laboratory scientists of AMU,
AMR, AMR surveillance, and AMS was 73% pre-training and 89% post-training, in-
dicating a 16% improvement in their knowledge, which was significant. Therefore,
our workshop training found that the laboratory scientists had moderate knowledge
of AMR pre-training but good knowledge post-training, thereby translating into the
fact that conducting AMS training has the potential to improve awareness and
knowledge of AMS. Thus, the training promoted awareness and knowledge of AMU,
AMR, surveillance, AMS, and One Health, which is in line with the objectives of the
GAP and NAPs of AMR [40]. The effect and impact of AMS programs on improving
awareness and knowledge of AMU, AMR, and AMS among healthcare workers have
been reported in other studies. Additionally, AMS programs have been reported to
improve the rational use of antimicrobials in hospitals [79]. In line with our study,
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a survey among healthcare workers from six countries found that AMS interven-
tions lead to improved diagnostic practices and patient outcomes [61]. Hence,
there is a need to increase training on AMU, AMR, and diagnostics technology
[61].

In this study, the participants reported that strengths existed in their hospitals
to conduct AMR surveillance cited some strengths and opportunities, including
the presence of a physical laboratory, autoclave machines, safety cabinets, running
water, incubator, electricity back-up, hospital leadership support, support from
supporting partners like CHAZ, and willingness of the staff to conduct bacteriol-
ogy and AMR surveillance. The presence of a physical microbiology laboratory
infrastructure is key to monitoring the trends and resistance patterns of pathogens
isolated from different specimens [34] [80]. The hospital leadership’s support of
AMR surveillance is essential for the success of efforts to address AMR [81]. Suc-
cessful implementation of AMS programs and surveillance in hospitals has been
reported to be positively influenced by supportive leadership [81].

Operational strengths were evident in this study, particularly in laboratories
that have implemented QMS. The standardization and consistency of testing pro-
cedures, ensured by QMS, are crucial for maintaining high-quality results. Addi-
tionally, strong support from hospital leadership and partnerships with organiza-
tions such as the CHAZ provide essential resources and facilitate the procurement
of necessary reagents and consumables. These collaborations ensure a steady sup-
ply chain, enabling laboratories to function effectively. This indicates the signifi-
cance of institutional collaborations in addressing AMR and strengthening AMS
and surveillance of AMR [82] [83]. Through collaborations, opportunities to ad-
dress the shortage of laboratory resources can be addressed [84].

This study found that some laboratories faced significant challenges related to
infrastructure and equipment, which hinder their ability to conduct bacteriologi-
cal and AMR testing effectively. Essential equipment, such as fridges or freezers for
reagent and organism storage, are either unavailable or malfunctioning. In other
instances, the lack of anaerobic jars and a developed Quality Management System
further exacerbated the situation. These deficiencies make it difficult to maintain
the necessary conditions for accurate testing and storage, directly affecting the re-
liability and quality of the laboratory’s work [61] [85]. This makes the surveillance
of AMR in LMICs very complicated [85]. The weaknesses and challenges identi-
fied in this study demonstrate opportunities for improving diagnostic stewardship
in hospitals [61] [86].

The inconsistencies in the supply chain and availability of consumables were
also reported to hamper the efficient operations of the laboratories. As a result,
laboratories frequently experience stockouts of essential consumables like culture
media, antibiotic discs, and other reagents, with some even expiring due to pro-
longed storage under suboptimal conditions. This shortage and the expiry of es-
sential materials disrupt routine operations and testing accuracy. Additionally, the

inability to perform quality control due to the unavailability of control organisms
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and proper storage solutions exacerbates these problems, undermining the labor-
atory’s capacity to deliver reliable results. The challenges identified by this study
have been reported before in previous studies conducted in Zambia [87] [88].

Similarly, there is a notable shortage of trained laboratory staff, with existing
personnel often overburdened and lacking sufficient knowledge to perform and
interpret susceptibility tests accurately. The absence of Standard Operating Pro-
cedures (SOPs) for key tests and quality control processes, coupled with limited
financial support and low management engagement, hampers operational effi-
ciency and effectiveness. Moreover, the low demand from clinicians for bacterio-
logical investigations and their impatience with the turnaround time for results
diminish the perceived value of the laboratory’s services, creating a feedback loop
that discourages investment and improvement in the microbiology section. The
highlighted challenges in this study could be due to a lack of AMS programs in
the surveyed hospitals and a lack of laboratory capacity to conduct AMR surveil-
lance, as reported in previous baseline studies [87] [88].

