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In the ever-changing field of microbiology, the transition from laboratory bench to patient care 
and from managing data to identifying pathogens is incredibly dynamic. We wanted to explore the 
fascinating landscape of microbiology in motion, where challenges meet innovation and automation 
propels us forward.

Antimicrobial Resistance (AMR) poses a significant global challenge that demands immediate 
attention. It not only jeopardises our ability to treat common infections but also threatens the very 
foundation of modern medicine. The stakes have never been higher. 

We invite you to join us on a journey where we navigate the intricacies of AMR surveillance, discover  
the power of research data management, and address the persistent laboratory workforce challenges 
that shape the course of this discipline. 

We explore the vital importance of interoperability and the revolutionising impact of automation  
in antibiotic susceptibility testing, all of which contribute to the dynamic nature of microbiology. 

Together, we will explore how this discipline is not merely a static science but one that is ever  
in motion, continually pushing boundaries, and forging a path toward a healthier future.

Introduction

In an era defined by the convergence of science, technology,  

and patient care, “MICROBIOLOGY IN MOTION” serves as a guiding principle.  

It implies our commitment to staying in step with the changing  

landscape of microbiology, embracing innovation, and  

most importantly, ensuring that we never lose sight  

of the challenges that shape our path.
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The changing landscape of antibiotic  
susceptibility testing

Antibiotic susceptibility testing is a crucial laboratory technique 
designed to evaluate the effectiveness of antibiotics against specific 
pathogens.1 The primary goal is to determine the susceptibility 
or resistance of microorganisms to various antimicrobial agents. 
This process involves exposing the isolated pathogen to different 
antibiotics and observing the response, typically by measuring the 
extent of growth inhibition.2 

Clinical microbiology has undergone significant development in 
response to changing clinical needs, with laboratories adapting 
to the growing demand for testing.3 Approximately 70% of all 
healthcare decisions impacting diagnosis or treatment involve 
laboratory testing.4 Notably, global laboratory testing volumes are 
growing at a rate of 10–15% annually.5 

This surge is attributed, in part, to the demands of infection control, 
particularly the intensified screening for various resistant organisms 
such as methicillin-resistant Staphylococcus aureus, vancomycin-
resistant Enterococcus spp, and carbapenemase-resistant 
Enterobacteriaceae. 

Moreover, expectations for laboratory services from both physicians 
and patients have undergone a transformation and rapid time to 
identification within the laboratory is a growing priority.6 Patients 
often anticipate swift reporting of results from presentation to 
diagnosis and discharge. 

A diverse range of samples collected from various physiological 
sources undergoes laboratory analysis, including cerebrospinal 
fluid, blood, “sterile” body fluids, tissues, pus, and urine. In this 
process, clinical microbiologists leverage their expertise to  
construct differential diagnoses and offer guidance on the 
necessary testing protocols. 

Skilled laboratory scientists play a crucial role in selecting growth 
media, inoculating and incubating specimens, and analysing 
complex data.

Automation for  
Antibiotic Susceptibility Testing

Of all healthcare decisions impacting 
diagnosis or treatment involve 

laboratory testing

10% to 15% 
More  

Lab Testing
Annually

Global increase in  
laboratory testing volumes

70%
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The conventional methods employed in reaching definitive laboratory diagnoses often involve  
time-consuming processes, leading to the widespread use of empiric broad-spectrum antimicrobial 
therapy to stabilise patients. While the intent is to administer agents effective against unidentified 
pathogens, this approach can promote antimicrobial resistance.7,8 Treatment is typically adjusted to 
a narrower spectrum of antimicrobials once laboratory results become available, emphasising the 
importance of timely and accurate diagnostic information in guiding effective treatment.

 

Automation for susceptibility testing

“Automation is the technology by which a process or procedure  
is performed without human assistance.”9 

Automation has become an integral part of nearly every business sector, including medical 
laboratories.10 In the laboratory context, automation implies any transition from manual work to 
machine-assisted processes. In this broad sense, all machines in the laboratory can be considered 
a form of automation. However, a more current use of the term “automation” applies to machines 
that execute more extensive workflows, such as automated determination of minimal inhibitory 
concentration (MIC). 

Automated systems have already been implemented in microbiology laboratories to automate 
processes such as the identification of growth on plated specimens, the subculture of colonies of 
interest, and inoculation for organism identification and susceptibility testing. 

So, traditional methods of pathogen identification and antibiotic susceptibility testing,  
often time-consuming and resource-intensive, pose challenges in meeting the demands  

of modern healthcare. As the need for rapid responses to infectious threats becomes  
more critical, there arises a necessity for innovative approaches that  

can keep pace with the dynamic nature of microbiology. 
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Advantages of automation

There are several potential advantages to automation, including reduction in operational costs, 
enhanced standardisation of processing and testing, increased throughput capability, a higher  
number of isolated colonies per plate, simultaneous management of various specimen types, 
decreased turnaround times, and improved specimen traceability.5,11 

Furthermore, automation can play a pivotal role in taking over various manual activities, such as 
specimen sorting, loading, centrifugation, aliquoting, and sealing, minimising variations among 
individuals and samples.12 This allows laboratory staff to perform other responsibilities that leverage 
their skills and knowledge.13 This shift in task distribution has the potential to enhance overall 
efficiency and the quality of laboratory operations.

Importantly, standardisation due to automation systems reduces the risk of human errors, particularly 
those arising in the pre-analytical phase.14 Pre-analytical errors account for up to 70% of all errors 
made in laboratory diagnostics, many of which happen during manual tasks and storage.15 For 
instance, automated robotic workstations effectively reduce errors in sorting, labelling, and aliquoting 
specimens, thereby enhancing the integrity of samples throughout the processing steps.16 

The DxM Autoplak System is a cutting-edge automated inoculation system designed to process a 
variety of liquid-based microbiology specimens. Its capabilities extend beyond solid media inoculation, 
including the processing of liquid culture media and glass slides for subsequent staining. 

