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Résumé: La résistance aux antimicrobiens est 
un problème de santé publique mondial. Les 
bactéries résistantes aux antibiotiques peuvent 
causer des infections difficiles, voire impossibles, 
à traiter, augmentant le risque de mortalité et de 
morbidité. L’émergence et la prolifération de 
bactéries résistante est alimentée par de 
nombreux facteurs comme par exemple, la sur 
utilisation d’antibiotique en agriculture, la 
pollution de l’environnement par les effluant 
hospitaliers, les conditions d’hygiènes précaires. 
La diffusion de bactéries résistantes n'est pas 
limitée à un pays ou une région spécifique, mais 
se produit à l'échelle mondiale, menaçant la 
santé publique mondiale. L'accès aux tests de 
diagnostic de laboratoire est crucial pour la 
détection précoce et la surveillance des 
infections bactériennes résistantes aux 
antibiotiques. Cependant, dans les pays à faible 
revenu et à revenu intermédiaire, l'accès aux 
laboratoires de microbiologie de qualité est 
souvent limité en raison de contraintes 
financières, de l'insuffisance des ressources 
humaines et de la capacité limitée des 
infrastructures de santé. Cette situation est 
particulièrement préoccupante dans les zones 
rurales et éloignées où les gens ont moins de 
chances d'accéder à des soins de santé de 
qualité. Face à ce défi, Médecins Sans Frontières, 
organisation humanitaire, a mis en place un 
projet pour y répondre. Les objectifs de cette 
thèse résident dans l'identification, l'adaptation 
et l’évaluation de techniques réalisables et 
abordables pour la bactériologie dans les milieux 
à faibles ressources, concentrées sur des 
packages de laboratoire standardisé de qualité 
garantie qui peuvent être rapidement installés 
dans les hôpitaux de district en utilisant une 
approche multidisciplinaire. Grâce à une 
approche de développement itérative allant de 
l'ingénierie de conception de produits, au test de 
solutions de maquette dans un environnement 
contrôlé, à l'évaluation de différents prototypes 

dans des hôpitaux de MSF, nous avons d'abord 
démontré que pour transporter tous les 
équipements, être déployés rapidement et fournir 
un environnement de travail adéquat et sûr, le 
format des boites paillasses en plastiques roto 
moulés est adapté au contexte difficile dans lequel 
évolue MSF. Nous avons démontré que des milieux 
de culture prêts à l'emploi, thermoscellés, a longue 
durée de vie, utilisés dans les industries 
alimentaires, permettent la croissance des bactéries 
liées aux sepsis dans les pays à revenu faible et 
intermédiaire sans la nécessité d'incubation sous 
CO2 et avec un rendement de croissance similaire 
aux méthodes standard. Nous avons ensuite 
montré que les tests de sensibilité aux antibiotiques 
sous forme micro-dilution en bouillon et adaptés 
spécifiquement choisis pour répondre aux besoins 
de terrain de MSF, offrent des performances 
adéquates pour le traitement et la surveillance dans 
un contexte difficile. Aussi, nous mettons en 
évidence que la lecture ne nécessite pas un lecteur 
automatique mais plutôt un système de guidage 
assisté pour accompagner l'utilisateur dans les 
différentes étapes de lecture d'un antibiogramme. 
Dans l'ensemble, nos expériences en laboratoire à 
l'évaluation finale dans les milieux hospitaliers 
subsahariens, a permis d’établir que l'adaptation 
des technologies existantes pour développer un 
laboratoire capable de fournir des résultats de 
qualité et exploitables  par les cliniciens entre les 
mains de techniciens de laboratoire inexpérimentés 
est faisable mais englobe la nécessité aussi 
d'inscrire toute la chaîne de valeur d'un laboratoire 
dans cette simplicité sans  compromettre les 
performances attendues. Les différentes 
expériences ont également souligné qu'en 
l'absence d'un microbiologiste de terrain, le 
développement de systèmes experts informatiques 
couvrant pour fournir en permanence une 
interprétation des résultats, est essentiel pour la 
robustesse du concept d'un laboratoire tout en un, 
de qualité garantie, déployables et faciles à utiliser, 
le Mini-Lab.. 
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Abstract : Antimicrobial resistance is today uni-
versally recognised as a global threat, because 
of the rapid emergence and dissemination of re-
sistant bacteria and genes among humans, ani-
mals and the environment on a global scale and 
represents a heavy burden for healthcare sys-
tems especially in Low and Middle Income 
Countries. Access to Clinical Bacteriology Labor-
atory in Low resource settings, despite its im-
portance to provide result for treatment guid-
ance and surveillance, have proven to be ex-
tremely challenging to install in settings outside 
of major cities. Médecins Sans Frontières, a lead-
ing organisation in the field of humanitarian in-
tervention, facing this challenge established a 
project to address it.  
The objectives of this thesis lie in the identifica-
tion, adaptation and testing of feasible and af-
fordable techniques for bacteriology in low-re-
source settings concentrate into standardise 
quality assured laboratory packages that can be 
rapidly installed at district level hospitals using 
multidisciplinary approach. 
Through an iterative development approach 
ranging from product design engineering, test 
of mock-up solutions in control environment, 
evaluation of different prototypes on MSF hos-
pital we firstly demonstrated that to transport all 
equipment, be rapidly deployed and provide ad-
equate and safe work environment, the format 
of plastic roto-moulding box benches is 
adapted to the difficult context in which MSF 
operate. Out of the adapted sample work man-
agement for blood culture, we demonstrated 
that ready to use sealed packed culture media , 
used in food industries and based on two for-
mulations of Chromogenic and Chocolate agar 
can growth bacteria that are related to  

Bloodstream infection in LMIC without the 
necessity of CO2 incubation and with yield of 
growth like standard methods. We then showed 
that Antibiotic Susceptibility testing in the form of 
adapted Microbroth dilution microplates panels 
specifically chosen to meet MSF field needs, 
provide adequate performance for treatment and 
surveillance in difficult context. Also, our finding 
highlights that reading of this panel does not 
necessitate an automatic reading but rather of an 
assisted guiding system to accompany the user in 
the different steps of reading an antibiogram. 
Overall, our experiment from control 
environment to the final evaluation in sub-
Saharan hospital settings, established that 
adapting existing technologies to develop a CBL 
able to provide quality, actionable results used by 
clinicians in the hand of unexperienced laboratory 
technicians is feasible but encompass the 
necessity also to adapt all the value chain of a 
laboratory into this simplicity and around a robust 
quality management system. Also the results 
shown that simplification of technologies to LRS 
constraints does not jeopardise performances of 
results provided by this CBL. The different 
experiment also pointed that in the absence of a 
microbiologist, development of computer expert 
systems to constantly provide results 
interpretation, guidance and somehow replace 
the microbiologist is essential for the robustness 
of the concept for an all in one, quality assured, 
deployable easy to use clinical bacteriology 
laboratories, the Mini-Lab. 

 

  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

“In nature nothing is created, nothing is lost, 
everything changes.” 

Antoine-Laurent de Lavoisier, Traité élémentaire de chimie, 1783 
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Introduction 

1. Antibiotic Resistance: a concerning global health issue  

1.1. Understanding Antibiotic Resistance  

Antibiotics were a large medical innovation of the past century. First identified was 
penicillin, in 1928 by Alexander Fleming[1]. Since then, multiple other antibiotics have 
been discovered and developed, which has improved medicines significantly[2]. Anti-
microbial resistance among bacteria is a natural and evolutionary process where bac-
teria develop mechanisms to resist the effects of antimicrobial drugs. This can happen 
through genetic mutations or the acquisition of resistance genes from other bacteria 
through horizontal gene transfer. [3], [4].  

Since the human discovery of antibiotics, civilisation has disrupted the delicate bal-
ance between organisms producing antibiotics and microorganisms, promoting the 
selection of resistance [5]. In humans, the drivers of antibiotic resistance are complex 
and multi-factorial, especially in Lower- and Middle-income countries (LMICs), but are 
also not absent in High Income Countries (HICs)[6]. These drivers and factors include: 
(i) inappropriate socio-ecological behaviours, (ii) poverty; overcrowding, (iii) lack of sur-
veillance systems, (iv) food supply chain safety and control issues, (v) highly contami-
nated waste effluents and poor hygiene, (vi) loose rules and regulations on antibiotics 
importations and distributions, (vii) irregular access to antibiotics, and (viii) inappropri-
ate prescriptions of antimicrobials [7]. Use of antibiotics in food and companion ani-
mals, fish, and the environmental resistance gene pool, are also pointed out as key 
players in to the ever growing burden of AMR[8]. Veterinary hospitals dedicated to pets 
have cropped up, especially in urban areas of LMICs where use of antimicrobials has 
also been increased substantially[9]. Small-scale backyard farming systems are being 
replaced by industrial food animal production (IFAP), due to the rising demand for an-
imal protein in LMICs[9]. The lack of stringent regulations and monitoring and increases 
in the non-therapeutic use of antimicrobials in industrial farms has led to the persis-
tence of AMR microorganisms. Associated with multiple other factors, such as co-re-
sistance, cross-resistance, bacterial fitness, mixing of new and old animals, and vectors 
or reservoirs of bacterial infection is causing a significant change the global dysbiosis 
of eco-epidemiology[9], [10]. 
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AMR is an “ecosystem related” problem, which threatens the interplay of human, 
animal and environmental health (“One Health”). Resistant bacteria arising in one geo-
graphical area can spread via cross-reservoir transmission to other areas worldwide 
either by human-to human transmission, and /or exposure through the food chain 
and/or environmental contamination[11] (Figure 1).  

1.2. A Public Health Issue with Heavy Consequences 

Antimicrobial resistance (AMR) is today universally recognised as a global health 
threat, because of the rapid emergence and dissemination of resistant bacteria and 
genes among humans, animals and the environment on a global scale and represents 
a heavy burden for healthcare systems all over the world [12]–[14]. This basically means 
that standard antibiotic treatment may no longer work, and the subsequent control of 
infections will be harder if not impossible. As some infections no longer respond to 
treatments, there is a bigger risk of dying from infections, especially for those who are 
immunocompromised but not only[14]–[16].  

From an economic point of view, antibiotic resistance leads to longer stays in hos-
pital and longer bouts of illness and, consequentially, higher costs for healthcare pro-
viders[17]. The increase in AMR is widely considered a public health emergency, as so-
called “superbugs” are emerging that can no longer be treated effectively with currently 
available antibiotics. This has led to warnings by the World Health Organization (WHO) 

Figure 1 : Schematic of the development, spread, drivers and tools for the mitigation 
of AMR. (Zellweger et al. 2017) 
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of the arrival of a “post-antibiotic era”, in which a simple wound infection or pneumonia 
could become fatal[18]. 

According to WHO, this situation threatens to set back the achievements of modern 
medicine. A post-antibiotic era, in which common infections and minor injuries could 
kill, can be possible[18]. In 2015, antibiotic resistance was estimated to be responsible 
for approximately 700 000 deaths with a dire prediction of up to 10 million AMR asso-
ciated deaths by 2050[19]. In a recent systematic study published in the Lancet, Murray, 
et al., estimated that there were 4.95 million (95% CI 3.62–6.57) deaths associated with 
bacterial AMR in 2019. This includes 1.27 million (95% CI 0.911–1.71) deaths attributa-
ble directly to bacterial AMR[13]. At the regional level, it has been estimated that the 
all-age death rate attributable to AMR is the highest in western sub-Saharan Africa.[13] 

1.3. A Rising Concern in Low Resource Settings 

The impact of AMR on morbidity and mortality has been described being higher in 
LMICs [20]–[24]. The recent study performed by Murray et al. as part of the Global 
Research on Antimicrobial Resistance Project (GRAM) project, mentionned that AMR 
all-age death rates were highest in LMICs versus HIC, making AMR not only a major 
health problem globally but a particularly serious problem for some of the poorest 
countries in the world[13]. Also, the WHO report from the global antimicrobial re-
sistance and use surveillance system (GLASS), showed that in LMICs, 58.3 % of the Esch-
erichia coli are resistant to third-generation cephalosporin as compared to 17.5% in 
HICs. For Staphylococcus aureus, 33% were methicillin resistant in LMICs as compared 
to 15% in HICs[24]. 

The situation in LMICs is further aggravated by a lack of accurate information from 
rural areas and the over emphasis on urban collected data concerning the extent of 
AMR, especially in sub-Saharan Africa[25], [26]. Uncontrolled use of antibiotics, sub-
standard dosing, substandard quality of antimicrobials, higher incidence of healthcare-
associated infections, population displacement, lack of veterinary oversight in antimi-
crobial use in agriculture, insufficient access to safe drinking water and sanitation facil-
ities, and limited diagnostic facilities are factors likely contributing to higher rates of 
AMR in LMICs [11], [12], [20], [27]–[30]. Despite impressive economic growth in Asia 
and even in many African countries, most LMICs on these continents constitute so-
called low-resource settings (LRS); these are settings with limited clinical laboratories 
and other healthcare resources[31]. Most of these settings are in low-income countries, 
but also in remote or rural areas in middle-income countries. Not all laboratories in 
LMICs constitute a low-resource setting: some tertiary hospitals in capital cities may be 
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well equipped and financed. Thus, for the rest of our presentation, the use of LRS will 
refer to secondary care or district hospitals in LMICs which have limited diagnostic fa-
cilities and capabilities[32]. Also, in some countries we do acknowledge that some ter-
tiary care or regional hospital might fall under the definition of LRS, because of lack of 
functioning microbiology laboratories. 

1.4. Bloodstream infection, from malaria to bacterial sepsis paradigm change  

With the amendment, in 2010, of the WHO acute fever case management algorythm, 
from presumptive antimalarial treatment to parasite-based diagnosis for all popula-
tions in endemic areas and the introduction of affordable malaria antigen-based rapid 
diagnostic tests (RDTs)[33] a paradigm shift in the management of febrile illnesses in 
malaria-endemic countries has occurred. Historically, malaria was considered, by de-
fault, the principal cause of fever, and presumptive empiric antimalarial therapy was a 
widespread policy and practice[33]. A new paradigm has emerged based upon a study 
carried out by Valerie D’Acremont in Tanzania in 2011. In the study samples were 

Figure 2: Courtesy of Valérie D’Acremont, Swiss TPH on the result from the study done in Tanzania 
among patients attending OPD with Severe febrile illness. The figure presents the distribution of 
illnesses by pathogen type (bacterial, viral, or parasitic) found among 227 children tested (D’Acremont,  
et al., 2014, NEJM.  
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collected from children attending the Outpatient Department (OPD) with febrile ill-
nesses. The researchers showed that most fevers were related to viral infections and 
only 10% were due to parasitic infections. Surprisingly, it was shown that 22% were due 
to bacterial infections of the bloodstream[34]. 

While challenges remain for malaria RDT implementation, the availability of rela-
tively simple, reliable, and accessible point-of-care tests means that it has become 
more straightforward to rule malaria out of a differential diagnosis. Since the clinical 
presentations of febrile episodes are often non-specific, definitive diagnosis requires 
an array of laboratory tests, many unavailable at the point of care[35]. Nevertheless, 
when and where testing is available, a large proportion of individuals with fever remain 
undiagnosed. In many African countries, diagnostic facilities are limited, and surveil-
lance networks are often clustered around research institutions, leaving wide geo-
graphic swathes with no data on the aetiologies of febrile illnesses[36]. In the absence 
of reliable data, health care providers often resort to the prescription of empiric anti-
microbial therapies, potentially promoting the emergence and spread of AMR[36]–[38]. 
This has propelled the improvement of fever case management into the limelight as a 
global health priority, with a recent proliferation of articles describing aetiologies of 
non-malarial febrile illnesses (NMFI) in LMICs[35]–[38] 

A proportion of the febrile illnesses become severe febrile episodes of which invasive 
bacterial infections, namely bloodstream infections, severe pneumonia, and meningitis, 
continue to be leading causes of morbidity and mortality[26], [39]–[42]. Severe local-
ised or systemic infections can cause micro-organisms to enter the bloodstream via the 
lymphatic system. This presence of bacteria in the bloodstream is called “bacteraemia”. 
Most of the time, these bacteria are cleared quickly by the immune system. In the case 
of overwhelming infections or intravascular focus of infection, the immune system may 
be unable to clear the bacteria from the blood, resulting in a bloodstream infection 
(BSI) [43] which can lead to sepsis, a life-threatening organ dysfunction caused by a 
dysregulated host response to bloodstream infection and to death[44]–[47]. Infections 
that result in excess mortality are the most natural initial direction to focus on in LRS 
for Médecins Sans Frontières (MSF) related interventions. 

In the first WHO report on the global epidemiology and burden of sepsis, published 
in 2020 [48], it is mentioned that sepsis mortality, a final common pathway to death for 
severe infectious diseases, but which can also arise as a complication of injuries and 
non-communicable diseases, is responsible for an estimated 20% of all-cause global 
deaths [48]. Sepsis disproportionately affects neonates, pregnant or recently pregnant 
women, and people living in low-resource settings. It was highlighted that the current 
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understanding of the epidemiology of sepsis is limited, especially where the burden is 
highest, and is also hampered by poor data quality, especially in LRS[48]. 