In this study, the participants proposed solutions to the weaknesses faced by
their laboratories in conducting AMR surveillance, and these include laboratory
staffing, training, mentorship training, implementation of a quality management
system, material and laboratory supplies, collaboration and communication with
the clinicians and the management is essential AMS surveillance. Some of the so-
lutions proposed by the participants have been reported in other studies and in-
clude the need to increase funding, education, and strengthening AMS programs,
as well as laboratory resources [61] [86]. Other studies reported on the need for
communication between AMS programs, the clinical laboratory, and clinicians to
improve AMS surveillance and patient care [32] [89]-[91]. Further, some studies
reported that continuous training and staff motivation are all important tools to
build this capacity and ensure quality management [37] [87].

We are aware that this study has some limitations. The present study was con-
ducted among laboratory staff from five hospitals. Hence, this affects the general-
ization of our findings to all hospitals across Zambia. Additionally, our findings
may not be generalised to private and public hospitals. However, the qualitative
nature of the study provides more details on the strengths and weaknesses of la-
boratory capacity to conduct AMR surveillance in Zambia and the proposed so-

lutions to improve diagnostic stewardship.

5. Conclusion

This study found that educational interventions through AMS training increase
awareness and knowledge of AMU, AMR, and surveillance of AMR. Despite all
the hospitals having physical laboratory infrastructure, our study found that the
laboratories had many gaps in conducting bacteriology, AMR testing, and surveil-
lance. Therefore, there is a need to provide AMS education and training, mentor-
ship programs, capacity building, and adequate resources to strengthen laboratory

capacity to conduct bacteriology, AMR testing, and surveillance.
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Appendix
Antimicrobial Resistance and Bacteriology Training Workshop of Laboratory Personnel in Zambia: Strengthening AMR
Surveillance
Day Time Activity Facilitator =~ Chairperson
08:00 - 08:45 Arrival & Participant Registration
Introductions & Opening Remarks; Training
08:45 - 09:30 . ..
Expectations and Objectives
09:30 - 10:30 Pre-test
10:30 - 10:45 Health Break
10:45 - 13:00 Morning Session: Antimicrobial Resistance
10:45 - 11:45 Unit 1: Microorganisms
11:45 - 12:30 Unit 2: Antimicrobial Agents
12:30 - 13:00 Unit 3: Antimicrobial Resistance (General)
13:00 - 14:00 Lunch Break
DAY 1: . - . .
Afternoon Session: Antimicrobial Resistance,
Monday 14:00 - 17:00 . .
Stewardship, and Surveillance
Unit 4: Antimicrobial Resistance, Stewardship, & w.
14:00 - 14:35 . .
Surveillance Mufwambi
14:35 - 15:15 Unit 5: The Roles of Laboratory Personnel in R Nak
:35 - 15: . Nakazwe
Antimicrobial Stewardship and Surveillance of AMR
15:15 - 15:30 Health Break
15:30 - 16:00 Unit 6: Sharing of Baseline Findings
16:00 - 16:30  Unit 7: Facility Discussions on the Baseline Findings
16:30 - 17:00 Unit 8: Participants’ Proposed Actions
17:00 End of Day 1
08:00 - 08:30 Recap of Day 1
Unit 1: Antimicrobial Resistance in One Health
08:30 - 09:30
Approach/Discussions
09:30 - 10:30 Unit 2: One Health Situation in Zambia
10:30 - 10:15 Health Break
10:15 - 11:20 Unit 3: Antimicrobial Susceptibility Testing (AST)
DAY 2: 11:20 - 13:00 Unit 4: Microbial Identification
Tuesday 13:00 - 14:00 Lunch Break
Unit 5: Introduction to Quality Management
14:00 - 15:00
Systems (QMS)
15:00 - 15:30 Unit 6: QMS Issues in Facilities: Participants
15:30 - 15:45 Health break
15:45 - 17:00 Unit 6: QMS Model
17:00 End of Day 2
08:00 - 08:30 Recap of Day 2
Unit 1: Overview of AMR and AMS in Zambia and
08:30 - 10:00
DAY 3: the Role of the AMRCC/ZNPHI in AMR
Wednesday Unit 2: Group Discussions and the Need for
10:00 - 10:30
Laboratory Personnel to Be in the AMS Team
10:30 - 10:45 Health Break
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Continued

Unit 3: Document Control, Development of

10:45 - 13:00 Standard Operating Procedures and Good
Documentation Practices
13:00 - 14:00 Lunch Break
Unit 4: Sample Receipt, Handling, Storage and
14:00 - 15:30
Inventory
15:30 - 15:45 Health Break
Unit 5: Laboratory Audit Process, Corrective and
15:45 - 17:00
Preventive Actions
17:00 End of Day 3
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