The DxM Autoplak 6100 Advanced System has showcased reliable and accurate inoculation capabilities 
across diverse media and streaking patterns.17 With its adaptability, minimal hands-on time, and 
seamless integration into routine workflows, this automated inoculation system presents a promising 
solution for laboratories seeking increased efficiency without compromising precision.

Overall, partially or completely automating many manual tasks can improve standardisation, 
organisation, efficiency, and the overall quality of the testing process. While the initial investment cost 
may be substantial, long-term returns in terms of improved processes and quality can be expected.18

Increase productivity Automate processes Improve efficiency
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Barriers to implementation

However, the implementation of automation in clinical microbiology, a traditionally manual and  
labour-intensive field, poses some challenges. Importantly, the implementation of laboratory 
automation is a substantial financial investment that requires a comprehensive reorganisation of 
the laboratory. There is a distinction between what is technically feasible and what can be effectively 
organised within the laboratory’s operational framework. 

The decision to automate involves careful consideration of both the technical capabilities and the 
organisational structure, ensuring that the chosen automation processes align with the practical 
realities and goals of the laboratory.

Another barrier to consider are the feelings of laboratory staff. Many workers may consider the 
implementation of automated systems as a threat to their employment.19 Additionally, the perception 
that machines cannot exercise the critical decision-making skills necessary for processing microbiology 
specimens has persisted. As a result, some workers may not be fully embracing automation in their 
laboratory. 

Therefore, the success of automation projects depends on effectively managing staff involvement and 
addressing their concerns. Open communication, training programs, and a supportive environment 
can play pivotal roles in earning staff acceptance and collaboration during the implementation of 
automation projects.

The future

The success of automation hinges on its flexibility in design, its acknowledgement of the human 
element, and its ability to adapt to the challenges posed by specimen diversity. Flexibility recognises 
that a one-size-fits-all approach is impractical—automated systems should be tailored to a laboratory’s 
available space and potential future growth. Embracing the human element involves directing 
microbiology technologists to the most complex tasks, such as selecting colonies for further analysis, 
while delegating more routine tasks, like plating, to instruments operated by less trained individuals. 

Looking ahead, the integration of automation in antibiotic susceptibility testing continues to shape 
the future of microbiology. The interaction between human expertise and automated tools not only 
advances diagnostic processes but also opens avenues for novel discoveries. 

It is essential to recognise that automation does not eliminate  
decision-making for microbiology laboratory staff but rather  

facilitates decision-making and eliminates redundant activities. 
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The roles of microbiology labs range from identifying a causative pathogen of an infection to detecting 
global disease outbreaks. However, these procedures and the data produced in microbiology labs are 
becoming increasingly complex.20 The surge of information generated from experiments, sequencing, 
and analyses presents both a treasure trove of potential knowledge and a formidable challenge.  

Proper data management

Proper data management is essential for organising the wealth of information generated in 
microbiology labs. Proper data management practices, including documentation of experimental 
procedures and raw data, contribute to the credibility of microbiological studies. Additionally, accessible 
and well-documented data sets allow other researchers to validate findings, fostering a culture of 
collaboration and knowledge sharing. Implementation of modern data management systems can 
improve the workflow, efficiency and reliability of microbiology testing and reporting.20 Ultimately, 
better data management facilitates better patient care. 

Why does research data management matter?

The sheer volume and intricacy of microbiology data pose significant challenges—traditional methods 
of data management struggle to keep pace with the influx of information. Managing this immense 
volume of information requires robust infrastructure and advanced data storage solutions.

One of the key challenges for microbiology data management is the explosion of information. This 
concept describes the release of a large amount of data with deep medical context due to the 
evolution of more microbiology fields and the switch from group-level data to person-specific data 
and collection.21 There is an exponential accumulation of routine data in microbiology labs, including 
bacteriology data and MALDI-TOF mass spectra. We already produce gigabytes of data every day that 
are stored for the purpose of quality control, accreditation, legal, and research purposes.21 Due to this, 
it will soon become difficult for a human to keep a clear view and connect all the incoming pieces 
of information and data.22  Current methods for curating research materials and data should be 
revisited and updated.

Research Data Management  
in Microbiology
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Inadequate systems may lead to data loss, corruption, or inefficiencies, hindering scientific 
progress and potentially compromising research outcomes. The risk of data loss or inefficiency in 
microbiology is not solely technical but extends to the potential loss of valuable insights and scientific 
discoveries. Unstructured data management may result in the misinterpretation of results, hindering 
reproducibility and the advancement of knowledge.

The MicroScan system is capable of performing identification and Antimicrobial Susceptibility Testing 
(AST). It uses LabPro software to interface with the laboratory information management software 
(LIS), enabling the bidirectional sharing of information between the two. LabPro can retrieve patient 
information and test results from the LIS for manually performed tests as well as collect results from 
automated tests performed by the MicroScan system. Furthermore, LabPro’s AlertEX automates the 
detection of atypical results and guides staff on appropriate action, based on institutional procedures. 

Automation and research data management

As the volume and complexity of microbiological data continue to grow, automation emerges  
as a key tool, streamlining data collection, storage, and analysis. 

Enhance quality of data
Automation reduces the risk 
of human error in data entry 

and processing, enhancing the 
overall quality and consistency 

of research data.

Analyse large datasets
Automated tools can swiftly 

analyse large datasets, 
identifying patterns and 
correlations that may be 

challenging for manual analysis.  

Safeguard sensitive information
Automated systems can be 

designed with robust security 
features, helping researchers 

adhere to data protection 
regulations and safeguard 

sensitive information. 