 

 
Figure 3: Schematic representation of the cascade from entry site of the micro-organisms toward 
bloodstream infection and sepsis, adapted from Delano et al. 2016, Fujishima et al. 2016 and Codina et 
al. 2022. 
WHO emphasised that antimicrobial resistance further complicates the manage-

ment of sepsis across all settings, particularly in high-risk populations, such as neonates 
and individuals in intensive care units (ICUs)[48]. A recent publication on the global 
burden of sepsis across all populations and based on death records’ analysis by the 
Global Burden of Disease (GBD) study, estimated that in 2017, sepsis had affected up-
wards of 49 million individuals and was related to approximately 11 million potentially 
avoidable deaths worldwide. In addition, sepsis mortality is often related to suboptimal 
quality of care, inadequate health infrastructure, poor infection prevention measures, 
late diagnosis, and inappropriate clinical management[49]. 

In this type of study, robust data are scarce, and the robustness of the data can be 
affected as the case proportion of sepsis suspected to be due to nosocomial infections 
is unknown. Individuals admitted to hospital for non-infectious conditions are exposed 
to infection risk either from invasive devices such as central venous or urinary catheters 
or through inadequate handwashing practices among healthcare workers and authors 
emphasise the necessity for further studies[49]. The WHO report, in addition, men-
tioned that a comprehensive summary of published evidence on the epidemiology of 
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Health Associated (HA)-sepsis found that 1 in 4 cases of sepsis was acquired in the 
hospital, increasing to 1 in 2 in ICUs for sepsis with organ dysfunction[50]. Also, the 
same report mentioned also 25% of sepsis is tracked to Urinary Tract Infections (UTIs) 
either not, poorly or under treated[50]. 

 

Figure 4: Percentage of all deaths related to sepsis, age-standardised for both sexes, in 2017 (B), 
extracted from the article of Rudd et al., 2020, The Lancet [49] 

Médecins Sans Frontières (MSF), an international medical humanitarian organiza-
tion, supports health care facilities in over 72 countries, mainly in LMICs. The causes 
and extent of bloodstream infections remains mainly unknown in MSF hospitals, and 
they are underdiagnosed due to a lack of access to proper diagnostics. Also, increasing 
evidence of co-infection of malaria with non-typhoidal Salmonella [40], [51], spectrum 
and frequency ranking of bacteria causing BSIs in LMICs difference from those recorded 
in HICs further stress the need for another paradigm change. Pathogens like Salmonella 
enterica or Burkholderia pseudomallei are uncommon in HICs but account for a large 
proportion of pathogens in Africa and South-East Asia [52]–[56]. Vaccine preventable 
pathogens, such as Haemophilus influenzae and Streptococcus pneumoniae, are also 
more common in LMICs [53], [54]. 

Also, the use of antibiotics on a large scale on such diseases, with limited guidance 
from diagnostics testing, is a fundamental part of MSF’s medical response, including in 
paediatrics / malnutrition programs, In-Patient Department (IPD) and Out-Patient De-
partment (OPD) programs, epidemic responses, surgery, and medical responses to nat-
ural disasters. However, globally the increasing risk of antibiotic-resistant bacterial in-
fections, both among those hospitalised as well as individuals in the community, has 
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shown that all health care actors, including MSF, should begin to make more deliberate 
efforts to improve pathogen detection, identification and susceptibility testing to facil-
itate appropriate treatment, prevention of (bacterial) infections and the propagation of 
AMR. 

A measured response is possible. This is possible with the implementation of: (i) 
better antibiotic stewardship, (ii) better infection and prevention practices, (iii) imple-
mentation of clinical bacteriology laboratory, (iv) support of better direct care and (v) 
increased surveillance capacity. These actions will allow for aggregation of data from 
areas where the scientific community could not otherwise obtain data. This then allows 
for the development and dissemination of fit-for-purpose standard treatment guide-
lines, where in data driven cases empirical antibiotics can be used where the prevalent 
community-based causes of invasive bacterial infections is understood. However, to 
make this feasible, existing solutions in clinical bacteriology must be simplified and 
standardized.  

2. Clinical Bacteriology in Low-Resource Settings: A Gap Analysis 

WHO has long recognised the need for an improved and coordinated global effort 
to contain AMR. In 2001, the WHO Global Strategy for Containment of Antimicrobial 
Resistance provided a framework of interventions focused on slowing the emergence 
and reducing the spread of antimicrobial-resistant microorganisms[57] In 2012, WHO 
published “The Evolving Threat of Antimicrobial Resistance – Options for Action”[14] 
where it was proposed that a combination of interventions that include strengthening 
health systems and surveillance; improving use of antimicrobials in hospitals and in the 
community; infection prevention and control; encouraging the development of appro-
priate new drugs and vaccines; and political commitment was the approach which 
would lead to affective change. 

Following the indication of a primary role for surveillance, in April 2014, WHO pub-
lished the first global report on surveillance of AMR collecting experiences from na-
tional and international surveillance networks and NGOs such as MSF[23] and in 2017 
the WHO provided a prioritized list of pathogens for surveillance and research and 
development of new antibiotics[58]. Recently the WHO published a list of prioritized 
fungal pathogens to guide research, development and public health action[59].  

In the global action plan published in 2015, WHO identified five strategic objec-
tives[18]. The main goal being to treat and prevent infectious diseases with effective 
and safe treatment choices. Among the strategic objectives, diagnostic tools are men-
tioned several times as an effective means to reach such an objective. Diagnostics are, 
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in fact, a strong contributing factor in reaching at least two of the five objectives men-
tioned by the WHO:  

• Strengthen the knowledge and evidence base through surveillance and 
research, and   

• Optimise the use of antimicrobial drugs in human and animal health.  
The implementation of relevant diagnostic solutions, permitting rapid identification 

of pathogens and their subsequent susceptibility and resistance to selected antibiotics, 
has the ability to improve surveillance and therefore the knowledge and prevention of 
AMR. However, tools are ineffective unless they can be part of a solution. Development 
of the Dx tools should always be part of a holistic approach to diagnosis, treatment 
and monitoring.  

Such knowledge will help improve the optimal use of antibiotics with an important 
consequences on treatment outcomes. This innovation is thus seen as a lever to coun-
ter the rise of AMR. Research and development programmes in syndromic driven di-
agnostic solutions, better understanding of AMR (phenotypic and genotypic), better 
understanding of the pathogen and human interaction and focused efforts in the de-
velopment of new antibiotics and new classes of antibiotics are highly needed.  

WHO in their global action plan, recognises implementation of Clinical Bacteriology 
Laboratories (CBL), allowing for the diagnosis of bacterial infections as well as guidance 
for appropriate treatment, as one of the key solutions for addressing the AMR issue. 
However, today, hardly any CBLs exist in LRS due to the difficulties of implementation, 
including high costs, requirements of highly skilled staff and close supervision[60]. In 
addition, the implementation of CBLS is complicated due to the settings and inappro-
priateness of many diagnostic tools and methods. Conventional methods for bacterio-
logical culture were not developed for nor have they been adapted to low-resource 
facilities (e.g. cold chain requirements, logistical constraints, complexity, etc.) and the 
resulting outputs, if not properly interpreted, are sometime complex to be understood 
by clinicians[32], [61]. 

Even today, the strengthening of clinical bacteriology and use of culture based phe-
notypic methods in LRS is pivotal to diagnose BSIs and improve individual treatment 
strategies while controlling the spread of AMR[62]. Efforts have been invested in the 
strengthening of laboratory systems with successful outcomes for severe infectious 
diseases such as malaria, tuberculosis and HIV[18], [63]. However, compared to these 
"single pathogen" disease silos, clinical bacteriology covers a wider spectrum of path-
ogens and clinical presentations, and is less prone to being captured in simple and 
straightforward diagnostic and therapeutic algorithms[31].  
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In recent reviews it was stated that available LMIC AMR data lack standardisation 
data collection and laboratory practises and are often not representative of what is 
occurring throughout a country or large community[22], [64]. Data is also often col-
lected inconsistently, leading to systematic inaccuracies and underreporting[21]. Data 
quality and coverage are complicated by a lack of infrastructure and expertise[65], es-
pecially in laboratory facilities where quality assurance procedures, skilled personnel, 
laboratory supplies, and adequate and functioning equipment are all in short sup-
ply[32], [66]–[69]. Robust data management is also often lacking. As a result, LMIC cli-
nicians frequently distrust and underutilise laboratory services and ignore reported re-
sults (such as failing to de-escalate or discontinue an individual’s antibiotic even when 
it is indicated by the lab)[22]. Despite a general consensus concerning the need for 
improved bacteriological diagnostics in LMICs, there is consistent underfunding and 
underdevelopment[22]. 

Moreover, microbiology laboratories in LMICs are usually found only in reference 
hospitals in large cities. AMR data is thus biased towards community-acquired, urban 
infections and HAIs which are seen at an advanced level of care. Physicians without 
access to local bacteriology services are deprived of direct diagnostic support and must 
rely on aggregated referral centre data or imprecise international data to inform anti-
biotic guidelines and empiric treatment[41]. While trying to predict AMR prevalence 
more local surveillance can resolve these challenges and have a major impact on indi-
vidual care management[70]. 

Furthermore, the rolling-out of CBL in LRS raises numerous challenges, including 
procurement constraints, product stability and availability of qualified personnel[32]. 
Automated systems are restrictive due to their high costs and high maintenance re-
quirements, molecular-based methods for identification (ID) and antibiotic susceptibil-
ity testing (AST) are also too costly and not yet ready to replace phenotypic methods, 
and whole genome sequencing (WGS) is not yet applicable in the diagnostic setting as 
sensitivity of WGS is not on par with phenotypic testing in the case of some antibiotics 
or it does not take in consideration interaction of multiple drugs [71]. 

Rapid, affordable, and effective point-of-care (POC) diagnostics, especially those 
that distinguish between viral and bacterial infections, identify pathogens, and provide 
antibiotic susceptibility testing (AST) are much needed. Yet, these breakthrough prod-
ucts have not yet materialised, mostly because of market failures and barriers to use 
and a lack of understanding of the use cases by the manufacturers[65]. 

In collaboration with a working group of clinical microbiologists and infectious dis-
ease physicians from both HICs and LMICs, an extended gap analysis was performed 
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and has been published as an opinion paper on the topic and can be found in Annex 
1: 

Sien Ombelet*, Jean-Baptiste Ronat*, Timothy Walsh, Cedric Yansouni, Janneke Cox, 
Erika Vlieghe, Jan Jacobs on behalf of the Bacteriology In Low Resource Settings 
Working Group. Clinical bacteriology in low-resource settings: today's solutions, 
Published in: Lancet Infectious Diseases 2018;18(8):e248-58 
* Both authors contributed equally to the manuscript 

3. Building the specifications to adapt the clinical bacteriology laboratory 
for MSF field interventions 

Médecins Sans Frontières (MSF), as a major international medical humanitarian or-
ganization supporting over 170 health facilities globally, faced and witness the chal-
lenges posed by AMR in LMIC[72]–[80]. Since 2008, MSF has established clinical bac-
teriology laboratories (CBLs) in some low-resource settings (Mali, Jordan, Liberia, Cen-
tral African Republic, Yemen) and partner with fourteen private or public CBLs, mainly 
in urban accessible hospital settings. 

As MSF is increasingly confronted with antibiotic resistance in many of its projects, 
several initiatives were created to tackle antibiotic resistance such as: (i) installation of 
the first Clinical bacteriology laboratories for diagnostic and research purpose in 2008 
(Niger), (ii) the creation of the Antibiotic Task Force in 2014, (iii) the medical conference 
on AMR in Jordan in 2014 with several Ministries of Health representatives from neigh-
bouring countries, (iv) a partnership with the Global Antibiotics Research and Develop-
ment (GARDP) created in 2016, (v) development of an electronic Decision Support Sys-
tem (eDSS) for paediatric primary care (MSF eCare) in 2018, (vi) development of a mo-
bile application for Antibiotic Susceptibility Testing measurement and interpretation 
(Antibiogo) in 2020 and (vii) much more. These initiatives demonstrate how much MSF 
needs to address the issue of AMR and how within the organisation it is felt and how 
strong the commitment is to find new strategies to tackle the AMR problem.  

3.1. MSF Clinical bacteriology laboratory intervention priorities  

While waiting for breakthrough solutions able to diagnose AMR at the bedside and 
tailored to LMIC requirements, facing the challenge to rapidly install CBL in rural and 
more remote settings (outside of a capital or main cities), at the end of 2015 MSF de-
cided with key partners to support the creation of an initiative to develop its own so-
lutions to tackle AMR diagnostic and surveillance. Financial support was provided to 
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implement the project and a governance was created consisting of a steering and a 
scientific committee. 

It was also recognised that this project could potentially have an enormous trans-
formational impact by revealing the distribution of AMR within the MSF field projects 
and by supporting the challenges faced by MSF in adopting therapeutic guidelines to 
local data. 

Based on the challenges described above and the strategic plans of all Operational 
Centres (OCs), MSF supported the implementation of a road map that included 3 pil-
lars: infection prevention and control (IPC), antibiotic stewardship and diagnostic/sur-
veillance. Implementation of the Simplified Clinical Bacteriology Laboratory (Mini-Lab) 
throughout several programs was and is an essential part of this road map. 

MSF medical directors, together with experts of the MSF laboratory working group 
set the objectives to which the Mini-Lab should reach: 

- Support the reduction of morbidity and mortality from invasive life-threatening 
bacterial infection including antibiotic-resistant infections in hospitalised pa-
tients. 

- Provide detection of invasive bacterial bloodstream infections with blood cul-
ture samples  

- Priority would be given to those hospitalised:  

o children with key risk factors for bloodstream infection (i.e. malnutrition, 
neonates, malaria co-infection, signs of severity),  

o children with failure to respond to first-line treatment or deterioration 
while hospitalised. 

o adults and children with suspected burn-based sepsis 

o adults and children with HIV infection admitted with fever.  

- Strengthen MSF guidelines/recommendations based on current data sets, in-
form national / international (WHO) stakeholders and sharpen advocacy to-
wards field-relevant diagnostics for bacterial infections based on recent data. 

3.2. Developing the requirements of the Mini-Lab 

In early 2016, the scientific committee, consisting of renowned academic persons 
(e.g. clinical microbiologists, AMR experts, IVD developers, biomedical engineers, etc.,) 
together with the project team started to develop the requirements for what was to 
become the Mini-Lab. 
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- The Mini-Lab should consist of a small-scale, quality-assured, low-cost, stand-
alone and transportable clinical bacteriology laboratory allowing for the diag-
nosis, identification of causative agent and informed antibiotic treatment deci-
sion making for cases of sepsis using manual techniques, but harmonised and 
simplified to clinical relevance, and performed by trained but non-expert users. 

- The type of development process should be done by reviewing, reviving and 
adapting existing growth-based methods, focusing on minimal bacterial identi-
fication and susceptibility testing needs tailored to the available antibiotics in 
the field with the support of knowledgeable and volunteer academic and non-
academic experts. This development process is referring to the existing concept 
of “reverse innovation”, a process whereby goods are developed as inexpen-
sive models to meet the needs of developing nations1. 

Table 1: Specifications set by the scientific committee of the Mini-Lab as of February 2016 

KEY FEATURES DESIRED ACCEPTABLE 

INTENDED USE 

Target diseases 
Bloodstream infection, osteomyeli-
tis2 

Bloodstream infection 

Technical and 
strategy purpose 

• It aims to perform bacterial identification and antibiotic suscepti-
bility testing focusing on a minimal but clinically relevant level of iden-
tification and susceptibility testing tailored to the required and avail-
able antibiotics in the field. 

• This concept must follow a modular approach in order to permit 
usage flexibility by field workers /team targeting three different strat-
egies such as for patient care, surveillance and for operational field 
studies: 

• Patient care: Support the diagnostic of above-mentioned disease 
and help target / adapt antibiotic therapy 

• Surveillance: Support clinical based surveillance of antibiotic re-
sistance patterns on the field to capture relevant data to permit the 
update of empirical treatment guidelines. 

• Operational studies: Support field studies on diagnostic perfor-
mance and on infection prevention strategies 

 
1 "GE’s Immelt Says 'Reverse Innovation' Needed for Global Growth (Bloomberg)". Retrieved 21 October 2009. 
2  Any bacterial infections, outside of extrapulmonary Tuberculosis, that could be diagnosed trough collection of 
sterile body fluids might be done using Mini-lab as well. 
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KEY FEATURES DESIRED ACCEPTABLE 

Target popula-
tion 

• Any hospitalised patient with 
suspected sepsis, immunocom-
promised or not. 

• Hospitalised patients with in-
fections related to war, trauma or 
prior surgery. 

Hospitalised patients: Malnour-
ished children, neonates, malaria 
co-infected children, severely ill 
children, patients with burn 
wounds with suspected sepsis, 
patients living with HIV and ad-
mitted with fever. 

Target use set-
ting 

MSF supported second level of care structure with or without laboratory 
facilities on site 

Identification 
target patho-

gens 

• Minimum and most clinically relevant bacteria causing blood-
stream infection and osteomyelitis in LRS with minimal identification 
to the genus or the family if of clinical relevance and growing in stand-
ard broth (to exclude Bartonella, Leptospira, etc).  
• Possibility to have a sub-list of pathogens depending on the geo-
graphical zone/site (core pathogens + site depending pathogens). 
The system should permit the storage and conservation of strains as 
well for a minimum period of 6 month and safe shipment to referral 
laboratory in the country or overseas to perform further investigation, 
confirmation, or quality control. 

Antibiotic List to 
be tested 

• Reflect the MSF-WHO essential drug list including and adapted to 
local spectrum of pathogens and antibiotic resistance patterns list 
with “must have” and “nice to have” including last resource ATB.  

• Proxy indicator of other resistance. List must be adapted according 
to the above strategy (patient care, surveillance, etc.).  