Integrate data seamlessly
Microbiology often involves 
the integration of diverse 

data types, such as genomics, 
transcriptomics, and 

metabolomics. Automation 
facilitates a more seamless 

integration of these different 
types of data. 

Scale data processes
Automation allows for the 

efficient scaling of data 
management processes to 

accommodate the increasing 
volume of data generated in 

microbiological research.

Automated systems offer several advantages:
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Antimicrobial Resistance (AMR) is a multifaceted global crisis, challenging the very foundations of 
modern medicine. The use patterns of antimicrobials and emergence locations of resistance genes 
vary globally. These differences have resulted in the uneven dissemination of resistance genes across 
global microbial populations, contributing to higher rates of treatment failure in certain regions.23  
It is a must to monitor and anticipate the spread of these resistance patterns to proactively 
prevent, treat, and curb further dissemination. 

Surveillance and Tracking  
of Antimicrobial Resistance

Surveillance Sites Surveillance Sites Surveillance Sites

National Reference
Laboratory

National Coordinating
Centre

By 2050, AMR could cause 1 death every 3 seconds.
WORLDWIDE

10 Million
deaths per year

IN EUROPE

390,000
deaths per year

IN AFRICA

4.1 Million
deaths per year

IN ASIA

4.7 Million
deaths per year

Source: Reference nr. 31

Importance of surveillance 

The first layer of defence against AMR is vigilant surveillance, playing a pivotal role in understanding, 
tracking, and mitigating the spread of resistant pathogens.24 Surveillance helps identify patterns 
of resistance, enabling healthcare professionals to anticipate and respond to emerging threats.25 
For instance, the World Health Organization has launched the Global Antimicrobial Resistance 
Surveillance System (GLASS), introducing a defined protocol for collecting data on AMR for specific 
high-priority pathogens and resistance phenotypes.26 

By monitoring the effectiveness of existing 
treatments, authorities can adjust guidelines 
for antimicrobial use and develop targeted 
public health interventions to slow the spread of 
resistance. It is essential to monitor antimicrobial 
resistance actively for effective antimicrobial 
stewardship, ensuring appropriate antimicrobial 
use that optimises patients’ clinical outcomes while 
minimising unintended effects of treatments.27

The One Health surveillance28 approach integrates 
monitoring data about antimicrobial resistance 
in humans, animals, and the environment to 
enhance our understanding of the epidemiology of 
antimicrobial resistance.29
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Improving AMR surveillance

The threat of AMR cannot be mitigated without improving surveillance systems worldwide.  
The challenges of AMR surveillance are as dynamic as the microbes it seeks to track. 

Moreover, there is a high heterogeneity of data collection and reporting between laboratories, which 
makes it difficult to quantify and follow AMR worldwide.30,31 Particularly, surveillance systems are often 
absent in low- and middle-income countries. We need to ensure that surveillance strategies are not 
static but evolve to meet the ever-changing landscape of microbial threats. 

Each microbiology laboratory stores years of data on microbe identities and AMR in patients.  
Paper logbooks are often used in many facilities to store results and are therefore unavailable to 
support data analysis and data sharing.32 These files contain valuable information about the shifts  
in microbial populations that contribute to the development of AMR. Unfortunately, they are often  
not used or shared, despite their potential to shed light on the ongoing progression of AMR.  
As the scale and complexity of surveillance increase, automation emerges as a powerful tool.32 

Automated systems can process vast amounts of data at unprecedented speeds, identifying patterns 
and trends that may elude human observation. Automated analysis can track and report the spread  
of resistant microbes in local and global communities. Real-time automated data collection also allows 
for a proactive rather than a reactive approach, empowering the healthcare system to stay one step 
ahead of evolving microbial threats.32 Moreover, the development of automated linkage of routine 
surveillance data with other databases would provide large integrated datasets outlining the burden  
of AMR in different communities and settings.25

In the context of One Health surveillance, we need to improve surveillance systems for AMR among 
animals and in the food chain, as well as connect them to human surveillance systems. In addition 
to monitoring AMR trends, agreements on key pathogens in humans and animals need to be 
continuously updated based on these trends.

Currently, no single surveillance system is able  
to achieve all the goals of monitoring AMR. 

GLASS only

GLASS and EARS-Net

ReLAVARA only

CAESAR only

EARS-Net only

GLASS and CAESAR

GLASS and ReLAVARA

Not yet submitting data to any regional AMR surveillance network

79

21

15

10

10

8

4

Countries 
submitting 
data to:

GLASS: Global Antimicrobial Resistance Surveillance System
ReLAVRA: Latin America Network for teh Surveillance of Antimicrobial Resistance

CAESAR: Central Asian and Eastern European Surveillance of Antimicrobial Resistance
EARS-Net: European Antimicrobial Resistance Surveillance Network

Source: www.gilanalytics.com 

Global AMR Surveillance Networks (2021)
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The field of microbiology currently offers more opportunities than ever before.33 Despite the significant 
progress made in microbiology over the past two centuries, there is still a vast amount of biological 
information that can be discovered through exploring the microbial world. Advances at the 
microscopic level are crucial to healthcare advancements, and skilled professionals in laboratories 
are the backbone of progress.33 Microbiology laboratory professionals are required to perform  
high-complexity assays and quality control, operate microbiology instrumentation, troubleshoot 
problems, and interpret results.   

Current state of the workforce 

Of course, the field is not without its challenges, and perhaps one of the most pressing issues is the 
shortage of qualified and experienced laboratory professionals.34 Data from the Royal College of 
Physicians Workforce Survey reveals a concerning trend between 2009 and 2019, indicating a decline 
in the number of microbiologists both in absolute numbers and in relation to the number of hospital 
physicians.35 Specifically, the ratio decreased from 5.7 microbiologists per 100 physicians to 3.6 during 
this period.35

In 2021, a subcommittee within the American Society of Microbiology (ASM) collected data from 
ASM members involved in clinical microbiology laboratories. This survey confirmed that laboratories 
continue to experience significant staff shortages. More than 80% of participants indicated the 
presence of at least one open vacancy, with over a third reporting between 3 and 5 vacant positions.  
A notable 3.3% of laboratories were grappling with more than ten vacancies each. 

This staffing challenge was persistent across diverse institutions, encompassing large reference 
laboratories, academic medical centres, and private community hospitals. In the United Kingdom,  
a recent survey in cellular pathology reported a 14% vacancy rate.35 These findings underscore the 
critical challenges faced by microbiology departments and related services, pointing to a significant 
and growing gap in the workforce.

Laboratory Workforce Challenges  
—Navigating the Human Element 

Laboratories with the presence  
of at least one open vacancy

80%

Vacancy rate in the United Kingdom 
for cellular pathology

From  

5.7 to 3.6 
microbiologists 

per 100 
physicians

Decline of the ratio  
between 2009 and 2019

14%
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The issue of the staff shortage is further complicated by changing demographics—in many countries, 
a large part of the microbiology workforce will retire in the next 10-15 years.34 By 2025, the anticipated 
rates of staff-level retirements were recorded by the American Society for Clinical Pathology at 14.5% 
overall, 12.8% in microbiology, and a notably high 30.9% for microbiology supervisors.36 

The impending retirement of many microbiology lab staff could manifest in three key ways: a surge in 
healthcare demand, a substantial loss of experienced professionals, and an aggravation of the shortage 
in the field of laboratory professionals. 

A slight improvement in staff vacancy rates at microbiology laboratories has been seen recently (10.6% 
in 2018 and 6.9% in 2020), although, this is insufficient to replace the expected staff-level retirement.36 

The number of newcomers to fill these vacancies is inadequate,  
and the number of medical laboratory staff being trained is declining.37
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Factors influencing staff shortage

A number of factors influence the current workforce crisis in microbiology laboratories:

	■ Unfair compensation

	■ Job dissatisfaction

	■ Inadequate training programs

	■ Lack of awareness of career options in microbiology laboratories.38

Job satisfaction correlates with the amount of work, acknowledgement, and salary. In numerous 
organisations, staff shortages require the existing workforce to handle the equivalent workload of a fully 
staffed laboratory.38 Staff frequently find themselves working overtime and double shifts, managing 
tasks with minimal crews, all while still being held to the same turnaround time expectations. 

Moreover, the field of clinical laboratory work is often overlooked, rendering it a hidden profession.38  
Lab personnel are frequently not acknowledged by the general public, leading to limited awareness  
of their pivotal role and responsibilities in collecting and processing patient specimens. This situation 
can result in fatigue and burnout.

Consequences of staff shortage

This shortage poses a significant threat to the timely and accurate analysis of samples, hindering  
our ability to respond swiftly to emerging microbial threats. When there are lapses in staffing and 
training, the likelihood of errors rises, potentially adversely affecting the range and quality of diagnostic 
services provided. For example, a strong correlation has been observed between staffing numbers and 
testing volumes.39 

Other ramifications of this shortage include delays in the diagnosis of illnesses, incompleteness in test 
results, and possible setbacks in treatment. Without a sufficient number of laboratory personnel to 
conduct tests, the entire community stands to suffer. Urgent attention and proactive measures are 
needed to address these critical issues and secure the future of the medical laboratory profession.

Addressing workforce challenges

One promising avenue for addressing workforce challenges lies in automation technologies.20,40 
Robotic sample handling, automated culture systems, and other innovative solutions are stepping in  
to augment the capabilities of human professionals. There is presently limited empirical evidence 
on the impact of automation on the efficiency of microbiology laboratories. Nevertheless, there is a 
prevailing sense of optimism within the microbiology community that automation will significantly 
influence patient care and laboratory work, as automation in microbiology continues to advance and 
gain broader acceptance.
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A recent motion-capture study shed light on areas where automation could enhance daily efficiency.41 
For instance, manual inoculation and plate transfer between benchtops and incubators were found  
to occupy 33% and 10% of a laboratorian’s time, respectively. The integration of automated workflows  
is expected to further reduce hands-on time for tasks such as antimicrobial susceptibility testing, 
MALDI-TOF mass spectrometry for organism identification, and culture interpretation, collectively 
accounting for an additional 40% of laboratorian’s time. However, quantifying the isolated effect of 
automation on efficiency proves to be a challenging task.

In the coming years, traditional laboratory tasks such as manual culture plate reading and microscopy 
might become obsolete.21 However, new aspects of laboratory work will emerge for microbiologists and 
laboratory staff. The growing demand for microbiological digital data also offers laboratory staff the 
opportunity to become more involved in patient assessments rather than acting as service providers.42 
This will include complex tasks such as data handling and analysis for diagnostics, research, and 
development.  

In addition to reducing the burden of routine tasks, collaboration between skilled professionals and 
automation technologies facilitates more innovative and high-impact research.

Beyond automation

It is important to note that while automation can alleviate some staffing issues, the current staffing 
needs of laboratories still need to be met. There are some key ways of addressing this.38,43,44

	■ Invest in training programmes 
It is necessary to invest in training programs for potential laboratorians to increase the pool 
of graduates with the skills needed in clinical microbiology. Training would also benefit 
existing microbiology laboratory staff and provide them career advancement and professional 
development opportunities.