• The system should permit the storage and conservation of strains 
for a minimum period of 6 months and safe shipment to referral la-
boratories in the country or overseas to perform further investigation, 
confirmation, or quality control 

Diagnostic Per-
formance  

• Yield of pathogens must be comparable with current state of the 
art, “blood culture “system (50 to 60% Se if enough blood volume 
sampled and culture )[81] 

• System to allow good quality indicators (lower than 3 % contami-
nation rate and between 10 – 15% positivity (pathogen) rate,  > 80% 
appropriate blood filling rate of blood cultures bottles. Antimicrobial 
susceptibility test (AST) devices that are used to determine minimum 
inhibitory concentrations (MIC) and/or interpretive category determi-
nations of susceptible, intermediate and resistant should note permit 
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KEY FEATURES DESIRED ACCEPTABLE 

“very major” errors to occur [82] and should follow FDA guidance on 
discrepancies agreements[82] or ISO 20776-2:2007[83]. 

Clinical Specific-
ity 

Same as conventional culture 

Type of Analysis Analysis based on existing growth-based methods and non-culture-
based tests available on the market, with adaptations and improve-
ments when appropriate and feasible. Manual system is preferred – but 
“objective” growth indicator needed (agar paddle, agar slant). Screw 
cap and wide mouth preferable 

Reading system 

 

Visual & semi-automated, with 
dedicated equipment 

Visual 

Throughput 30 new tests/day; pick loads of 200 
max per 5 days. 

10 new tests / days; pick loads of 
75 max per 5 days. 

Sample type  Blood and bone / Tissue / Pus-aspi-
rate 

Blood 

TEST PROCEDURE 

Number of steps < 6 <10 

Biosafety No need for biosafety cabinet at any 
step of performing the laboratory 
tests. No Bunsen burner, no gas re-
quired 

If a biosafety cabinet or other 
measures are needed, the mate-
rials need to fit the below de-
scribed specifications. 

Time to result • Total incubation time not longer than 5 days. 

• 85% must turn “growth positive” < 48 h and AST results should 
be available 24 hours after “growth positive” 

Volume and 
type of samples 

required  

• Should be adequate volume 
regarding field, patient, and 
technical constraints in a man-
ner that it does not affect much 
the diagnostic performance. 

• From 1ml to 10 ml of whole 
blood sampled by phlebotomy. 

• Disinfection and sampling 
procedures / materials should 
allow sampling of blood in a 
way to limit skin contamination 

• < 10 ml of whole blood 

• Disinfection and sam-
pling procedures / materials 
should allow sampling of 
blood in a way to limit skin 
contamination of samples 
and to facilitate the collec-
tion of the required volume 
of blood. 
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KEY FEATURES DESIRED ACCEPTABLE 

of samples and to facilitate the 
collection of the required vol-
ume of blood. Should permit 
sample collection of patients 
under antibiotic treatment. 

• Sample kit should include all 
materials for sample taking (an-
tiseptic pads, needles, gloves, 
sterile pads, etc.) 

Sample 
transport and 
sample prepara-

tion  

 

• Blood culture system needs 
to withstand environmental 
temperature and delay pending 
incubation at 35°C. Should with-
stand a delay of 4 hours to incu-
bation. 

• No Preparation Require-
ment  

• Blood culture system 
needs to withstand environ-
mental temperature and de-
lay pending incubation at 
35°C. Target lower than 4 
hours at a temperature be-
tween 20°C and 35°C 

• No preparation require-
ment  

Internal Control • All necessary internal quality control strains/material should be 
available within the kit. It usage, storage and interpretation should 
be made as easy as possible for non-expert but trained personnel. 

• The minimum of control strains should be aimed and validated.  

OPERATIONAL CHARACTERISTICS 

Operating con-
ditions 

• 15 – 40°C  

• 25-90% RH 

• 15 – 35°C 

• 25-80% RH 

Shelve life (sta-
bility) 

 

• Upon arrival on the site in 
the country the product should 
be stable for 18 months  

• Reagents / consumables 
should withstand environmental 
temperatures between -10 °C 
and 40°C for a period of at least 
48 hours.  

• Upon arrival on site in the 
country, the product should 
be stable for 12 months  

• Reagents / consumables 
should withstand environ-
mental temperatures be-
tween -10 °C and 40°C for a 
period of at least 24 hours. 

Storage condi-
tions 

 

Can be stored between 2°C and 
40°C. A maximum of 45 L (Net stor-
age capacity) volume of 

Can be stored between 2°C to 
30°C. A maximum of 108 L (Net 
storage capacity) volume of 
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KEY FEATURES DESIRED ACCEPTABLE 

reagents/consumables for one 
week of activity may require 2 - 8°C 
storage. 

reagents/consumables for one 
week of activity may require 2 - 
8°C storage. 

In use stability 
(under tropical 
conditions) 

Minimum of 4 weeks below 40 °C if 
pouch sealed (ziplock) after use. 

Minimum of 4 weeks at 2 to 8 °C 
if pouch sealed (ziplock) after 
use. 

Reagents recon-
stitution 

 

• All reagents and media ready for 
use except for lyophilised / dehy-
drated reagents/consumables (in 
that case appropriate volumes and 
easy transfer required).  

• This step should not have bi-
osafety requirements such as a bi-
osafety cabinet or hood.  

• Reconstitution acceptable if 
very simple to do. 

• All reconstitution fluids (in-
cluding water) already provided 
in the kit. 

End user profile 

 

Trained laboratory technician in health care facilities: 

• Personnel using the Mini-Lab should have at least diploma in 
laboratory technician science and should be able to read and under-
stand the technical language of the Mini-Lab either Eng-
lish/French/Arabic 

Biosafety re-
quirement 

 

Biosafety requirement not higher than level 2: 

• Biosafety requirements should take in consideration till risk 3 
class pathogens. All material, reagent should comprise safely practice 
or should mitigate the risk of contamination to the technician. Appro-
priate containment levels (anti splash practices, personal protective 
equipment) to be provided in case of (suspected) pathogens such as 
Salmonella Typhi, Brucella spp., Shigella dysenteriae and Burkholderia 
pseudomallei.  

Training / Com-
munication 

 

• All training materials must be provided to allow training by an 
experienced staff (laboratory technician / microbiologist/ MD) as 
well as by self-study. Training materials should consist of easily un-
derstandable standard operating procedures, video, bench aids/job 
aids and should be easily accessible on soft and hard version. 

Laboratory personnel training aim: Being able to use properly the Mini-
Lab and provide results according to specifications set 

• Laboratory personnel should have a minimum of Laboratory 
certificate diploma level after high school (1-2 year diploma). 
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KEY FEATURES DESIRED ACCEPTABLE 

• No experience in bacteriology required. 

• Minimum training should consist of 5 days of theoretical train-
ing and 5 days of practical exercise. 

• Mentorship of one month minimum from an experienced labor-
atory staff with minimum supervision visit every 6-9 months.  

Prescriber training aim /Diagnostic Stewardship: Practitioners should be 
able to understand the added value of the use of Mini-Lab, when to ask 
for analysis and how to interpret the results and best use of them for 
patient treatment. 

• Medical Doctor or Medical officer with General Practitioner 
level. 

• No experience in clinical bacteriology laboratory required. 

• Minimum training should consist of 2.5 days of theoretical train-
ing and 2.5 days of practical exercise. 

• Mentorship of one month minimum from an experienced MD 
with minimum supervision visit every 6-9 months.  

Nurses’ training aim: Nurses should be able to collect samples properly 
in order to mitigate the risk of contamination and provide the best pos-
sible quality and quantity of samples accordingly. 

• Certified nurse or nurse assistants. 

• Experienced in standard phlebotomy 

• Minimum training should consist of 0.5 days of theoretical train-
ing and 1 days of practical exercise. 

• Mentorship of one week minimum from an experienced Nurse 
with minimum close supervision first 2 months and visit every 6 
month  

A standard certificate will be provided to all mentees/trainees that have 
been going through the process of Mini-Lab and a specific register 
should be available to keep a record of trained staff. 

Equipment • To be carried by hand without need for a specific lifting machine  

• All equipment of the Mini-Lab will need to be easily transport-
able from the supply centre to the end- user and from one project 
site to another without a need for a big truck. All the boxes of the 
Mini-Lab should be fit to be transported in a standard Toyota pick-
up (2m length x 0.98m width x 1.5m height) or van. 
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KEY FEATURES DESIRED ACCEPTABLE 

• Total weight < 800 kg; maximum weight per case should be 100 
kg. 
• Volume at transport < 4 m3 

• List of potential minimum equipment:  

• Requiring electricity: Charger/ invertor/ UPS, Incubator, com-
puter, light, safety cabinet Class 2 

• Not requiring electricity: Should incorporate bench tops and all 
the material for administrative work, stools, fire extinguishers, eye 
wash station, first aid kit, fire blanket, etc. 

Power Require-
ments 

• Material requiring electricity should permit a flexible and robust 
connection to available energy supply and should be able to last up 
to 8 hours without external power supply (rechargeable batteries). 
The Mini-Lab should be able to be connected to fluctuant city sup-
ply / generators or solar energy 

• Electrical Requirements: 100-240V 50/60Hz 

• Wattage: Min 150 W, max 500 W 

• Consumption per 24 H: min 1000 Wh, max 5000 Wh 

Waste manage-
ment 

Can require a specific waste man-
agement material using easy and 
accessible system fitting in MSF 
waste management scheme. 

Should not require any specific 
waste management outside of 
the existing one present in MSF 
hospital. 

Reporting • The system must be compatible with the existing MSF HIS sys-
tem requirements with the possibility to capture bacteriology data, 
provide expert system-based information, provide result to practi-
tioners and support bacteriology data analysis for the trend of re-
sistance 

• “Expert” system guiding interpretation and directing the report 
to the clinician (e.g. AST selective reporting). The software should 
be a decision tool and data entry allowing working without access 
to the internet but with an automatic connection to the Internet 
when it is possible in order to upload information on a data server 
in a cloud accessible by specific persons. The system should be able 
to work on PC (windows) environment as well as on the Android 
system. 
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KEY FEATURES DESIRED ACCEPTABLE 

Need for addi-
tional equip-

ment in addition  

None, all equipment, consumables, 
etc. included 

Simple equipment acceptable 

Need for 
mainte-

nance/spare 
parts 

• Only preventive maintenance required and within the compe-
tence of a trained laboratory technician (no requirement for a bio-
engineer technician. 

• All spare parts needed for maintenance and basic repairs (fuse, 
sockets, etc.) as much harmonised as possible, available on site, well 
coded, easy to order and deliverable in a short delay (to be defined 
according to equipment).  

Specimen col-
lection and 

transfer device 

Regular phlebotomy materials, 
complemented by specimen collec-
tion containers (wide mouth, screw 
caps), transport media/materials 
and transfer devices (loops, transfer 
pipettes, etc.). All materials comply-
ing with standard biosafety precau-
tions and in case anti splash prac-
tices (e.g. disposable loops rather 
than metal wired loops and Bunsen 
burner). 

Personal protective equipment in-
cluding gloves, masks, eye protec-
tion and gowns.  

Use of dedicated / specific non-
MSF phlebotomy material specif-
ically fitting with blood cultures 
collection devices, comple-
mented by specimen collection 
containers (wide mouth, screw 
caps), transport media/materials 
and transfer devices (loops, 
transfer pipettes, etc.). All mate-
rials complying with standard bi-
osafety precautions and in case 
anti splash practices (e.g. dispos-
able loops rather than metal 
wired loops and Bunsen burner). 

Personal protective equipment 
including gloves, masks, eye pro-
tection and gowns. 

Development / 
adaptability ca-

pabilities 

The Mini-Lab will be able to accept over time new methods that will 
increase its effectiveness. 

Infrastructure re-
quirement 

• The Mini-Lab must be able to be set up in non-laboratory spe-
cific facility environments. Should just have access to clean water, 
storage facilities in compliance with the above specification and 
separate administration/staff room. Examples: set up under a tent 
or in an existing building with no specific requirements except the 
one found below. 

• Space requirement of a minimum of 10 m² and maximum 20m² 
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KEY FEATURES DESIRED ACCEPTABLE 

• Clean dust-proof room with concrete or washable floor and 
walls 

• Access to clean and chlorinated water (10 Litres per day) 

• Electricity connection (see above specifications) 

• Internet connection through Wireless, LAN or USB 3G/4G key ( 
Upload: min 128 Kbs; download: min 256Kbs) 

COST  

Cost per con-
sumables (e.g. 
cartridges, 

strips,) (for pro-
curement) 

Cost expectation regarding the re-
sponse scenario for patient care: 
Fewer than 7 €/specimens (on posi-
tive sample), average of 5 euros (in-
cluding negative if 20% of positive). 

Other cost scenarios cost should be 
as minimal as possible 

Cost expectation regarding the 
response scenario for patient 
care: Fewer than 10 €/specimens 
(on positive sample), average of  
7 euros (including negative if 
20% of positive). 

Other cost scenario cost should 
be as minimal as possible 

Cost per equip-
ment  

(for procure-
ment)  

Less than 10000 € 

Maintenance cost of < 50 € per tri-
mester, should include preventive 
weekly, monthly and bi yearly grand 
service 

< 15 000 €  

Maintenance cost of < 200 € per 
trimester 
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Scientific Objectives  

This Ph.D. thesis originated from observations after fifteen years of field interven-
tions in LMICs. The central idea of the thesis is the identification and adaptation of 
feasible and affordable techniques for bacteriology in LRS concentrated into standard-
ised quality assured laboratory packages that can be rapidly installed at district level 
hospitals as a door opener, improving access to clinical bacteriology, providing local 
and individual-centric and actionable results for clinicians, thereby improving AMR sur-
veillance and stewardship in LRSs. 

At the start of this Ph.D. research, a “gap analysis” of clinical bacteriology in HICs 
versus LMICs was performed to assess the reasons behind the relative absence of mi-
crobiology facilities in LMICs and to summarise the interventions required to turn the 
situation around and to change the paradigm (section 2 of the bibliography and Annex 
1). For the Mini-Lab to bridge existing bacteriology phenotypic methods to be acces-
sible, affordable, supply management friendly, robust, easy to use, addressing LRS con-
straints highlighted in the gap analysis, a transdisciplinary research approach was 
needed. The Mini-Lab concept does not consist of only analytical methods but includes 
critical laboratory peripherals such as (i) quality management and control, (ii) biosafety 
measures, (iii) training, (iv) transport, (v) equipment maintenance, (vi) deployment, (vii) 
implementation, (viii) activity follow-up and much more. This study will therefore vary 
in focus and will include technology scouting methods; microbiology analytical meth-
ods, biosafety measures, biomedical engineering and bioinformatic methods, instruc-
tional design engineering, identification, adaptation, development and testing, itera-
tion with user centre-based approaches and public health approaches.  

The work presented in this thesis is the result of a collaboration between the Mini-
Lab team of MSF Operational Centre Paris (France), ReSIST INSERM U1184 team from 
the bacteriology laboratory of Bicêtre Teaching Hospital in Kremlin-Bicêtre (France), 
the Institute of Tropical Medicine (ITM) in Antwerp (Belgium), University Teaching La-
boratory Hospital (LHUB-ULB) of Université Libre de Bruxelles (ULB) (Belgium) and 
many other specialists, organisations from different horizons, and all listed in the ac-
knowledgments. The amount of work to develop the Mini-Lab is consequently result 
of a strong team work and collaborations with numerous actors, therefore it would not 
be possible to entirely describe all types of processes and the epistemology of decision 
to achieve this concept. Two Ph.D. students have worked on the project, Dr Sien Om-
belet ITM, as part of her Ph.D. thesis work with ITM and myself as part of my day to day 
work as project chief scientific officer for MSF and Ph.D student with ReSIST INSERM 
U1184 team.  
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Specific research questions and objectives of this Ph.D. thesis are the following: 

Question 1: How can we design and develop a small-scale, stand-alone and 
transportable clinical bacteriology laboratory adapted to LRS constraints? 

The chapter is divided into sections addressing different objectives to answer the 
question: 

• Objective 1: Development of an iterative project process to manage the 
development of a complex concept. The first chapter will include a deep dive 
into the overall processes of the Mini-Lab development describing first the 
overall process based on the gap identification and literature reviews based 
upon technical questions, followed by the development process from 
technology scouting to selection, engagement with partners and suppliers and 
laboratory-based evaluation of some of the analytical components.  

• Objective 2: Development of a platform to protect and transport selected 
equipment for rapid setup. Describes iterative product development 
approach, laboratory workflow analysis used to identify the pathway to 
incorporate CBL complex workflows, biosafety measures into a deployable 
platform. The development and evaluation of the different platform iterations 
from wooden box mock up to final roto moulding plastic developed are 
presented, incorporating the risk mitigation measures highlighted by a biosafety 
risk-based analysis and evaluate them for usability and robustness in control 
environment by expert users. 

• Objective 3: Adaption, simplification, and validations for analytical process 
of blood culture. Processing blood culture bottles to provide actionable results 
to clinicians encompass the use of several systems in the downstream processes, 
the blood culture system (BCB), a subculturing process (SC), a pre-identification 
process (pre-ID), identification (ID) process and antibiotic susceptibility tests 
(AST) process. While the SC process and AST process selection, adaptation and 
evaluation are presented in Chapter 2 and 3, adaptation and evaluation of the 
BCB, and ID processes have been done by Dr Sien Ombelet ITM, as part of her 
Ph.D. thesis work, in this section a narrative review on best practices for 
performing blood culture in low-resource settings, an in vitro comparison of two 
types of manual blood culture bottles against automated blood culture are 
presented. The in vitro evaluation of a bacterial identification process, its 
subsequent adaption for use in the Mini-Lab and other low-resource settings, 
the MicroScan ID (Beckman Coulter, Brea, USA) Dried Overnight Gram-negative 
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and Gram-positive panels are then presented. Both BCB and the ID processes 
were evaluated with the constraints of low-resource settings in mind. 

• Objective 4: Development of an all-in-one Quality Management System: A 
Quality Management System (QMS) is the cornerstone for quality, valid and 
acceptable results. The Mini-Lab has been built around the objective of ensuring 
that the whole process and components meet quality requirements to provide 
accurate results in the absence of an on-site expert microbiologist. An 
integrated QMS was designed following important and relevant 
recommendations of WHO Stepwise Laboratory Improvement Process Towards 
Accreditation criteria (SLIPTA) and ISO 15189. The method used and result of 
the adapted didactic documents, pictograms, user manual, bench aids onsite 
and online training to adequately perform, control, maintain all types of process 
ranging from installation, waste management, biosafety, pre-analytical to post-
analytical are then briefly presented. 

• Objective 5: Development of an expert system to accompany the user 
through results interpretation and results control. The process from the 
culture of bacteria to AST results, in bacteriology, require highly skilled 
personnel. Firstly to orient selection of downstream testing in a dichotomous 
approach which are often error prone and secondly the interpretation of results 
and providing understandable results to clinicians. One of the most complex 
parts of the dichotomous approach is the pre-identification or orientation 
testing, which allows for an orientation to an organism’s group level, due to 
morphology (cocci and rods), staining characteristics (Gram staining), and ability 
to metabolise defined substrates. A probability- based algorithm constructed 
using the probabilities of test results of validation studies done on selected pre-
ID test and a weighted combination of them for each pre-defined group of 
organisms, to give a final most likely orientation is then described. The process 
of developing a microbiology decision support system, embed it into a 
developed-for-purpose Laboratory information system, that incorporates expert 
rules to orient, warn the user and interpret results all along the analytical process 
is then described. 

Research question 2: how can we validate a subculture system, initially developed 
for veterinary and food industries bacteriology, for human blood culture? 

• Objectives 6: adaptation and validation of an innovative technique adapted 
to LRS constraints for the subculture of blood culture bottles. 
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In Chapter 2, we focus on the adaptation and evaluation of the culture media system 
to be incorporated into the Mini-Lab process. Culture media are fundamental to any 
clinical bacteriology laboratory. Conventional culturing methods in clinical laboratories 
generally consist of using agar poured plates or commercially available pre-poured 
ready-to-use agar plates or in-house preparation of agar plates from dehydrated cul-
ture media. All methods have advantage and disadvantages, (e.g. shelf life, cold chain 
requirement, price, additional materials and substrates, quality control, etc.). In this 
chapter, the culture media selection and processing in LMIC is reviewed, best practices 
for in-house preparation are compiled, ways to improve access to quality-assured 
products are discussed and research questions to improve these practices are formu-
lated. In the second part of the chapter the selection process is explored, from the 
market analysis of ready-to-use culture systems (InTray, Biomed diagnostic, USA) orig-
inating from veterinary and food safety microbiology and the performance of several 
proof of principle studies to explore usage as subculturing systems, Blood Cultures 
Bottles (BCB). The analytical performance evaluation of this system on a larger scale to 
confirm the findings of the proof of principles studies is then discussed. 

Research question 3: How can AST methods be adapted to LRS constraints? 

• Objective 7: Adaption and verification of the accuracy of the MicroScan 
MSF Dried Overnight MIC microplate and automated reader 

Determination of the antimicrobial susceptibility patterns of significant bacterial iso-
lates is among the primary responsibilities of the clinical microbiology laboratory. In 
the context in which the Mini-Lab is operated, robust, easy to use, results reproducibil-
ity across laboratories and an AST process in the hands of the “operator” is key. This 
AST process should be easy to read manually or with the use of a simple reading ap-
paratus for accurate and reproducible results. There are many different methodologies 
available for detecting organism resistance to antimicrobials, ranging from disk diffu-
sion (Kirby-Bauer), broth microdilution (both manual and automated), agar dilution, 
and antibiotic gradient methods, all with advantages and disadvantages depending on 
if they are used in high-resourced or in low-resourced settings. In Chapter 3, the selec-
tion, adaptation, and analytical performance verification of three panels of MIC micro 
broth dilutions (Microscan, Beckman Coulter) developed together with Beckman Coul-
ter and the PROMPT system that allows in a simple way to systematize the inoculum 
density, using ISO 20776-2:2007 is described. The selection and in laboratory evalua-
tion of a reading apparatus for the determination of automatic versus manual reading 
performance is then discussed.  
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Research question 4: is the simplified clinical bacteriology laboratory easy to use 
by non-experts and does it provide quality and valuable results to clinicians? 

• Objective 8: Field implementation and evaluation of the ease of use, 
performance of the different Mini-Lab prototype iterations 

Processes, technologies, equipment, etc. developed and tested in control environ-
ments and described in previous chapters were integrated into different iterations of 
the Mini-Lab assembly. To answer the objective of evaluating the usability of the first 
Mini-Lab prototype (V1) on the field, a first pilot study was implemented in an MSF 
burns centre in Haiti where the usability of all components associated together was 
evaluated, using qualitative or semi-quantitative methods to evaluate user experience 
with the material, process, and test through the use of a questionnaire and regular 
interviews. Results were then used to further adapt components and develop a second 
iteration of the prototype (V2). In the second iteration, that incorporated a more ma-
ture, and revised process and near to final specifications, the performance was evalu-
ated in a prospective study, as was usability and utility of results by clinicians, by im-
plementing Mini-Lab V2 at Carnot District Hospital, an MSF supported hospital in Cen-
tral African Republic, a hospital without prior access to a microbiology laboratory. Hos-
pitalized patients who had a blood culture on admission or during hospitalization, and 
who consented to participate in the study were included. Clinical and therapeutic data 
were collected by standardised questionnaires using patient records. Microbiological 
data were extracted from the pseudonymised Mini-Lab database. Bacteria isolated in 
the Mini-Lab were stored and sent to a reference laboratory in France, for confirmation 
by reference methods (MALDI-TOF and reference AST testing). Laboratory technicians 
participated in a regular evaluation of the usability of the Mini-Lab and to determine 
their technical competencies. 

Finally, in the general discussion the finale specifications of the Mini-Lab are 
compared to the original requirements. The main findings and implications for 
integration of adapted clinical bacteriology into clinical practice in LMICs are discussed, 
and strengths and limitations from the development to embedment into clinical care 
are identified and discussed. Finally, as to the different open questions, perspectives 
are provided and new research gap unanswered by this work are highlighted. 

To help the reader better understand my involvement in this thesis work, I would 
like to provide some background information. The original idea for this project 
emerged in 2014 and was further developed in collaboration with Pf Jan Jacobs during 
a GLASS WHO meeting. I was fortunate enough to secure MSF's sponsorship to initiate 
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the project in 2016, and for the first two years, I took on the role of project coordinator 
and scientific lead. During this time, I created the team, identified experts for the 
consortium, found partners, established project management methodologies, and 
coordinated the team's efforts to write specifications, perform market reviews, some of 
which I conducted myself, conceptualise product improvement, laboratory 
performance protocol. 

After recruiting a project manager, I shifted my focus to serving as the Science lead 
expert, working with partners and a team to evaluate different components of the 
project and coordinate field evaluations. Throughout this process, I guided the work, 
reviewed documents, provided scientific and methodological support, and oversaw 
laboratory evaluations of strains from Haiti or Carnot field evaluations. I was also doing 
onsite visit in Haiti and Carnot to supervise the studies and provide support to the 
study coordinators.  

However, I would like to emphasize that I start my PhD in 2019 and for the AST part 
of the project, I was at the forefront from the beginning to the end. Specifically, I was 
responsible for developing and testing the AST microplate, protocol for evaluation at 
Bicêtre laboratory Hospital with laboratory bench level work. Also, i was leading all 
laboratory evaluations of strains from Haiti or Carnot coming back at the reference 
laboratory and doing the work at bench level too. 
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Results 

Chapter 1- How To Design And Develop A Small-Scale, Stand-
Alone And Transportable Clinical Bacteriology Laboratory? 

1. Introduction  

The original concept of the Mini-Lab propose to adapt all the components of a 
standard clinical bacteriology laboratory with the target specifications set in the previ-
ous chapter. As previously mentioned, a laboratory is not only composed of tests, rea-
gents and equipment, it is composed of much more. The concept built around a strong 
Quality Management System (QMS) combine a variety of innovative approaches in the 
field of training, Laboratory Information System (LIS), etc., with the objective of ensur-
ing that the whole process and components meet quality requirements to provide ac-
curate results in the absence of an on-site expert microbiologist.  

In this chapter, section 2 will describe the overall processes of the Mini-Lab govern-
ance, development from technology scouting to selection, engagement with partners 
and suppliers and laboratory-based evaluation of some of the analytical components, 
training development and bring all those elements together to form the Mini-Lab.  

Section 3, will explore the outcome of risk mitigation of damage during transport, 
provide a description of the laboratory bench/shipping container and other safety 
measures, following an iterative work process with a product and industrial designers. 

Section 4 will give a complete overview of the Mini-Lab, the final sample manage-
ment process developed around the different adapted analytical components.  

Section 5 will highlight the work done concerning the QMS for documentation train-
ing and facilitating the work of all personnel involved in the operational life cycle of 
the Mini-Lab.  

Section 6 will be a description of the main pillar of clinical bacteriology simplification, 
the description of one of the components of the Microbiology Decision Support Sys-
tem (MDSS) which is embeded in the Mini-Lab LIMS. This is a major component for 
supporting the interpretation of results and for the laboratory providing actionable 
results to the clinician. This component is a complex part of the MDSS, the pre-ID ex-
pert system will help for a better understanding of the expert system development.  

The work done in the experimentation and/or development process has been de-
scribed in the following peer reviewed articles and conference abstracts: 
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- S. Ombelet, B. Barbé, D. Affolabi, J-B. Ronat, P. Lompo, O. Lunguya, J. Jacobs, L. 
Hardy, “Best Practices of Blood Cultures in Low- and Middle-Income Countries,” 
Front. Med., vol. 6, no. June, 2019, doi: 10.3389/fmed.2019.00131. 

- A. Natale, J-B. Ronat, A. Mazoyer, A. Rochard, B. Boillot, J. Hubert, B. Baillet, M. 
Ducasse, F. Mantelet, S. Oueslati, S. Ombelet, C. Langendorf, T. Naas, O.  Van-
denberg, J. Jacobs, “The Mini-Lab: accessible clinical bacteriology for low-re-
source settings”, The Lancet Microbe, 2020 1,2,e56-e58, 

- S. Ombelet, A. Natale, J.-B. Ronat, O. Vandenberg, L. Hardy, and J. Jacobs, “Eval-
uation of MicroScan Bacterial Identification Panels for Low-Resource Settings,” 
Diagnostics, vol. 11, no. 2, p. 349, Feb. 2021, doi: 10.3390/diagnostics11020349. 

- J-B. Ronat, A. Natale, T. Kesteman, A. Andremont, W. Elamin, L. Hardy, R. Ka-
napathipillai, J. Michel, C. Langendorf, O. Vandenberg, T. Naas,*, F. Kouassi,*; 
“AMR in low-resource settings: Médecins Sans Frontières bridges surveillance 
gaps by developing a turnkey solution, the Mini-Lab,” Clin. Microbiol. Infect., 
vol. 27, no. 10, pp. 1414–1421, 2021, doi: 10.1016/j.cmi.2021.04.015. 

- S. Ombelet , A. Natale, J-B. Ronat, T. Kesteman, O. Vandenberg, J. Jacobs, L. 
Hardy, “Biphasic versus monophasic manual blood culture bottles for low-re-
source settings: an in-vitro study,” The Lancet Microbe, vol. 3, no. 2, pp. e124–
e132, Feb. 2022, doi: 10.1016/S2666-5247(21)00241-X. 

- S. Ombelet, A. Natale, J-B. Ronat, O. Vandenberg, J. Jacobs, and L. Hardy, “Con-
siderations in evaluating equipment-free blood culture bottles: A short protocol 
for use in low-resource settings,” PLoS One, vol. 17, no. 4, p. e0267491, Apr. 
2022, doi: 10.1371/journal.pone.0267491. 

- J-B. Ronat, “Revival of robust manual solutions for sepsis diagnostic and  AMR 
surveillance in low-resource settings: Case study of Médecins Sans Frontières 
Mini-Lab” Oral presentation, Med Lab Congress, June 2021, Dubai. 

- J-B. Ronat. “AMR Diagnostic stewardship in resource-limited laboratories: to-
day’s solutions ,» Oral presentation, European Congress on Clinical Microbi-
ology and Infectious Diseases, June 2021, online. 
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2. Description of the overall development process  

2.1. Project Governance and Project Team 

The project team was composed of one project manager, assigned to manage the 
project with the Scientific Leader. A variety of human resources capacities have been 
utilized during the development process from Médecins Sans Frontières (MSF) as well 
as, from other partners, employed staff on specific topics, according to the develop-
ment phases requirements (microbiologist, project assistant, engineer, instructional de-
signer, etc.). A total number of 20 persons over a period of 6 years have worked as part 
of the project team; they are all acknowledged in the acknowledgement section. This 
work would have not been possible without the internal technical resources of MSF 
such as the MSF Logistic supply centre, legal department, fund-raising department, IT 
department and more. 

Figure 5: Figure presenting the development life cycle of the Mini-Lab project with overall 
phases 
A Steering Committee was set as a governing body of the project to provide strate-

gic leadership and governance oversight. With delegated authority of the medical di-
rectors (Dir Med) platform to make decisions that are in accordance with the objectives, 
approach and scope of the project as set out in the project charter. A chairperson was 
appointed to ensure that Committee functioned properly, there was full participation 
during meetings, all relevant subjects were discussed, and effective discussions were 
made and carried out. For the past 6 years, a total number of 25 people participated to 
the Steering Committee and represented all MSF sections. Participants came from dif-
ferent backgrounds in the medical sectors (e.g. infectious diseases practitioners, med-
ical directors, nurses, Infection Control specialist, etc.). 
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Also, a multi-stakeholder Scientific Committee was set up as an independent exter-
nal body whose function was to provide scientific oversight on behalf of the Steering 
Committee in the design, development, scientific rigour, execution, uptake and pro-

motion of the Mini-Lab project. It has 
acted in an advisory capacity to both 
the project management team and 
the Steering Committee at specified 
intervals to ensure the scientific valid-
ity of the program.  

This committee consisted of re-
nowned academic or non-academic 
experts in Microbiology, AMR surveil-
lance, IVD development, IVD regula-
tions, biomedical engineers, etc. A 
chairperson was assigned to lead the 
group and maintain consistency. A to-
tal number of 22 persons participated 
in this committee over the last 6 years. 

The complete list of persons in-
volved in the Steering and the Scien-
tific Committees can be found in the 
acknowledgement section and we are 
deeply thankful for their involvement 
on a voluntary basis. 
 

Figure 6: Description of the important phases of the Mini-
Lab design and development, MSF 

July 2019 

December 2019 

Development 
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2.2. Defining the methods and proposed improvement 

At the initiation of the project an internal market size analysis was done to, under-
stand/target quantity of Mini-Lab to be produced for MSF and in order to negotiate 

adapted prices with manufacturers. Using 
the target product profile attributes and re-
quirement ranges, and fully understanding 
the type of structure in which the Mini-Lab 
will be utilized and for which patient popu-
lation (diagnoses of bloodstream infections; 
BSI, MSF documents, databases, activity re-
ports), were then searched. This was done 
to estimate the burden of bloodstream in-
fection (BI) among patients seen at In Pa-
tient Department (IPD) level. Few projects 
among MSF operational centres (OCs) had 
the capacity to record or detect the burden 
of BSI, therefore calculations are based 
upon the literature. It was estimated that 
there are several causes of bloodstream-re-
lated co-infection indicators that could sup-
port the understanding of the total burden 
of this disease among MSF treated individ-
uals. Different indicators found in the liter-
ature such as the rate of BSI co-infections 
among malnourished children, among se-
vere malaria cases, neonatal sepsis inci-
dence, etc. [84] [80] [55] [85] [86] from the 
sub-Saharan region were applied. It was es-
timated that between 30 to 50 Mini-Lab 
modules would need to be deployed and 
between 12000 and 20000 blood culture 
bottles (BCB) processed per year, if imple-
mented in all specialised In Patient Depart-
ments (IPD) with the assumption of a full 
deployment scenario on all intended use 

cases. 