	■ Increase awareness of career options in microbiology laboratories 
Increasing awareness of career options in microbiology laboratories is essential for broadening 
the pool of individuals who could be trained and educated in this field. Many potential candidates 
may not be aware of the career opportunities available within microbiology.  Educational 
institutions, professional organisations, and industry leaders can collaborate to create targeted 
outreach programs, workshops, and informational sessions that highlight the exciting 
opportunities and advancements in microbiology-related careers.45 Additionally, showcasing 
real-world success stories of professionals who have thrived in microbiology roles can serve as a 
powerful motivator.

	■ Ensure equitable wages 
The compensation for microbiology laboratory professionals is often lower than other health 
professionals with similar educational requirements.39 This could be one of the key reasons for  
the low retention of microbiology laboratory staff and needs to be addressed on a local and 
national level. For instance, governmental support, signing bonuses, and benefits could address 
this salary gap. 

The future of the microbiology workforce lies in harmonising  
the strengths of human expertise with the efficiency of automated systems. 
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The increasing burden of AMR calls for a more coordinated and interconnected approach across 
different countries and different datasets. The current practice of utilising diverse data structures  
and local codes across institutions poses a challenge to seamless data exchange and integration.  
Data harmonisation that precedes the merging and joint analysis of data involves a time-consuming 
process of aligning disparate structures and codes.46 

Moreover, harmonising data through mappings from proprietary codes to standard codes is inherently 
error-prone and often results in lower data quality. Ideally, standard codes should be incorporated into 
primary clinical record systems either directly or indirectly, following the FAIR principles—ensuring 
data remains findable, accessible, interoperable, and reusable.47  

Interoperability Challenges  

The collaborative effort to integrate data systems ensures  
that insights gained from microbiological analyses seamlessly flow  

into comprehensive patient records, enhancing clinical decision-making.

The need for interoperability 

As microbiology contributes crucial data to the broader healthcare ecosystem, the need for seamless 
interoperability becomes paramount. The ultimate goal of interoperability in microbiology data is to 
establish a universally accepted format that can be adopted across different institutions, accompanied 
by a common international terminology. This aims to enhance interoperability by providing a 
standardised framework in place of, or in conjunction with, local codes. 

FINDABLE
Date has rich  
metadata and  

unique identifier.

ACCESSIBLE
Data can be easily 

downloaded or  
used by employing 
standard protocols.

INTEROPERABLE
Metadata use an 
accessible and  

standard language.

REUSABLE
Data is well-described 

and provides clear  
usage of licences.

F A I R
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Enhanced Care Coordination
Interoperability enables the integration of 
microbiological data with clinical and 
epidemiological information. This supports 
healthcare professionals and public health  
officials in making well-informed decisions 
regarding patient treatment, infection control 
measures, and public health interventions.

Increased Efficiency 
Interoperable systems streamline workflows and 
eliminate redundant data entry. This increased 
efficiency not only saves time for laboratory 
professionals but also reduces operational costs 
associated with manual processes.

Enhanced Surveillance 
Interoperability allows for the seamless exchange 
of microbiological data across different 
laboratories, healthcare facilities, and public 
health agencies. This comprehensive data sharing 
enhances the surveillance of AMR patterns, 
enabling a more accurate understanding of the 
prevalence and spread of resistant strains.

Rapid Detection & Reporting 
Interoperable systems facilitate the rapid 
detection of antimicrobial resistance. Automated 
data exchange and real-time reporting enable 
timely identification of resistant pathogens, 
allowing for swift intervention and containment 
measures.

Cross-Institutional Collaboration 
Interoperability fosters collaboration among 
different healthcare institutions and laboratories. 
This collaborative approach enhances the 
collective ability to respond to AMR challenges  
by sharing best practices, treatment outcomes, 
and resistance profiles.

Support for Research & Development 
Interoperable systems support research efforts  
by providing access to a broader range of 
microbiological data. This facilitates the 
identification of emerging resistance patterns,  
aiding in the development of new antimicrobial 
agents and strategies.

Enhanced 
Care 

Coordination

Increased 
Efficiency

Enhanced 
Surveillance

Rapid 
Detection 

& Reporting

Cross-
Institutional 
Collaboration

Support for 
Research & 

Development

Interoperability

Benefits of Interoperability in Microbiology 
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Data silos

The increasing volume of data collection in the field of AMR raises concerns about potential data silos 
due to differences in methods for data description, analysis, storage, and access. Isolated data systems, 
often referred to as data silos, present a formidable challenge within microbiology. In healthcare, data 
silos often arise from functionalities that historically did not necessitate extensive data sharing. These 
silos hinder the seamless exchange of information between different components of the healthcare 
system, impeding the flow of critical data and compromising the efficiency of patient care. 

Breaking down data silos in healthcare necessitates a concerted effort from all stakeholders, including 
healthcare organisations, technology vendors, policymakers, and regulatory bodies. 

Some key strategies to promote healthcare include:

	■ Advocate for the adoption of standardised data formats and terminologies to ensure 
compatibility and seamless data exchange across systems.

	■ Implement interoperability frameworks to establish standard protocols for data exchange.

	■ Establish robust frameworks for data-sharing policies, privacy regulations, and security measures 
to ensure responsible and secure data exchange.

	■ Invest in interoperable health IT solutions that enable seamless integration with existing systems.

Data safety

Unlike other industries, healthcare data present unique challenges due to the sensitive nature of 
patient care. In the pursuit of interoperability, safeguarding patient data remains a top priority. 

Sensitive healthcare data should only be transferred if anonymised and encoded.48,49 Given the 
potential severity of consequences, with over 70% of recent hospital data breaches involving sensitive 
demographic or financial information that could lead to identity theft,50 robust data safety measures 
are imperative. 
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Interconnected datasets

Today, laboratories have to access several computer programmes to collect information from various 
sources. In the “Research Data Management” section we also touched on the concept of the data 
explosion—the release of a large amount of data with deep medical context. 