Table 2: List of all the market reviews made 
between March 2016 and March 2017 

PNA FISH stain 

Pyrrolidinyl Arylamidase (PYR) 

Ortho-nitrophenyl-β-galactosidase (ONPG) 

Indole 

Voges-Proskauer (VP) 

Blood culture automated system 

Blood culture bottle reader 

Identification systems  

Blood Culture Bottles 

Autoclave 

Incubators 

Coagulase 

Oxidase test 

AST system 

Catalase 

Aminopeptidase test (AMNP) 

Beta-glucuronidase (PGUA) 

Sub-culturing system 

Quality control strains 

Densitometer 

Vortex 

Fridges 

ID and AST reader 

Multi volumes sample transfer system 

Strain storage media 

Temperature regulated Transport box 

Single-use disinfection system 

Blood culture collection kit 

Personal Protective Equipment 

Small consumable for sample transfer 

Zipped sample transport 

Biohazard Spillage kit 

Gram staining 
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A list of priority reagents, 
tests, consumables, equipment 
necessary to perform blood 
culture in a standard clinical 
bacteriology laboratory[87] 
and set specifications to per-
form for each of them a market 
review was then defined. A to-
tal of 34 market reviews (Table 
2) were done with the support 
of MSF logistic technical advi-
sors between early 2017 and 
end of 2018. After each market 
review, results were presented 
to the Scientific Committee 
and brainstorming was done to 
propose improvements and/or 
innovations to the pre-selected 
candidate in each category. 
Short but comprehensive feasi-
bility studies were then done 
on the innovations and im-
provements to be propose to 
the manufacturer. Each innova-
tion and improvement was 
ranked in terms of investments 
and development risk. Only 
ideas with a lower-risk invest-
ment and quick return were 
chosen to be implemented in 
the Mini-Lab. Those criteria for 
selections of improvement fol-
lowed recommendations made 

by K. Culbreath and A. Petti in May 2015[88]. As mentioned earlier, the Mini-Lab con-
cept consists of improving existing techniques but also providing easy means for 
transport and supply chain management (further described in section 3 of this chapter). 
Providing high quality results by a laboratory can be difficult to achieve without the 

Table 3: List of the items classified by the type of 
methodology used after sourcing or adaptation 

Item Type of methodology 
Blood culture bottle reader adaptation and evaluation 

AST system adaptation and evaluation 

Identification system adaptation and evaluation 

Quality control strains adaptation and evaluation 

ID and AST reader adaptation and evaluation 

Blood culture collection kit adaptation and evaluation 

Biohazard Spillage kit adaptation and evaluation 

PNA FISH stain drop down 

Blood culture automated system drop down 

Pyrolidinyl Arylamidase (PYR) sourcing and evaluation 

Ortho-nitrophenyl-β-galactosidase 
(ONPG) sourcing and evaluation 

Indole sourcing and evaluation 

Voges-Proskauer (VP) sourcing and evaluation 

Blood Culture Bottles sourcing and evaluation 

Autoclave sourcing and evaluation 

Incubators sourcing and evaluation 

Coagulase sourcing and evaluation 

Oxidase test sourcing and evaluation 

Catalase sourcing and evaluation 

Aminopeptidase test (AMNP) sourcing and evaluation 

Beta-glucuronidase (PGUA) sourcing and evaluation 

Sub-culturing system sourcing and evaluation 

Densitometer sourcing and evaluation 

Vortex sourcing and evaluation 

Fridges sourcing and evaluation 

Multi volumes sample transfer system sourcing and evaluation 

Strain storage media sourcing and evaluation 

Temperature regulated Transport box sourcing and evaluation 

Single-use disinfection system sourcing and evaluation 

Personal Protective Equipment sourcing and evaluation 

Small consumable for sample transfer sourcing and evaluation 

Zipped sample transport sourcing and evaluation 

Gram staining sourcing and evaluation 
 



 

RESULTS – CHAPTER 1 
 

 

55 
 

presence of Laboratory Information and Management System (LIMS), in section 6 the 
development of one of the main elements of the LIMS that will help non-expert users 
in their daily work, the microbiology decision support system is described. 

2.1. Engagement with Manufacturers and Sourcing 

Out of the 34-market review done, not all necessitated asking the manufacturer for 
product adaptations. Only 7 out of 34 required improvements from the manufacturers. 
The others were sourced using the standard protocol per MSF logistic supply centre. 
For reasons of independence and to reduce potential conflict of interests, a call for 
proposals was launched publicly for 3 out of 6 items where more than one manufac-
turer was using the same initial technology (AST system, ID system, Quality Control) 
with stringent selection criteria applied and then used in negotiations. For two out of 
six remaining products with proposed adaptations, it was decided to assemble them 
internally within MSF, using different sources of items to be included in a kit form (i.e. 
biohazard spillage kit, blood culture collection kit). For one, the blood culture bottle 
reader, no option was found on the market and only one manufacturer had a solution 
approaching our specifications. The manufacturer was contacted directly. For all 
sourced items, specific attention was provided on the legal engagement and contract 
negotiation with the support of MSF legal department. For quality and quantitative 
production requirements, the manufacturer was closely worked with and  manufacturer 
site audits, with the support of an independent auditor, were also performed. 

2.2. Proof of principle, evaluation in controlled environment 

The development of a diagnostic test usually follows a series of phase gates from 
identification of the diagnostic target, optimisation of test reagents, to the develop-
ment of a test prototype that then undergoes a series of evaluations. In addition, pre-
viously CE IVD marking was known to not be as stringent as they should be. This prin-
ciple was applied to the most important items and for some, were the subject of studies 
performed by Sien Ombelet, Ph.D. Specifically Dr. Ombelet performed studies evaluat-
ing the blood culture system, the identification system (ID) and Pre-identification sys-
tem (Pre-ID). Herein, Chapter 2 describes the development and validation of the sub-
culturing system and Chapter 3 describes the development and validation of the AST 
system.  

The laboratory evaluations on adapted items were done using known bacterial 
strains of LMICs origin for testing of reagents as well as the testing of the ability for 
use by non-expert users. For material and biomedical items, testing consisted of 
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making sure that machine turned on or worked when setup and results were consistent 
with expectations when run in a controlled environment mimicking field conditions 
(electrical interruption, temperatures, etc.). Final products are briefly described in sec-
tion 4 of this chapter. 

A total of 14 experiments were done between early 2018 and late 2019 on the dif-
ferent types of reagents by the ReSIST team, INSERM U1184 team and the bacteriology 
laboratory of Bicêtre Teaching Hospital in Kremlin-Bicêtre (France), the Institute of 
Tropical Medicine (ITM) in Antwerp (Belgium), and the University Teaching Laboratory 
Hospital (LHUB-ULB) of Université Libre de Bruxelles (ULB) (Belgium). A complete list 
of laboratory performance evaluations can be found in Annex 8. Most of the equipment 
was tested in February 2019 at LHUB-ULB during a mock exercise where all pieces of 
equipment, reagents, etc. were assembled for the first time to test for usability. The 
process of these evaluations are not fully described in this document. The complete list 
of reagents, equipment and tests can be found in Annex 2.  

2.3. Field performance evaluation 

Testing in the field of the assembled prototype in LMICs against a gold standard in 
order to study the performance characteristics under real conditions and to evaluate 
the ease of use by non-experts and its clinical impact was critical. To independently 
evaluate the first and second prototypes assembled with the different components, at 
different stages of iteration or development, Epicentre research centre (Paris, France) 
was selected to support the conceptualisation of the study protocols and implementa-
tion, considering state-of-the-art field studies recognised guidance. All studies were 
approved by an Ethical Review Board (ERB) following standards as set for any MSF 
study. Two evaluations were done, one in Haiti MSF Burn Centre where the usability of 
the prototype V1 was evaluated between June 2019 and May 2020. A second evalua-
tion was done in Carnot MSF district hospital in Central African Republic for perfor-
mance and usability between September 2021 and May 2022. This work is presented 
and described in Chapter 4 of these documents. 

2.4. Quality Management System, Training materials 

Improving existing techniques, providing an easy means for transport and supply 
chain management, providing an adapted LIMS with integrated decision support sys-
tem does not make a clinical bacteriology laboratory solution easier to use by non-
expert technicians. Technicians need to have access to the best possible adapted train-
ing and teaching methods to facilitate the implementation of the Mini-Lab. As well, 
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having access to understandable, easy to use and comprehensive Standard Operating 
Procedures (SOPs) and designed for purposed bench aids within a comprehensive and 
adapted Quality Management System (QMS) was an essential part of this work. This 
work has been done alongside the development and evaluation of the different ele-
ments constituting the Mini-Lab and its different consolidated V1 and V2 assembled 
prototypes. This work has first started by doing an extensive landscape analysis of ex-
isting training materials and development strategy was then structured to ensure that 
pedagogy objectives set in the Mini-Lab specifications were answered. Different spe-
cialists provided support in the development of documents, training objectives and 
content, such as instructional designers, QMS specialists, etc. This work reflects the col-
lection of multiple experiences and expertise acquired by the Mini-Lab team. 

Results of the development of documents, training, didactic material, etc. synthe-
sized are, presented in section 5 of this Chapter. The documents presented are not 
intended to be exhaustive but are to provide a description of the development process 
not the end content. The end content may be accessed by requesting access to the 
Mini-Lab QMS toolbox and Tembo MSF platform to follow the e-learning training. In 
Annex 17, schematic figures are presented around the final version of the analytical 
workflow, and the main elements of equipment that now composed the Mini-Lab. 

2.5. Production and monitoring. 

One phase often forgotten by manufacturers is monitoring or surveillance after in-
troduction of a product into the market, especially when it comes to knowing the real 
cost benefit of the product and the usage practices by the end users. This will not be 
described in depth in this document but a set of Key Performance Indicators (KPIs) 
(4.5.2 Indicators follow-up Mini-Lab-TLB-V1.2) were defined to support MSF in moni-
toring the cost and impact of the Mini-Lab. Also, the final assembly process has not 
been addressed in this document and has been subcontracted to MSF Logistic supply 
centre in Bordeaux, France. 
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3. Box-Bench platform to protect and transport selected equipment for 
rapid setup 

3.1. Introduction 

The necessity to rapidly deploy a laboratory able to provide microbiology support 
in a humanitarian context has always been present. For example, in response to the 
earthquake that struck Haiti on January 12, 2010, the Israel Defence Forces dispatched 
a rapid-response team intended to establish a 72-bed mobile hospital with bacteriol-
ogy capacity onsite[89]. Deployable field micro-
biology laboratories have gained attention with 
the 2014 Ebola outbreak and the necessity to 
rapidly deploy specialised laboratory units able 
to track the highly contagious virus[90] and 
more recently with the SARS-CoV-2 pan-
demic[91], [92]. The development of portable or 
transportable laboratories has so far been done 
either by integrating existing off the shelf labor-
atory equipment, test devices and methods, 
into shipping containers that have been converted into modern laboratories[91]–[93], 
placed on the back of a truck[94] or for more rapid response within flight cases[90], 
[95]. This type of service is provided by several companies around the world, ranging 
from BSL3 or BSL2 type laboratories. Unfortunately, this approach is costly (between 
150 000 euro to 350 000 euros) and rarely integrates adequate materials, and equip-
ment. From MSF experiences, container laboratories take time to ship and install and 
the cost is an issue. Also, deployable laboratories in flight cases have been designed 
by academic teams and generally only address viral detection with the use of PCR. 
During the Ebola 2014 outbreak, among the 4 laboratories deployed and visited by 
MSF, it was noticed that laboratory benches, one of the key elements to provide safe 
work environments, were replaced by unstable dining tables. 

3.2. Description of the development methodology 

Developing a concept to transport all equipment and to be used as laboratory 
benches within a given space, addressing multiple challenges: (i) the design itself (ii) 
the material and production method, (iii) the number and types of modules necessary 
to provide a safe and adequate working environment and (iv) the space and workflow 
organisation within the laboratory when it has been deployed and is running. 

Figure 7: BSL3 laboratory in a maritime 41-
foot container, IMEBIO (France) 
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With the support of the Innovative Product Conception Laboratory (LCPI) from the 
school of engineering ENSAM (Paris), a standard methodology for product develop-
ment was applied (Figure 8.) This started with defining the life cycle of the product, an 
external functional analysis and requirements for all key functions and attributes. 

During the internal functional analysis process, the usage scenario of the laboratory 
was defined by observing the dif-
ferent steps in an existing clinical 
bacteriology laboratory at Bicêtre 
Hospital and in an MSF laboratory 
in the Ivory Coast. The outcome 
of these observations was dis-
cussed with a focus group of the 
scientific committee and along 
the development of the analytical 

component, specific usage scenarios were tailored for the Mini-Lab. 

After defining core functions and requirements for the concept and usage scenarios, 
several iterative back and forth sessions were done with future users, with the team of 

Figure 9: artist's view on the capacity to transport the Mini-
Lab component on the standard Toyota 4x4, Land Cruiser 
pick-up, STRATE College (France) 

1- Need identification and translation.  
 - Need definition + Benchmarking 
 - Job analysis 
 - Ergonomic analysis 
 - Aesthetic study 
 - External Functional Analysis 
 - Creativity Session 
2 – Product definition.  
 - Research for product architecture and technical solutions 
 - Internal Functional Analysis 
 - CAD Design / Sizing and components selection 
 - Technical and financial Analysis 
3 – Product validation.  
 - Functional model design 
 - Laboratory test 
 - Usability Test 
 - Validation 
 - Design of two prototypes 
 - On site test 
 - Validation and product folder formalisation 

Figure 8 : Standard methodology pathway description used by the LCPI for product 
development. 
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ENSAM proposing several concepts and collecting feedback to fine-tune the final con-
cept. 

Mock up wooden box benches were then 
constructed and installed into a room to 
simulate the deployed laboratory (Figure 10 
and 11). After several iterative meetings with 
the scientific committee and future users, 
feedback was integrated to adapt the con-
cept, the module organisation, workspace 
and much more.  

The mock-up phase then progressed to a 
prototype phase where the engineers of EN-
SAM and Mini-Lab, with support of several 
small size manufacturer, developed iterative prototypes composed of different materi-
als (plastic sheet boiler making assembly, phenolic plywood, fiber glass with resin). Each 
of the prototypes was installed and tested in the field (described in Chapter 4) and user 
feedback was collected for continuous improvements. All types of material used did 
not comply with the criteria set in the external function analysis. With the support of a 
specialist in roto moulding technology (Philippe Vigouroux, 
ID Roto Solution, France) the concept was further adapted 
for the complexity of a roto moulding process. After an open 
request for quotation, a final selection and engagement into 
a production workflow was made (Rototec, Saint-Malo, 
France). This workflow started, (i) by selecting the manufac-
turer able to create the adequate aluminium mould able to 
address all constraints, (ii) test industrial pre-series to adjust 
all parameters of the roto moulding machinery, (iii) produce 
the first batch, and (iv) incorporate the box-bench produc-
tion mechanism into the final assembly procedures with 
MSF logistic.  

Nous ne pouvons pas afficher l’image.

Figure 10: Creativity session at ENSAM 
laboratory with members of the scientific 
committee to tailor the laboratory workflow 
per modules, Mini-Lab (France) 

Figure 11: Test of the 
wooden mock up box bench 
at MSF logistique in 
Bordeaux (France) with 
logisticians, Mini-Lab 
(France) 
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3.3. Description of the final product  

Figure 12 represents the Mini-Lab life cycle from a design, development, and pro-
duction perspective with seven main phases. It provides the different important phases 

that were used to initiate the description of the external function or attributes present 
in Table 5. In total 35 key functions or attributes were set to develop the Mini-Lab box 
benches. 

Table 4: Description of the principal function and functions of the Mini-Lab Box-bench taking into 
consideration the different phases of the Mini-Lab production life cycle 

Principal Functions Functions 

Allow operators to as-
semble the kit 

Must be packaged with standard tools and machines at MSF logistics 

Be easily located in stock and routed to the place of assembly 

Meet packaging standards 

Be easy to condition, in the right order (comprehension / ergo / readability)  

Protect Mini-Lab subassemblies 

Be stored alongside/above/underneath other products, without damage 

Figure 12: Life cycle of the Mini-Lab from a production point of view, LCPI (France). 

Conception 

Manufacture 

Reception 

Assembly 

Storage 

Shipment 

Installation 

Usage 

Disassembly 
verification 

End of life 
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Protect Mini-Lab ele-
ments 

Do not hinder the movement of handlers, allow them to identify the products inside the Box-
bench 

Do not exceed a floor area corresponding to the size of a pallet 

Be stored on the ground 

Resist external climatic aggression and physical aggression 

Contain all Mini-Lab elements 

Be easily locatable at the place of storage 

Be transported from the 
place of arrival  

Be easily locatable and identifiable by handlers 

Be easy to load, unload by 4 people maximum 

Can be transported by handling machines, have an external volume corresponding to a 
transport pallet 

Fit at least into an MSF 4x4, not be too heavy 

Resist climatic aggression and physical aggression  

Be stable once charged, not be too heavy, have a well-distributed mass 

Comply with transport standards, air, ground 

Be easy locatable from start to finish 

Allow users to install the 
Mini-Lab in its environ-
ment 

Be able to handle with standard handling machines and tools, use as few tools as possible 
during assembly 

Integrate into the environment (inhabitants - existing structures, etc.) - Have a suitable envi-
ronment 

Connect to existing networks, clean water, dirty water, electricity, internet  

Resist climatic aggression and physical aggression 

Make installation and assembly instinctive for users, be intelligible by any type of user re-
gardless of language 

Provide safe and intuitive work environment 

Allow users to process 
samples 

Meet the operating standards of a laboratory 

Be transformed into a standard, flat, robust laboratory bench / workstation with adequate 
lighting 

Be easily cleanable, be easily maintainable, removable 

Integrate electricity circuit protection 

Enable proper waste sorting and management  

Protect samples from possible airborne contamination 

Resisting climatic and physical aggression  

Facilitate the movement of users, facilitate use  

Do not damage samples 

Allow users to disassem-
ble and check the work-
ing status of Mini-Lab el-
ements 

Be able to handle with standard handling machines and tools, use as few tools as possible 
when dismantling 

Restoring a healthy environment 

Resist climatic aggression and physical aggression 

Make disassembly and verification instinctive for users, be intelligible by any type of user 
regardless of language, traceability, check list check 

Contain items that have been cleaned, decontaminated and ready for reuse 

Respect the environment 

Allow easy and intuitive disassembly with as few tools as possible 

Not be dangerous to the operator 
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Allow the user to dis-
mantle the different 
parts of the Mini-Lab 

Be able to reuse all or part of the different elements of the minilab 

Planning for good waste management 

 

In this part of the document, the final product as of December 2022 is described. 
The different iterations are presented in Chapter 4 as part of the prototype evolution 
description for the first pilot study in Haiti and the second pilot in the Central African 
Republic. Complete scenarios of usage, especially one related to sample management 
and processing is synthetised in the figure 13 and described in this chapter as part of 
the analytical workflow description. A complete sample management workflow as dia-
gram is presented in Figure 31. Other scenarios of usage related to installation, waste 
management, etc. are not described in this document but can be found in the QMS 
Mini-Lab toolbox. 