Digital tools will be needed to efficiently facilitate the raw-data-to-knowledge process.51 New 
communication and visualisation strategies will be important and the interface between laboratory 
and clinics has to evolve and adapt. For instance, dashboards can summarize the most critical clinical 
information and help to communicate complex data.52,53

Additionally, healthcare data must be standardised and annotated with internationally recognised 
definitions. Ontologies help to structure data in such a way by using a common vocabulary and 
allowing the determination of relations of variables within a data model.54,55 

As an example, antibiotic susceptibility testing may be performed with various technical methods 
providing different sensitivities, error margins, and interpretation guidelines of breakpoints—the 
ontology term allows the specific description of the method in a machine-readable format and  
helps to compare results across different datasets. Various ontologies exist for clinical, laboratory  
and microbiological data such as the WHO’s International Classification of Diseases (ICD).

An underestimated challenge is the maintenance and curation of interconnected databases. As an 
example, with every annually updated antibiotic resistance interpretation by the European Committee 
on Antimicrobial Susceptibility Testing (EUCAST) or Clinical and Laboratory Standards Institute (CLSI), 
antibiotic breakpoints may change and comparability across years is jeopardised.56 

Comparing only the categorical trends, without further knowledge of the version used, harbours the 
risk of false interpretations. Therefore, changes in databases must be well documented and tracked, 
otherwise, temporal trends cannot be reliably analysed. A way around extensive versioning may be  
the storage of raw data—for example, storage of minimal inhibitory concentrations, which could be  
re-used using different breakpoints.

Laboratory specialists, lab technicians, physicians, and information technology  
experts will clearly be challenged to handle this rapidly approaching information wave. 
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Middleware

The growing demand for advanced laboratory instrumentation, automation, and electronic  
reporting underscores the need for improved software solutions to effectively collect, display,  
and integrate data. Middleware has emerged to meet this demand. Middleware serves not only to 
connect legacy systems with newer ones but also facilitates data exchange and the management 
of complex data. Moreover, middleware solutions play a role in unifying microbiology results into a 
centralized and user-friendly system, addressing the limitations of traditional LIS.

This interconnected landscape ensures that insights gained from microbial analyses contribute 
seamlessly to the broader healthcare narrative, propelling the field into an era where collaboration, 
innovation, and patient-centric care define the new standard.

The implementation of middleware not only promotes laboratory automation  
but also contributes to increased productivity, streamlined workflows,  

and standardised processes, all while minimizing the potential for human errors. 

Benefits of Microbiology Middleware

1

2

3

45

6

7

Improved Quality Control
Middleware enables laboratories  

to implement and monitor quality  
ontrol measures more effectively.

Enhanced Efficiency
Middleware automates and streamlines  
laboratory workflows, reducing manual  

intervention and saving time. 

Improved Data Management
Middleware standardises data 

from different instruments into 
a common format, making it 

easier to manage and analyse. 

Seamless Instrument 
Integration

Middleware acts as a 
bridge, allowing for the 
integration of various 
instruments with the 

laboratory information 
system (LIS). 

Comprehensive Reporting
Microbiology middleware provides robust  

reporting capabilities, allowing laboratories  
to generate customised reports, track sample  
status, and monitor instrument performance.

Regulatory  
Compliance

Middleware helps 
laboratories meet 

regulatory requirements 
by providing traceability, 

audit trails, and data 
management features.

Flexibility and Scalability
Middleware can integrate with 
new instruments and adapt to 

changing laboratory workflows, 
ensuring seamless operation 

even as the laboratory expands 
or upgrades its equipment.



BECKMAN COULTER   GOING MACRO ON MICRO 21

1.	 Bayot M, Bragg B. Antimicrobial Susceptibility Testing. In: In: StatPearls [Internet]. Treasure Island (FL): StatPearls 
Publishing;. ; 2022. https://www.ncbi.nlm.nih.gov/books/NBK539714/

2.	 Khan ZA, Siddiqui MF, Park S. Current and Emerging Methods of Antibiotic Susceptibility Testing. Diagnostics.  
2019;9(2):49. doi:10.3390/diagnostics9020049

3.	 O’Connor C, Fitzgibbon M, Powell J, et al. A commentary on the role of molecular technology and automation in  
clinical diagnostics. Bioengineered. 2014;5(3):155-160. doi:10.4161/bioe.28599

4.	 Badrick T. Evidence-based laboratory medicine. Clin Biochem Rev. 2013;34(2):43-46.

5.	 Bourbeau PP, Ledeboer NA. Automation in Clinical Microbiology. Doern GV, ed. J Clin Microbiol. 2013;51(6):1658-1665.  
doi:10.1128/JCM.00301-13

6.	 Dokouhaki P, Blondeau JM. Advances in laboratory diagnostic technologies in clinical microbiology and what this  
means for clinical practice. Clin Pract. 2012;9(4):347-352. doi:10.2217/cpr.12.32

7.	 Patterson JE. Antibiotic Utilization. Chest. 2001;119(2):426S-430S. doi:10.1378/chest.119.2_suppl.426S

8.	 Duszyńska W. Strategies of empiric antibiotic therapy in severe sepsis. Anaesthesiol Intensive Ther. 2012;44(2):96-103.

9.	 Groover MP. Fundamentals of Modern Manufacturing: Materials, Processes, and Systems. 4th ed. J. Wiley & Sons; 2010.

10.	 Burckhardt I. Laboratory Automation in Clinical Microbiology. Bioengineering. 2018;5(4):102. doi:10.3390/
bioengineering5040102

11.	 Matthews S, Deutekom J. The future of diagnostic bacteriology. Clin Microbiol Infect. 2011;17(5):651-654.  
doi:10.1111/j.1469-0691.2011.03512.x

12.	 Seaberg RS, Stallone RO, Statland BE. The role of total laboratory automation in a consolidated laboratory network.  
Clin Chem. 2000;46(5):751-756.

13.	 Cherkaoui A, Schrenzel J. Total Laboratory Automation for Rapid Detection and Identification of Microorganisms and  
Their Antimicrobial Resistance Profiles. Front Cell Infect Microbiol. 2022;12:807668. doi:10.3389/fcimb.2022.807668

14.	 Yeo CP, Ng WY. Automation and productivity in the clinical laboratory: experience of a tertiary healthcare facility.  
Singapore Med J. 2018;59(11):597-601. doi:10.11622/smedj.2018136

15.	 Lippi G, Chance JJ, Church S, et al. Preanalytical quality improvement: from dream to reality. Clin Chem Lab Med.  
2011;49(7). doi:10.1515/CCLM.2011.600

16.	 Holman JW, Mifflin TE, Felder RA, Demers LM. Evaluation of an automated preanalytical robotic workstation at two academic 
health centers. Clin Chem. 2002;48(3):540-548.

17.	 Nowag A, , Wirth S, , Kruse E, , Kronburg E, , Hartmann P, , Wisplinghoff H. Automation in Routine Microbiology –  
Performance Data of a New Automated Inoculation System.

18.	 Zaninotto M, Plebani M. The “hospital central laboratory”: automation, integration and clinical usefulness. cclm.  
2010;48(7):911-917. doi:10.1515/CCLM.2010.192

19.	 Lippi G, Da Rin G. Advantages and limitations of total laboratory automation: a personal overview. Clin Chem Lab Med CCLM. 
2019;57(6):802-811. doi:10.1515/cclm-2018-1323

20.	Rhoads DD, Sintchenko V, Rauch CA, Pantanowitz L. Clinical Microbiology Informatics. Clin Microbiol Rev.  
2014;27(4):1025-1047. doi:10.1128/CMR.00049-14

References  



BECKMAN COULTER   GOING MACRO ON MICRO 22

21.	 Egli A, Schrenzel J, Greub G. Digital microbiology. Clin Microbiol Infect. 2020;26(10):1324-1331. doi:10.1016/j.cmi.2020.06.023

22.	 Galetsi P, Katsaliaki K, Kumar S. Values, challenges and future directions of big data analytics in healthcare: A systematic 
review. Soc Sci Med. 2019;241:112533. doi:10.1016/j.socscimed.2019.112533

23.	 O’Brien TF. International Comparison of Prevalence of Resistance to Antibiotics. JAMA J Am Med Assoc. 1978;239(15):1518. 
doi:10.1001/jama.1978.03280420054018

24.	Huovinen P, Cars O. Control of antimicrobial resistance: time for action. BMJ. 1998;317(7159):613-614. doi:10.1136/bmj.317.7159.613

25.	 Tacconelli E, Sifakis F, Harbarth S, et al. Surveillance for control of antimicrobial resistance. Lancet Infect Dis. 
2018;18(3):e99-e106. doi:10.1016/S1473-3099(17)30485-1

26.	 World Health Organization. Global Antimicrobial Resistance Surveillance System (GLASS) Report: Early Implementation, 
2017-2018.; 2018. https://iris.who.int/bitstream/handle/10665/279656/9789241515061-eng.pdf?ua=1

27.	 Barlam TF, Cosgrove SE, Abbo LM, et al. Implementing an Antibiotic Stewardship Program: Guidelines by the Infectious 
Diseases Society of America and the Society for Healthcare Epidemiology of America. Clin Infect Dis. 2016;62(10):e51-e77. 
doi:10.1093/cid/ciw118

28.	Stärk KDC, Arroyo Kuribreña M, Dauphin G, et al. One Health surveillance – More than a buzz word? Prev Vet Med. 
2015;120(1):124-130. doi:10.1016/j.prevetmed.2015.01.019

29.	 Aenishaenslin C, Häsler B, Ravel A, Parmley J, Stärk K, Buckeridge D. Evidence needed for antimicrobial resistance surveillance 
systems. Bull World Health Organ. 2019;97(4):283-289. doi:10.2471/BLT.18.218917

30.	Watkins RR, Bonomo RA. Overview: Global and Local Impact of Antibiotic Resistance. Infect Dis Clin North Am. 2016;30(2):313-
322. doi:10.1016/j.idc.2016.02.001

31.	 De Kraker MEA, Stewardson AJ, Harbarth S. Will 10 Million People Die a Year due to Antimicrobial Resistance by 2050?  
PLOS Med. 2016;13(11):e1002184. doi:10.1371/journal.pmed.1002184

32.	 O’Brien TF, Clark A, Peters R, Stelling J. Why surveillance of antimicrobial resistance needs to be automated and 
comprehensive. J Glob Antimicrob Resist. 2019;17:8-15. doi:10.1016/j.jgar.2018.10.011

33.	 American Society for Microbiology. Microbiology in the 21st Century: Where Are We and Where Are We Going? American 
Society for Microbiology; 2004. doi:10.1128/AAMCol.5Sept.2003

34.	Van Eldere J. Changing needs, opportunities and constraints for the 21st century microbiology laboratory.  
Clin Microbiol Infect. 2005;11:15-18. doi:10.1111/j.1469-0691.2005.01084.x

35.	 Lawrence S, Aggarwal D, Davies A, Partridge D, Ratnaraja N, Llewelyn MJ. The State of Hospital Infection Services in the UK: 
National Workforce Survey 2021. Clin Infect Pract. 2022;15:100151. doi:10.1016/j.clinpr.2022.100151

36.	 Garcia E, Kundu I, Fong K. American Society for Clinical Pathology’s 2019 Wage Survey of Medical Laboratories in the  
United States. Am J Clin Pathol. 2021;155(5):649-673. doi:10.1093/ajcp/aqaa197

37.	 Baron EJ. Speculations on the Microbiology Laboratory of the Future. Clin Infect Dis. 2002;35(s1):S84-S87. doi:10.1086/341926

38.	3The Royal College of Pathologists. The Infection Sciences Workforce: Challenges and Solutions.; 2021.