 

Figure 13: Highlight of the scenario of usage regarding the sample processing part of the laboratory 
workflow, Mini-Lab (France) 
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Figure 14: Poster developed for the MSF General Assembly, 2022, highlighting the results of the Mini-
Lab box-bench development, Mini-Lab (France) 

Modular and adaptable 
box bench 
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The final box-bench design, and a few features are described in Figure 14 as a poster. 

A detailled 3D modelling is presented in Figure 15 for the box-bench in open and 

closed positions. The outer size of the box is 75 cm in length, 120 cm in width and 70 
cm in height. It provides a total usable volume of stock of 350L. When the box-bench 
is closed (Figure 15 A), the box is composed of, (1) several built in handles on the four 
sides to allow easy lifting, (2) on two sides specific built 
in bulges allow for the insertion of instructions for use 
(IFUs) or administrative documents for customs clear-
ance, (3) specific connection sockets for electricity, (4) 
specific flat surface size to accommodate identification 
stickers, (5) built in butterfly locks to maintain box clo-
sure, and (6) each box can be mounted on another one 
and maintain stability due to specific design forms. (B) 
When the box-bench is open and in a bench format 
(Figures 15 B and 16), it is composed of, (1) a flat bench 
surface of 100 cm length, 65 cm width, (2) an inte-
grated electrical wall multi-socket and two adjustable  
spot lights, (3) on the upper shelf two sets of mounting 
rails to accommodate storage boxes or to be trans-
formed into standard shelve, (4) shelves to accommo-
date further storage capacity, (5) adjustable and stable 
feet, and (6) circuit protector box.  

Figure 15: 3D modelling of the (A) Box-bench in close position and (B) in open position ready to 
provide adequate space for laboratory workers, Mini-Lab (France) 

Figure 16: Photo of the Box-bench 
roto moulding pre-series test, Mini-
Lab (France) 

(A)                                                                 (B) 



 

RESULTS – CHAPTER 1 
 

 

66 
 

The Mini-Lab is composed of 6 Box-
bench modules with each having a specific 
purpose (Figure 17). The Administrative 
Module (1) allows for the reception of spec-
imens and samples, check conformity, rec-
ords, print identification and barcode la-
bels, filling of medical and specimen rec-
ords, quality controls log and all other ad-
ministrative functions. Hygiene and Secu-
rity Module (2) allows the technician to per-
form the Gram stain, provides security ele-
ments (eye shower, extinguishers, etc.), 
preparation of benchtop cleaning solutions 
and of sampling kits. The Sample Pro-
cessing Module (3) provides adequate 
workspace to process and test specimens 
and samples. The Incubation Module (4) al-
lows for the incubation of blood cultures 
bottles (BCB), reading of the BCB, incuba-

tion of subculture plates, storing of the ID and AST systems and provides a space to 
store samples for retention. Reading and Interpretation Module (5) allows for the read-
ing of Gram-stained slides under the microscope, utilize reagents for ID and read and 
record results of the ID and AST systems. Waste Management Module (6) provides a 
workspace for waste management and disposal and preparation of distilled water. 

 

 

 

 

 

 

 

 

 

 
 Figure 18: Photo of the different modules when installed. Modules are presented from module 1 

to module 6 from top left to right, Mini-Lab (France). 

Figure 17: Schema of the Mini-Lab modules 
identifications and functions, Mini-Lab (France) 
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Regarding deployment of the modules and space organisation, during the past 4 
years adjustments of modules within the space of the 20 m2 room we were offered to 
deploy the Mini-Lab have been tried. The concept was proven to be versatile but only 
under the following constraints to meet safety requirements. Whether the room is 
square, rectangular, or L-shaped, it is important in the arrangement of the modules 
with respect to the following rules: 

• Module 1 must always be close to the door where the specimen or samples and 
staff will enter. 

• Modules 2 and 6 must be close to each other and near the sink. If this is not possi-
ble, the sink must be placed at the entrance of the technical part of the laboratory. 

• Modules 3,4,5 must be close to each other. 

• If the passage space between the modules is less than 2 m, it is important to avoid 
having face-to-face modules where laboratory technicians sit and spend most of 
their time (modules 1, 3, 5). 

• Module 6: If the laboratory has two doors, the module for waste management must 
be placed close to a door that gives direct access to the outside and where person-
nel and samples will not pass, except hygienists to recover waste. If the room con-
sists of only one door, it is advisable to place module 6 after administrative module 
1 and before having access to the technical area consisting of modules 3, 4 and 5. 

A complete description of the final product features, specification can be found in 
Annex 18. The table provides a comparison to the original target product profile of the 
Mini-Lab and the proposed layout for deployment is shown as an example in Figure 
19.  

 
Figure 19: Configuration layout extracted from the document DOC-2.1-AMENAG, Mini-Lab (France) 

CONFIGURATION: Long-term construction, 
rectangular, 2 rooms, 2 doors 

SURFACE : 21m² DIMENSSIONS: 3 x 7 m 

Legend 

 

 

 

Nous ne pouvons pas afficher l’image.

Nous ne pouvons pas afficher l’image.
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4. Adaptation, Simplification and Validation of the Analytical Process  

4.1. Analytical process description 

A simplified description of the analytical workflow is presented in Figure 20 and 
briefly described below. The main components of this analytical workflow will then be 
described followed by a synthesis of laboratory validation study’s results. A summary 
of all validation studies can be found in Annex 8. 

The Mini-Lab specimen/sample workup is developed around five main analytical 
components: (i) the blood culture bottle (BCB), (ii) a subculturing system (SCS), (iii) a 
pre-identification system (pre-ID), (iv) Identification (ID) system and (v) antibiotic sus-
ceptibility tests (AST). Individually all these components have received international 
certifications (CE-IVD or USA Food and Drug Agency, FDA clearance),however further 
analytical validation in collaborating centres in Europe[96]–[101], and evaluation in clin-
ical settings were performed (see Chapter 4). 

The process is initiated when specimens/samples are received in the laboratory (D0), 
specimens/samples are checked for nonconformity, registered on the LIMS and a 
unique identifier is provided to the specimen/sample which is then prepared for incu-
bation by inoculating a blood culture bottle, the agar side is then placed in a down 
position, to flood the solid phase with broth for 15 minutes. Bottles are incubated at 
35°C +/-1°C for seven days and visually inspected, using the BCB light box, which is 
performed twice daily, on days D1 and D2 and once a day after. The second day (D1) 
blind subcultures are performed on chocolate agar as per procedure on negative BCB. 
For positive BCB subcultures are performed on both chocolate and Colorex agar as well 
as a Gram stain. If the Gram staining yields Gram-positive cocci as a result, a coagulase 
test is performed on the culture broth and then on the day after on colonies to confirm 
positivity for S. aureus. The Mini-LIMS will automatically orient the user on the type of 
testing to be performed. The same is repeated, on the following days as BCBs become 
positive. Negative BCBs are re-incubated for a maximum of 6 days, subcultures for max 
48h).  

On the second day (D2), growth on agar, provides colonies to rapidly orient the 
clinician in their treatment decisions, a subset of the culture is then used (Gram stain, 
aminopeptidase, catalase, coagulase, oxidase, indole) to determine phenotypic charac-
teristics of the bacteria. Results of these tests, plus additional information on the type 
of growth provided by the bacteria on agar (chromogenic, colony type, presence of 
gas in BCB, type of growth in BCB, etc.) is entered in the Mini-LIMS which includes a 
probabilistic based algorithm that will interpret the result and provide bacterial groups, 
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family, genus orientation to the practitioner and for the technician downstream iden-
tification (ID) and Antibiotic Susceptibility Testing (AST) procedures. 

On the third day (D3), ID and AST panels will be read using the Assisted Reading 
System, composed of a camera and a viewer box, connected to the Mini-LIMS. This 
system guides the user in defining the positivity or negativity of reactions on the ID 
panel wells and determining the Minimal Inhibitory Concentration from the AST panel. 
The information collected is then interpreted with biotype database of the manufac-
turer for identification and EUCAST or CLSI AST clinical breakpoints (R/I/S). Identifica-
tion and AST results are then confirmed and the interpretation provided to the clinician. 
In addition, the Mini-LIMS will warn the technician in case of errors and provide alerts 
for IPC in case of important resistance. At each stage, the results are communicated to 
the clinicians (indicated as a report in the Figure 20). Samples are retained for seven 
days prior to destruction and bacterial isolates are kept for 6 months at -20°C in brain-
heart glycerol broth for quality control or to be referred to National Public Health La-
boratory for second line testing or surveillance purpose. 

 
Figure 20 : Scheme of the analytical workflow in the Mini-Lab. Description of analytical components and 
overview of performance, Mini-Lab (France) 

4.1.1.1. Blood culture bottles (BCB) 

The blood culture system of the Mini-Lab is composed of a biphasic bottle (Autobio 
Diagnostics, China) containing both liquid and solid culture media to allow the growth 
of aerobic bacteria (Figure 21). The bottle is incubated at 35°C in a static incubator and 
bacterial growth is detected visually with the help of a modified Rhesuscope light box 
(The Rhesuscope is a device used for the reading of rhesus factors and is composed of 
an opaline reading plates), increasing the visibility of growth in the BCB. 
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The Autobio blood culture bottle was tested in a comparative 
evaluation study against the BacT/ALERT (bioMerieux, France) BCB 
with the BacT/ALERT in both automated and manual mode. In the 
study, BCBs were inoculated with human blood and spiked with clin-
ical bacterial isolates from LRS[97]. The Autobio bottle showed a re-
covery rate (yield) of 95.9% of all inoculated BCBs, compared to 
95.5% of manual BacT/ALERT, and 96.1% of automated 
BacT/ALERT[97].  

The study also showed that 90.7% of all the recovered Autobio 
bottles were positive at Day1 (24h after incubation) and 100% at 
Day2, compared to 75.0% at Day1 and 97.6% at Day2 for the 
BacT/ALERT manual bottles, showing a media performance of Auto-
bio comparable to that of the BacT/ALERT. In addition, it was also 
easier to visualize growth in the Autobio BCBs[97]. 

4.1.1.2. Sub-culturing system 

The system chosen for subculturing (described in Chapter 2), 
is a ready-to-use agar plate in a miniaturised sealed cassette (6 
cm diameter), for the culture of aerobic organisms transferred 
directly from the BCBs: the InTray® cassettes (Biomed Diagnos-
tics Inc, OR, United States).  

Different InTray media formulations were tested with BCBs 
samples. Based upon the data generated MH chocolate agar and 
a chromogenic media (Colorex Screen) were chosen for routine 
use in the Mini-Lab (Figure 22)[99]. Within the Mini-Lab a colour 
specific atlas of different types of bacterial growth is available 
through the LIMS. Pictures can be selected by the technicians 
and compared with the picture taken from the camera attached 
to the microscope. 

These two agar formulations were then further tested in par-
allel with standard agar media (PolyViteX, bioMerieux and 
UriSelect™4, Bio-Rad, respectively), using positive blood culture 
bottles directly from clinical routine (BacT/ALERT, bioMerieux), 

and simulated multi-microbial infections prepared using frozen strains from low-re-
source settings and inoculated into bi-phasic BCBs. 

Figure 22: Artist 
drawing of InTray 
Chocolate agar being 
inoculated with loop on 
top, photo of a closed 
InTray cassette on 
bottom, Mini-Lab 
(France) 

Figure 21: Biphasic 
blood culture bottle, 
Autobio diagnostic, 
China, Mini-Lab 
(France) 
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Out of 70 positive clinical BCBs sub-cultured (n=65 adults and n=5 paediatrics), In-
Tray MH chocolate agar showed growth in 97% (n=68) with 100% agreement with 
standard media. Time to detection (TTD) was <20h in 97% of positives. Detection of 
multi-microbial cultures was 94.4% on Colorex™ Screen and 88.9% of Müller-Hinton 
(MH) chocolate agar, out of a total of 99 simulated mixed cultures[99]. 

4.1.1.3. Pre-Identification system (pre-ID) 

The pre-identification system allows for an initial identification 
of an organism’s group level. Due to the morphology (cocci and 
rods) of bacteria, staining characteristics (Gram reaction), and the 
reaction to L-alanine aminopeptidase, oxidase and catalase tests 
(Figure 23), microorganisms can be grouped into Gram positives or 
Gram negatives and further characterised to group level with the 
support of a probability-based algorithm.  

The algorithm developed was constructed using the probabili-
ties of test results from validation studies and a weighted combi-
nation for each pre-defined group of organisms, to give a final 
most likely grouped based probability. In the Mini-Lab, the Pre-ID 
system is composed of 5 tests: Gram staining (Gram-hucker stain, 
RAL, France), aminopeptidase (Gram Test Stick, Liofilchem, Italy), 
coagulase (Coagulase Plasma Lyophilised, Oxoid, UK), oxidase (Ox-

idase Test Swab, Hardy Diagnostics, USA), and catalase (Catalase reagent dropper, Li-
ofilchem, Italy). 

The evaluation study was performed in parallel with the blood culture evaluation 
study, however, results were not published, where single test results were evaluated 
against expected results of the known pathogens inoculated. Results showed 86% ac-
curacy for morphology recognition and 96.8% for correct Gram classification when us-
ing Gram staining. Aminopeptidase showed 85% overall accuracy in Gram classification 
with a higher performance for some groups of organisms (e.g.. Enterobacterales, 100% 
vs Gram stain 95%, Gram-positive rod 100% vs 66.7%).  

The oxidase and catalase tests showed overall, 93% and 84% accuracy, respectively. 
The coagulase test, for rapid distinction of Staphylococcus aureus versus coagulase-
negative Staphylococcus species, did not undergo a full validation but was tested dur-
ing the first field pilot in Haiti, showing 45% sensitivity and 100% specificity when used 
directly on blood culture broth, and 92% sensitivity and 90% specificity on cultures on 
solid media. Final characterisation of the isolated organism at the group level by the 

Figure 23: Artist 
drawing of the pre-
ID testing steps 
(Gram straining, 
aminopeptidase, 
catalase, oxidase), 
Mini-Lab (France) 
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combination of the Pre-ID tests was evaluated in the field pilot 1, showing a 98% agree-
ment with final identification performed by a reference laboratory. 

4.1.1.4. Identification (ID) system 

The ID system allows identification of organisms at 
the species level to provide more accurate information 
for treatment and surveillance. A customised panel for 
MSF, called “MSF Neg/Pos ID Panel Type 2” (Beckman 
Coulter, US, ref C38213) was specially designed using 
MicroScan technology as the foundation. It consisted 
of a dried formulation of reagents for longer shelf life 
(12 months) and storage at room temperature. The 
panel (also called “dual”) combines the commercially 
available identification panels for Gram-negative and 
Gram-positive organisms on one single microplate 
(Figure 24) and is further described by Ombelet et al. 
in a recent article[100]. The ID panel was further tested 
in a validation study using clinical isolates from LRS. 

The final identification obtained was evaluated against identification by standard meth-
ods (MALDI-TOF), at genera and species level[100].  

The results of this study showed excellent performance of the Gram-negative panel, 
with 94.9% of isolates correctly identified to the species level, in line with several pre-
vious studies evaluating the MicroScan panels[100]. The Gram-positive panel had a 
lower performance with 85.9% of tested isolates correctly identified to species level. 
This was again in line with other published studies for Staphylococcus and Enterococ-
cus species. For a more detailed description of this study and the results, refer to the 
published article [100]. Another limitation of this Dual ID panel is the incapacity to 
identify Neisseria.spp and Haemophilus influenzae, agglutination test Pastorex (Biorad, 
UK) was then incorporated in the ID algorithm the identification of Neisseria meningit-
idis (group A,B,C, Y/W135), Haemophilus influenzae type b, Streptococcus pneu-
moniae, and Streptococcus group B. This is a test already well evaluated by MSF and 
colleagues in the field[102]–[104]. 

4.1.1.5. Antibiotic Susceptibility Testing (AST) 

The AST system, described in Chapter 3, is an essential and innovative component 
of the Mini-Lab, developed in collaboration with Beckman Coulter® (West Sacramento, 
California, USA). The test is based on the determination of the minimum inhibitory 

Figure 24: MSF Neg/Pos ID Panel 
type 2 and Pastorex latex kit, Mini-
Lab (France) 
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concentration (MIC) for the determination of resistance and susceptibility patterns of 
pathogens; it is based on both EUCAST and CLSI breakpoints.  

Beckman Coulter developed together with MSF, three AST panels, MicroScan MSF 
Gram Negative (ref C32699), Dried Overnight Gram Positive (ref C32698), and Fastidi-
ous (ref C32670) panels (Figure 25), using the same technology described for the ID 
panel. Each was designed specifically to include all antibiotics of interest for clinical and 
surveillance purposes in LRS settings and as required by the GLASS initiative[101]. 