39.	 Leber AL, Peterson E, Dien Bard J. The Hidden Crisis in the Times of COVID-19: Critical Shortages of Medical Laboratory 
Professionals in Clinical Microbiology. Humphries RM, ed. J Clin Microbiol. 2022;60(8):e00241-22. doi:10.1128/jcm.00241-22

40.	Culbreath K, Piwonka H, Korver J, Noorbakhsh M. Benefits Derived from Full Laboratory Automation in Microbiology:  
a Tale of Four Laboratories. McElvania E, ed. J Clin Microbiol. 2021;59(3):e01969-20. doi:10.1128/JCM.01969-20

41.	 Dauwalder O, Landrieve L, Laurent F, De Montclos M, Vandenesch F, Lina G. Does bacteriology laboratory automation reduce 
time to results and increase quality management? Clin Microbiol Infect. 2016;22(3):236-243. doi:10.1016/j.cmi.2015.10.037

References, continued



BECKMAN COULTER   GOING MACRO ON MICRO 23

42.	Gruson D, Helleputte T, Rousseau P, Gruson D. Data science, artificial intelligence, and machine learning: Opportunities for 
laboratory medicine and the value of positive regulation. Clin Biochem. 2019;69:1-7. doi:10.1016/j.clinbiochem.2019.04.013

43.	Bennett A, Garcia E, Schulze M, et al. Building a Laboratory Workforce to Meet the Future. Am J Clin Pathol. 2014;141(2):154-167. 
doi:10.1309/AJCPIV2OG8TEGHHZ

44.	Garcia E, Kundu I, Kelly M, Guenther G, Skillman SM, Frogner B. The Clinical Laboratory Workforce: Understanding the 
Challenges to Meeting Current and Future Needs. American Society for Clinical Pathology (Washington, DC) and Center for 
Health Workforce Studies, University of Washington (Seattle, WA); 2021.

45.	Redfern J, Verran J. What is a microbiologist? A survey exploring the microbiology workforce. FEMS Microbiol Lett. 
2015;362(24). doi:10.1093/femsle/fnv208

46.	Baker RE, Mahmud AS, Miller IF, et al. Infectious disease in an era of global change. Nat Rev Microbiol. 2022;20(4):193-205. 
doi:10.1038/s41579-021-00639-z

47.	 Wilkinson MD, Dumontier M, Aalbersberg IjJ, et al. The FAIR Guiding Principles for scientific data management and 
stewardship. Sci Data. 2016;3(1):160018. doi:10.1038/sdata.2016.18

48.	Neame R. Effective Sharing of Records and Maintaining Privacy. Online J Public Health Inform.  
2013;5(2). doi:10.5210/ojphi.v5i2.4344

49.	Renardi MB, Kuspriyanto, Basjaruddin NC, Rakhman E. Securing electronic medical record in Near Field Communication 
using Advanced Encryption Standard (AES). Technol Health Care. 2018;26(2):357-362. doi:10.3233/THC-171140

50.	Jiang J (Xuefeng), Bai G. Types of Information Compromised in Breaches of Protected Health Information. Ann Intern Med. 
2020;172(2):159. doi:10.7326/M19-1759

51.	 Wang X, Williams C, Liu ZH, Croghan J. Big data management challenges in health research—a literature review.  
Brief Bioinform. 2019;20(1):156-167. doi:10.1093/bib/bbx086

52.	 Meng Y, Zhang Y, Wang S, et al. Lessons Learned in the Development of a Web-based Surveillance Reporting System 
and Dashboard to Monitor Acute Febrile Illnesses in Guangdong and Yunnan Provinces, China, 2017-2019. Health Secur. 
2020;18(S1):S-14-S-22. doi:10.1089/hs.2019.0079

53.	 Raban MS, Bamford C, Joolay Y, Harrison MC. Impact of an educational intervention and clinical performance dashboard on 
neonatal bloodstream infections. S Afr Med J. 2015;105(7):564. doi:10.7196/SAMJnew.7764

54.	Gordon CL, Pouch S, Cowell LG, et al. Design and evaluation of a bacterial clinical infectious diseases ontology.  
AMIA Annu Symp Proc AMIA Symp. 2013;2013:502-511.

55.	 5Smith B, Scheuermann RH. Ontologies for clinical and translational research: Introduction. J Biomed Inform.  
2011;44(1):3-7. doi:10.1016/j.jbi.2011.01.002

56.	 Bork JT, Heil EL, Leekha S, et al. Impact of CLSI and EUCAST Cefepime breakpoint changes on the susceptibility reporting for 
Enterobacteriaceae. Diagn Microbiol Infect Dis. 2017;89(4):328-333. doi:10.1016/j.diagmicrobio.2017.08.020

References, continued



© 2024 Beckman Coulter. All rights reserved. Beckman Coulter, the stylized logo, and the Beckman Coulter product 
and service marks mentioned herein are trademarks or registered trademarks of Beckman Coulter, Inc. in the United 
States and other countries. All other trademarks are the property of their respective owners. 

For Beckman Coulter’s worldwide office locations and phone numbers, please visit www.beckmancoulter.com/contact

2024-12522

Learn more
www.beckmancoulter.com/products/microbiology
MicroScanEU@Beckman.com