An evaluation study was performed on these panels to ver-
ify their performance using organisms from LRSs as well as 
challenging organisms as determined by members of the Sci-
entific Committee. In the study, the accuracy of the final inter-
pretation (Resistant, Susceptible or Intermediate / Susceptible 
Increased exposure) was evaluated versus methods as pro-
posed by EUCAST (e.g. disk diffusion method, etc.), and apply-
ing EUCAST breakpoints for interpretation. Acceptance crite-
ria, definitions of essential and categorical agreement, plus 
classification of errors into Minor (MIN), Major (MAJ) and Very 
Major (VMJ) followed ISO 20776-2:2007. The results of this 
study showed:  

- Gram positive panel: overall categorical agreement (CA) was 
>90% for all organisms/antibiotic combinations and VMJ were 
≤3% for all antibiotics except for fosfomycin/Staphylococcus 
spp. and Enterococcus spp./quinupristin-dalfopristin combi-
nations[101].  

- Gram-negative panel: overall CA was >90% for all mole-
cules/ organism combinations and VMJ were ≤ 3% for all mol-

ecules/ organism combinations[101].  

- Fastidious panel: overall CA was > 90% and VMJ was ≤ 3% for all molecules/ 
organism combinations[101]. 

  

Figure 25: MSF Microscan 
AST panels (see further 
description in Chapter 3), 
Mini-Lab (France) 
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5. Quality Management System 

As previously described, the Mini-Lab concept is the interleaving of different layers 
of adapted-, optimised-components, processes and usage scenarios. To ensure that 
this complex puzzle met quality requirements to ensure that accurate results in the 
absence of an on-site expert microbiologist were provided and to provide standardi-
sation of processes and procedures to end-users (within MSF operations), a robust and 
comprehensive Quality Management System (QMS) was necessary. The integrated 
QMS was designed following relevant recommendations from the WHO Stepwise La-
boratory Improvement Process Towards Accreditation criteria3 (SLIPTA) and ISO 15189. 
It was also designed to address the 12 pillars of the Quality System Essential structure 
developed as outlined by CLSI for WHO[105]. Usually a QMS for a standard medical 
laboratory only applies when the laboratory is installed, as the Mini-Lab is a deployable 
laboratory, the Mini-Lab QMS takes into account the “operational life cycle” of the 
Mini-Lab as described in Erreur ! Source du renvoi introuvable. 

The Mini-Lab QMS is accessible from an MSF SharePoint platform (Microsoft Inc, 
Redmond, Washington, USA) within the QMS Mini-Lab tool box, referred as tool box 
(Figure 26), accessible upon demand at this address https://msfintl.share-
point.com/sites/GRP-PAR-MINILAB2 . The Mini-Lab SharePoint platform gives access 
to the Mini-Lab e-learning courses on the MSF Tembo platform and to the LIMS sand-
box (access to a test server). 

 
Figure 26: Snapshot of the QMS Mini-Lab Tool Box structure as available, snapshot taken on the 03rd  
February 2022, Mini-Lab (France) 

 
3 https://www.who.int/tb/laboratory/afro-slipta-checklist-guidance.pdf 
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The tool box is composed of nineteen 
folders, all embedding documents, didactic 
material, training, IT tools, etc. that are nec-
essary for all actors intervening in the oper-
ational life cycle of the Mini-Lab. Also clas-
sification is done per type of activity, spe-
cific features on the SharePoint allow some 
staff to be directly guided to useful docu-
ments to perform the activities required 
(e.g. water and sanitation specialist, deci-
sion makers at the headquarters, pharma-
cist, etc.). 

As an example medical supply managers, 
also referred to as pharmacists in the field, 
are generally involved in different aspects, 
during the preparation phase with the or-
dering of supplies, custom clearance, pre-
paring the storing space at the central 
pharmacy, etc. During installation and rou-
tine phases they can be involved with pro-
curement of reagents and consumables, 
implementation of the stock management, 
and in charge of destroying expired rea-
gents.  

Also, for some personnel such as the mi-
crobiologist involved in the implementa-
tion (Mini-Lab implementer), or the on-site 
manager, they can access a ready to use 
check list with proposed sequencing timing 
for multiple phase-based actions (Figure 
27). 

5.1.1. Facilities and safety  

As the Mini-Lab has been developed to 
be used by trained technicians but non-ex-
perts in microbiology, it was conceived with 
an objective to minimise and mitigate risk. 

Figure 19: Operational Life cycle of the Mini-
Lab installation on MSF fields. This life cycle
does not take into account the production
cycle.

Figure 27: Operational Life cycle of the Mini-
Lab installation on MSF fields. This life cycle 
does not take into account the production 
cycle, Mini-Lab (France). 
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A complete risk analysis was done, using WHO guidance[106], identifying five risks (bi-
ological, fire, chemicals, ergonomic and electrical) and different probabilities of occur-
rence. As described previously, safety has been one of the main development focuses 
for the “box-benches”, potential risks identified were mitigated with embeded safety 
equipment for electric, fire, biological, ergonomic risk mitigation (extinguishers, eye 
shower, etc.). Biological risk is mitigated by workflow measures, by the choice of tech-
niques (sealed transfer system from identified hazardous steps), upstream equipment, 
by wearing of PPE, by the information and training of staff as well as by the mainte-
nance and cleaning of the laboratory and equipment as well as good waste manage-
ment. Ergonomic risk of accident and spillage have been reduced through the use of 
specific furniture and collective protective equipment (e.g. rack to transport slides, re-
moval of the sharp edge of equipment, etc.). Specific modules for 1 day on site training 
and e-learning have been developed concerning hygiene, security and safety, with case 
studies, simulations for the use of safety equipment (e.g. extinguisher, spillage kit, etc.), 
emergency management and first aid. Also, laboratory design and spatial organisation 
has been addressed by the development of standard recommendations for the room 
space for deployment of the Mini-Lab, and with the provision of several installation 
scenarios based on the physical aspects of premises and rooms. Also a specific program 
for waste management and maintenance of the Mini-Lab has been developed from the 
segregation solid biohazard waste to the waste treatment plant of the hospital (specific 
recommendations). Procedures have been developed for the laboratory staff and the 
site hygienist. Also, a treatment plan has been provided for the safe handling of and 
disposal of expired reagents using available equipment in the field (i.e. high tempera-
tures incinerator, co-processed incineration), all based on experimentation and experi-
ence in the field. 

5.1.2. Equipment  

All equipment was selected based on safety, low maintenance requirements, and 
robustness in tropical conditions where power outages, dust, humidity, and other chal-
lenges are common. For example, the incubators developed with Global Goods and JP 
Selecta can withstand a 12-hour electricity cut without having the internal temperature 
fluctuating within 1°C of the set temperature. The autoclave from Tuttnauer has an 
embeded automatically defined cycle for waste sterilisation with safety measures to 
secure the door when electricity is cut. Installation, calibration, equipment setup, usage, 
preventive and corrective maintenance procedures are available. In addition, mainte-
nance plans and troubleshooting FAQs are provided with the Mini-Lab. All documents 
are available for troubleshooting, service, repair and retirement of equipment, 
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equipment maintenance and are accessible for the onsite biomedical engineer team 
which is in charge of curative maintenance. Several check list and log books are also 
available to track equipment maintenance and to ease the daily workload of the labor-
atory personnel concerning daily preventive maintenance. 

5.1.3. Purchasing and inventory  

The Mini-Lab concept simplified the logistics concerning reagents and consumables, 
by first reducing the number of reagents and labware required. Secondly, the number 
of reagents requiring cold chain has been reduced and most of the tests can be stored 
at 25°C or controlled ambient temperatures.  

Reagents are supplied in a kit form or are predefined on the order form, this embeds 
all necessary consumables required to process a predefined number of blood cultures. 
Inventory management is done using the MSF “Easystock” information system or with 
dedicated excel based tools. Forms, logs, receipts and storage of supplies, monitoring 
of inventory are all addressed within specific SOPs or sections of the tool box. Also 
several check lists are available for the inventory and stock management programs. 
Implementing a laboratory in a remote area requires strong supply chain management; 
MSF is known to have effective supply chain management for medical items. However, 
supply chain management related to a clinical bacteriology laboratory is relatively new 
to MSF and field workers. A set of documents has been made available for the supply 
management teams to explain the specification of the different reagents, as well as 
trouble-shooting documents that embed lessons learned from past deployment. 

5.1.4. Process control—sample management  

Sample management has been partly ad-
dressed in section 4. All aspects, from collec-
tion, preservation, sample processing, sample 
storage, retention, disposal, and sample 
transport have been addressed within simple 
and clear SOPs. Bench aids are also available 
and have been compiled into a laboratory 
handbook. Multiple colour atlases are available 
containing a collection of pictures taken for the 
expected results (Gram stain, colony morphol-
ogy, etc.). For reading of ID and AST plates, sev-
eral bench aids with colour guided interpreta-
tion are also provided. 

Figure 28: Laboratory technician in Carnot 
MSF performing routine testing under 
supervision of a trainer microbiologist, 
October 2021, Mini-Lab (France) 
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5.1.5. Process control—quality control / Occurrence management / Pro-
cess improvement  

Internal Quality Controls (IQC) allow for the detection of systematic as well as ran-
dom errors, and aid in the identification of invalid and non-acceptable results. In the 
Mini-Lab, twelve standardised bacterial ATCC (American Type Culture Collection) 
strains, have been chosen for either routine or test/specific quality controls and a trou-
bleshooting FAQ document is available to guide users if nonconformity in QC is occur-
ring. Three kits of ATCC strains were developed with Microbiologics, Inc (St. Cloud, 
Minnesota, USA) based on the KWIK-STIK™ technology. The first two kits are composed 
of 12 ATCC strains advised by EUCAST and the third kit is composed of a few other 
ATCC strains for training purposes (contaminants mainly). All QC strains have been val-
idated with 20 repetitions on each of the reagents to calculate the standard deviations 
for the quantitative methods (MIC) and standard growth behaviour. All information is 
made available by strain on a QC Strain Identification sheet (see 8.1.1 QC Strain Iden-
tification Sheet EUCAST V11-DOC-V2.2 or Annex 5) and in the database of the QC fol-
low-up tools. SOP (8.1 Internal Quality Control-SOP-V1.1) describes all the steps of the 
QC program and a resolution plan is available to support the technician in the root 
cause analysis if any discrepancy arises (8.3 Resolution Plan-DOC-V1.1). QC results are 
electronically followed and automatic alerts warn the user via an excel based tool for 
QC follow-up. The user enters results, the tool warns the user if the value is out of the 
defined range, the tool provides QC follow-up indicators. Sources and consequences 
of laboratory errors, investigation of occurrences, rectifying and managing occurrences. 
Tools for process improvement, quality indicators, sources and consequences of labor-
atory errors, investigation of occurrences, rectifying and managing occurrences are all 
addressed in the tool box and the personnel is trained on it use. 

5.1.6. Assessment—audits, external quality assessment, norms, and ac-
creditation 

During the development of the Mini-Lab, the Mini-Lab team and external consult-
ants have strongly advised that the Mini-Lab participate in External Quality Assessment 
(EQA) proficiency either as proposed by MSF or by local authorities. Inspections and 
Mentoring by an experienced microbiologist every 9 months has also been advised. 
International standards and standardisation bodies, national standards and technical 
guidelines, used to develop the QMS are all presented in the Mini-Lab toolbox. The 
Mini-Lab cannot be ISO 15189 accredited as this only applied to fixed facilities and has 
not been objective for the Mini-Lab project. However, in a recent but unpublished 
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evaluation of the second Mini-Lab prototype deployed in Carnot MSF in Central African 
Republic, the evaluator rated the Mini-Lab 4 stars out of 5 utilising the WHO SLIPTA 
evaluation process (result presented in Annex 4). 

5.1.7. Personnel / Organisational 

A set of tools for recruitment, orientation (Job description, questionnaire, recruit-
ment process follow-up, etc.) and duty follow-up (task allocation tables, duty roster, 
competency assessment program and check list) are available within the Mini-Lab 
toolbox. The Mini-Lab supervisor always has access and will be trained on the use of 
competency and competency assessments, and the recording of the competency in a 
designated log. Specific onsite training has been developed for lab technicians, lab 
supervisors, practitioners and nurses collecting blood for testing in the Mini-Lab (from 
test prescriptions to test results), with theoretical, interactive, practical modules and 
teaching guides to help the microbiologist facilitate onsite training. An e-learning ver-
sion of the training for laboratory technicians has been developed for continuous ed-
ucational purposes. Training is provided prior to the start of laboratory activities, this 
includes competency evaluation at the end of training to verify the effectiveness of 
training and the competency of the technicians. Table 5 provides an overview of the 
different training courses offered.  

Table 5 : Description of the trainings available for different target audiences intervening in the 
Operational Mini-Lab Life cycle 

Training 
Name 

Nb Hours 
Target audi-

ence 
Objective 

Mini-Lab Techni-
cian (pBMLT) 

135 hours / 20 
days 

Laboratory techni-
cians and supervi-
sors recruited for 
set-up 

To enable learners to provide quality results to clini-
cians, to use the various equipment that is in the 
Mini-Lab, to develop a critical sense of their work-
flows and to manage the laboratory optimally. 

Mini-Lab Super-
visor (BMLS) 

30 hours / 20 
days 

Mini-Lab Labora-
tory Supervisor 

To enable learners to solve problems or find help to 
resolve non-conformities in analyses or in the opera-
tion of the laboratory, validate and communicate test 
results to clinicians, collect and analyse activity data, 
quality monitoring, epidemiological surveillance, 
manage inventory, support the pharmacist in phar-
macy inventory management and international or-
dering, assess the competence of technicians and 
provide adequate training to newcomers. 

Mini-Lab Sam-
pler (BMLC) 

4 h or 2 times 2 
h 

Nurses or medical 
staff authorised to 
take samples 

To enable learners to understand the challenges of 
quality sampling and the impacts on the individual 
and downstream testing, identify the analyses in line 
with the indications (justify the purpose of the 
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prescription), master and carry out the different pro-
cedures for collecting and routing samples. 

Mini-Lab Diag-
nostic tools 
Stewardship 
(MLDS) 

3 h Clinicians 

To allow learners to understand the challenges of the 
proper use of diagnostic tools made available, under-
standing the test utilisation criteria, to acquire an un-
derstanding and a critical sense of the results pro-
vided by the Mini-Lab. 

Mini-Lab Techni-
cian (Distance) 
(eBMLT) 

20 -25 h 

32 Modules 

Laboratory techni-
cians in the field, 
prerequisites for 
future implement-
ers 

To support Mini-Lab users with different e-learning 
modules. Before the face-to-face training for the first 
time and in their daily use of the Mini-Lab and allow 
them to understand more quickly the use of the dif-
ferent techniques and equipment used at the Mini-
Lab, to develop a critical sense of their work and to 
manage the laboratory optimally. 

Mini-Lab Imple-
menter (BMLI) 

70 hours, 10-
day 

future implement-
ers (microbiologist 
or experienced lab 
tech) 

To be able to deploy, implement the Mini-Lab and its 
activities, train lab techs, supervisors, and nurses to 
use properly all the available procedures. 

To integrate the activities of the Mini-Lab into the 
processes of the site 

From a QMS organisational requirement, management roles, organisational struc-
ture, organisational functions are all set and available within different check lists and 
procedures. At MSF Headquarters, a support team, composed of experienced microbi-
ologist and engineers has been assigned to provide troubleshooting, update users of 
any change and improvement into the QMS, Mini-LIMS and Mini-Lab related compo-
nents. 

5.1.8. Customer service  

Assessing and monitoring customer satisfaction, customer satisfaction surveys have 
not been addressed as they are not an objective that was set by MSF. 

5.1.9. Documents and records  

The QMS Mini-Lab toolbox presented in Figure 26 is composed of 484 documents, 
all addressing the different aspect of the operational life cycle described in Erreur ! 
Source du renvoi introuvable. . 

A printed detailed Mini-Lab handbook is also provided with the Mini-Lab, its intent 
is to empower end users to be fully autonomous for preparation, deployment, using 
and closing of the Mini-Lab. It contains some of the elements present in the QMS Mini-
Lab toolbox such as: (i) guide and book of laboratory forms for set-up procedures, 
organisational management; ii) good laboratory practices on stock and document 
management systems, health and safety and laboratory forms; (iii) equipment moni-
toring and quality control; (iv) SOPs for the pre-analytical, analytical and post-analytical 
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steps; (v) bench-aids, i.e. visual synthesis of SOP to guide the lab technicians while 
working at their bench. In addition, a set of templates is available for the technicians 
outlining their daily duties and how to provide results to clinicians in the case of LIMS 
failure.  

5.1.10. Information management  

The Mini-LIMS is a tablet based LIMS that allows for simplified data entry, process 
follow-ups, sample management, and validate results. The tablet-based format reduces 
data entry errors, helps lab technicians adhere to the workflow, and provides accident 
and error reports. A microbiology decision support system, further described in this 
chapter, is based on international guidelines (European Manual of Clinical Microbiol-
ogy [107], Clinical Laboratory Standard Institute [108], European Committee on 
AST[109], [110]) and provides guidance on results interpretation, flag errors and bi-
osafety risks. The Mini-LIMS makes it possible to follow the analyses that are carried 
out by the Mini-Lab, the accompanying interpretation of the test results of the Mini-
Lab and to direct the laboratory technicians towards the different actions that are to 
be carried out according to a sam-
ple’s interpretations. 

The Mini-LIMS keeps all the re-
sults, interpretations and reports 
for clinicians for a period of 5 years 
and is GDPR (General Data Protec-
tion Regulation) compliant4.  

Mini-LIMS can generate activity 
reporting and send anonymised 
data to WHONET[111] for surveil-
lance purposes. The data is then 
utilised to generate epidemiology 
surveillance reporting on the 
trending of AMR organisms, com-
pile data to generate hospital 
based antibiogram or generate the 
indicators requested from GLASS 
guidance[112].  

 
4 https://gdpr.eu/compliance/?cn-reloaded=1 assessed on the 06/02/2023 at 15 :45 CET 

Figure 29: Schematic view of the Mini-Lab concept, a 
deployable Clinical Bacteriology Laboratory developed to 
provide access to blood culture capacities in difficult to reach 
settings, Mini-Lab (France) 
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6. Development of a Microbiology Decision Support System: focus on the 
pre-ID Experts systems component 

6.1. Introduction 

Clinical bacteriology testing from processing of the specimen to the interpretation 
of results is a complex process that requires extensive expertise and knowledge in mi-
crobiology[113]. LIMS have improved the quality of work done by laboratories. As high-
lighted by Turner et al. in a recent review, several requirements are unique to microbi-
ology labs, and therefore the LIMS require a considerably more complex design than 
what is typically used for the blood sciences (biochemistry and haematology)[113]. In 
a microbiology laboratory multiple results are generated per specimen, electronic 
notes on each specimen must be taken at each step, tests are added dynamically during 
the process, variability of microorganism phenotypic test results, and the possibility of 
multiple resistance mechanisms increase the complexity and requirements for an LIMS 
fit-for-purpose in a clinical microbiology laboratory[113]. 

A designed for purpose LIMS can facilitate the daily work of laboratory technician, 
with features such as sample management, and automated report generation.[113]. 
However the difficulties of culture-based bacteriology diagnostics are based upon di-
chotomic choices made by experienced microbiologists based upon results and obser-
vations during the testing pro-
cess. Traditionally, simple rules 
have been used by microbiol-
ogists for linking the detected 
phenotype of an organism to a 
clinically actionable finding, 
however a simple flow chart or 
table can quickly evolve into a 
complex algorithm[114]. 

To overcome this complex-
ity, expert system, defined by 
Rhoads et al. as a software that 
combines a database of infor-
mation with a set of rules to 
help make a conclusion about an input (Figure 30)[114], have been created. In clinical 
bacteriology laboratory, expert systems has often been focused on AST interpretation. 
This is due to: (i) result reporting is complex (e.g. antimicrobial susceptibility (AST) data 

Figure 30: Schematic representation of an expert system. 
According to Rhoads et al. « An expert system is a form of 
artificial intelligence that allows a user to use software rules 
(inference engine) together with a knowledge database to make 
a conclusion (output) about an input » [114] 
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with multiple reference ranges depending on pathogen–drug combination, (ii) bacte-
rial nomenclature changes over time as new species are identified and existing ones 
are reclassified on the basis of newly generated sequencing data, (iii) AST interpretation 
with multiple resistance mechanisms is complex and evolving, (iv) rules for reporting 
results can be dependent upon the demographics of the individuals being tested, and 
(vi) the specimen’s source, or antimicrobial resistance[114]. Instead of relying on hu-
mans to investigate these criteria, recall associated rules, and accurately implement the 
rules, an automated system can be built to selectively interpret input data and provide 
results which are adherent to set standards.  

It is not surprising that microbiology laboratories have turned to expert systems (aka 
knowledge-based systems) to attempt to systematise algorithms into more usable and 
useful systems. Despite adaptation made to simple blood culture workflows in the 
Mini-Lab process, there are several steps that required extended expertise for test out-
put interpretation, choosing of next steps and results reporting. It was soon realised 
during the development process that to provide access to clinical microbiology in the 
absence of expert microbiology a multilayer approach was needed, which embedded 
different expert systems, to cover the entire analytical process (Figure 31), and which 
could be adapted into a LIMS.  

6.2. Brief description of the development methodology 

The methodology used to develop the expert system was complex. It was initiated 
prior to the development of the LIMS with the goal of interrogation of LIMS software 
and not just an extension of existing expert system such as WHONET[111]. Firstly, all 
the steps which required complex decision-making and all the steps that could impact 
the quality of the result, therefore requiring an expert system, were mapped. There are 
many, and the extent of the work done will not be presented in this section. Figure 33 
provides an overview of the different types of expert systems embeded as a microbi-
ology decision support system into the Mini-LIMS. In this chapter, only the work done 
around the pre-ID will be presented. It was then realized that different types of expert 
systems with different inference engine and knowledge databases would be required, 
with the objectives to: (i) transform a result of one or more test reactions into a result 
of identification of a bacteria (genus, species, family, etc.), (ii) transform an MIC value 
into clinical category results (R/I/S), (iii) verify the concordance and quality of the re-
sults, (iv) interpret resistance mechanisms, the absence of mechanism, (v) provide un-
derstandable results to the technician or to the clinician and allow them to use the 
result and learn from them. 
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Figure 31: Diagram of the Mini-Lab blood culture workflow, extract of the document DOC-9.1.1-HEMLOGI 
V1, 16/11/2021, page 1, Mini-Lab (France) 
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While knowledge databases for the first level of interpretation are available for ID 
and AST, for Pre-ID tests it was realised that it would have to be built. For example, 
while it is known that Staphylococcus aureus is catalase positive, and that Enterococci 
are not all aminopeptidase negative, there is literature that provides the behavioural 
probability of a given bacterial species, genus, family to a phenotypic reaction for such 
enzymatic tests.  

Different statistical models and existing knowledge databases from manufacturers 
who have developed phenotypic identification (Biotypes) such as BioMerieux API 
(Marcy l ’étoile, France) or Beckman Coulter Microscan (West Sacramento, California, 
USA) were searched. During meetings and discussions with multiple academic special-
ists on medical algorithms and specialists from industry, it became clear that for pre-
ID a model would have to be built to take into account the intrinsic analytical perfor-
mance of the selected pre-ID tests. As well, the study done to evaluate the performance 
of the BCBs[97] showned that this database should include the expected behaviour of 
bacteria on the type of growth in blood culture vials and subculture as well. A dicho-
tomic tree was then designed to visualised one part of the algorithm (SCS, pre-ID) and 
tested during the first field pilot in Haiti (Figure 32). A probability-based biotypes table 
by genus or bacterial family using the different studies carried out on the systems in-
volved in the orientation of the results (BCB, SCS, pre-ID) was then created. This work 
was carried out during the performance studies of the subculture system [99] at the 
Bicêtre teaching hospital’s laboratory (see chapter 2), for BCBs during the performance 
evaluation[97] and for pre-ID tests (catalase, oxidase, aminopeptidase, Gram) during 
the performance evaluation made for the ID panels[100] (n=130) and during a proof 
of concept study (n=59) done by the Institute of Tropical Medicine of Antwerp (Bel-
gium) not published (data provided in Annex 9).  

To establish the knowledge databases for level two, during the various laboratory 
evaluations of analytical components (BCB, SCS, pre-ID, ID, AST), different scenarios of 
errors or mishandling that could occur in the field were tested. For example, the use of 
the Gram-positive side of the ID plate on a Gram-negative bacterium. As an example 
when Chromobacterium violaceum is identified by the system, Ombelet et al. found 
that it is likely that the wrong microplate was inoculated. Chromobacterium violaceum 
could be a misidentification of certain Gram-positive organisms such as 
Staphylococcus spp.[100]. Another example highlighted by the study done by Ombelet 
et al., if Chryseobacterium indologenes, it is likely that the wrong microplate was 
inoculated. Chryseobacterium indologenes is the result of misidentification of certain 
yeast. In addition, the large number of repetitions or bacteria tested on these different 
systems (n=367 for ID) has made it possible to highlight repeated patterns of 
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systematic errors or to, at a minimum calculate a probability of occurrence. Thus, 
making it possible to highlight patterns of repeated errors specific to the reagents and 
tests. For the AST, patterns of systematic errors were captured during the evaluation 
study presented in chapter 3, and following a literature review, different rules of 
interpretation were incorporated such as resistance mechanisms, intrinsic resistance, 
unusual phenotypes detailed by EUCAST[[109], [115]. We also included manufacturer 
instructions and expert consensus. 

Figure 32: Mini-Lab pre-ID decision tree for bacilli, this algorithm does not take into consideration 
growth information obtained from the BCB. Extracted from the document DOC-10.10-PIDADEC, V1.1, 
10/08/2022, page1, Mini-Lab (France) 
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To develop the level three knowledge database, a panel of experts in microbiology, 
infectious disease, IPC, epidemiology, was pulled together. The expert panel then 
established revisions for rules and formulated sentences based on the expertise of the 
group and various existing guidance’s [107], [116], including MSF's therapeutic guides5. 
Key rules used by the expert panel were; (i) messages for technicians must be actiona-
ble, (ii) messages must be concise, (iii) explain to the technicians "the problem" which 
generated the message (do not give the raw action to be carried out), (iv) if there is a 
discrepancy on identification, provide information such as, grouping of bacteria, and 
(v) results to clinician must explain the origin of organism and provide relevant infor-
mation for treatment. 

Following this work, all inference engines were developed by our engineers and for 
the pre-ID, using statistical models derived from the Microscan Biotypes database. The 
expert system and the various databases were initially integrated into an Excel -based 
database using Virtual Basic for Application (VBA). This was done as a mockup to 
simulate the expected results from the data entry. 

This mockup expert system was initially tested using the results of the Haiti study, 
including all the results of the different tests carried out and the results from the 
reference methods. This was done to adapt and modify the statistical models, the 
thresholds for triggering of rules, among other things. In total more than 150 results 
were tested with the mockup. The mockup was also tested during the first 4 months of 
the study in Carnot before being integrated into the Mini-LIMS software. 

6.3. Description of the pre-ID expert systems 

Figure 33 describe the structure of the Mini-LIMS software and the interleaving of 
the different layers of expert systems. Red rectangles in the diagram indicated with 
numbers 1 to 8, represent the different expert systems with (1) addressing all expert 
rules and features related to an individual and their sample data management (e.g. 
recall of an individual’s ID, demographic data quality check, volume sampled verifica-
tion, etc.), (2) covering expert rules related to sample management (e.g. incubation 
time, pathway to next step, etc.), (3) focused on the Assisted Reading System rules (e.g. 
collection of gram pictures, colour atlas for ID plate reading, atlas of type of growth for 
AST panels, etc.), (4) pre-ID biotypes interpretation mechanism, (5) ID biotype lookup 
to interpret results of the Neg/Pos ID Microscan panel (knowledge database is pro-
vided by a direct interface with the Lab Pro software of Beckman Coulter), (6) AST 
breakpoint interpretation to transform MIC into clinical category (knowledge database 

 
5 https://medicalguidelines.msf.org/en, assessed 23rd April 2020 
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is provided through a partnership with WHONET to yearly update our database, based 
on current EUCAST or CLSI updates), (7) pre-ID and ID expert rules to check results and 
provide alert or message to technician, clinicians, and (8) AST expert rules to interpret 
resistance mechanisms, interpretative antibiogram, display and/or edit alert messages 
or recommendations for technicians or clinicians. 

All of these expert systems together, constitute the microbiology decision support 
system (MDSS) component of the Mini-LIMS (in the light red rectangle in the figure 
33). Finally the MDSS is embed into the Mini-LIMS (blue rectangles in the figure 33) 
along with the user and administrative interface. Other inference engines allow the 
Mini-LIMS, to be connected to the different cameras (microscope and microplate 
viewer box), to provide reports (activity, results, etc.), and to extract the result database 
into a format that can be used by surveillance software (WHONET, DHIS2). 

 

6.3.1. Description of the pre-ID workflow  

To understand the results and the complexity of the pre-ID expert systems 
developed, the process as it is at the final version of the Mini-Lab will be described. In 
the Mini-Lab process, pre-ID is the phase that provides to the clinician, early 

Figure 33: Diagram describing the different layers of the expert systems (red rectangle 
indicated with numbers 1 to 8) assembled as a unique microbiology decision support 
system (all diagrams in the light red rectangle) and embed into the Mini-LIMS (all diagrams 
in the blue rectangle, Mini-Lab (France) 
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information concerning the organism present in the BCB and an ID orientation of the 
organism. This pre-ID is carried out in two steps; detection and orientation. Detection 
is possible after a minimum of a 2 hour incubation, when a BCB is read as positive (or 
subculture for QC). A Gram stain can then be performed on the sample, followed by 
microscopic observation. To read the Gram-stained slide, a camera attached to the 
microscope displays a picture on the Mini-LIMS, the technician scrolls through a library 
of predefined Gram pictures to select the one that corresponds to the samples, picture 
and enters further testing results. This step captures; (i) the presence of a bacteria in 
the sample, (ii) the Gram status of the bacteria, (iii) the morphotype of the bacteria 
(bacillus, cocci, etc.), and (iv) particular types of growth (turbidity, hemolysis, etc.). At 
the end of this step, the Mini-LIMS publishes a report for the clinician to confirm the 
presence of bacteria, its morphotype and its Gram status and to explain the possible 
origin of the bacterium and therapeutic options. The technician must then prepare two 
subcultures, InTray Chocolate and InTray Colorex, this allows the second step of the 
pre-ID to be carried out. For the orientation, this is done between 16 to 24 hours of the 
incubation of the subcultures (first stage), when the bacterial growth of these 
subcultures is confirmed, the Mini-LIMS ask the user to take a picture of the colonies 
on the plate and to enter the results of colony morphology. The technician then carries 
out tests on the colonies taken from the subcultures (i.e. oxidase, catalase, coagulase, 
aminopeptidase, and indole). The results of these tests will make it possible to; (i) refine 
precisely the identification of the bacteria, (ii) determine in certain cases if the bacteria 
is a suspected pathogen or a contaminat which might have occurred during the sam-
pling, and (iii) initiate the preparation of ID and AST microplates that will finalise the 
identification and obtain an antibiogram. When the orientation tests are completed, a 
new report is edited for the clinician to confirm the previous report and provide guid-
ance on the identification of the bacteria, allowing the clinician to adapt treatment 
plans based upon the detected organism. 

6.3.2. Pre-ID Biotype expert system 

6.3.2.1. Pre-ID Biotype Knowledge database 

The first knowledge table, also refered to as the pre-ID biotype database; (i) list the 
organism and groups of organism that can be identified during Pre-ID, (ii) informs per 
test the expected probability response as percentage of each of these organisms to the 
detection and orientation tests and (iii) weighs the importance of each of these tests 
for each organism. 
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It is presented in the form of a table where the organisms are indicated in rows and 
the tests (with their probability results and weighting) are indicated in columns (Annex 
10). 

The database is composed of 19 lines of organisms and each line is composed of 40 
parameters (probability results and weighting).  

Figure 34: Snapshot of the mock-up database for Pre-ID tests are fixed, but this can be modified, added 
to or items removed by the Mini-LIMS administrator, Mini-Lab (France). 

 

Each preselected organism is classified by; (i) a class (or supergroup): often consist-
ing of the concatenation of its morphotype and its Gram, (ii) a group by genera and 
species according to their clinical relevance to refine the orientation as proposed by 
Ombelet et al.[32], and (iii) a more precise orientation at genus level or for some at 
species level (e.g. Escherichia. coli). 
There are 4 categories of tests, which are treated in different ways, morphotype 

tests, orientation tests, growth type testing, growth on InTray Colorex. For each 
test, it is necessary to consider 3 parameters, Value (for morphotype class and Colorex 
growth only), the probability of positive detection of this test, between 0.01 and 0.99 
(for all tests except Colorex growth), the determinant, which is used to weigh the im-
portance of a test for a given organism, this determinant can take 4 values: Non Com-
municate/Minor/Medium/Major. 

Morphotype test:  
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For each line of organism, the morphotype is described with defined probability and 
determinant (between 0.01 and 0.99) according to 2 parameters; (i) the general mor-
photype class (i.e. Bacilli/Yeast/Cocci), and (ii) the specific morphotype characteristic 
(i.e. coccobacillus, cocci in clusters, isolated cocci, cocci chain). 

Orientation tests 
These tests are performed on colonies from the blood culture bottle or subculture. 

They can only take 2 values: positive or negative (or empty if they are not filled in). The 
tests include: Gram stain, oxidase, catalase, aminopeptidase, coagulase. For each test a 
probability and determinant are assigned. 

 

Growth Type Tests 
These tests describe the observation of colony growth that is observed in BCBs such 

as; turbidity, haemolysis, growth granulation, white film, isolated settlements, bacterial 
carpet, gas production. For each test a probability and determinant is assigned. The 

Figure 35: Snapshot of the pre-ID mock-up database, the top snapshot presents the part of (i) 
morphotypes class and bottom snapshot presents the (ii) specific morphotypes, Mini-Lab (France)  
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difference between these tests is how their results influence the calculation of the or-
ganism's probability of match. 

Colorex growth 
Unlike the other tests, the Colorex growth for each organism cannot be quantified, 

so there is no probability of positive detection for this test but only a value. The result 
of this test does not influence the match rate but does influence the expert system 
suggestion for guidance on the identification of the bacteria. Colorex growth can take 
7 values, white to translucent, blue-green, dark red to pink, brown halo, creamy golden, 
no growth, not concerned (if this test has not been referenced on this organism) 

6.3.2.2. Inference engine  

6.3.2.2.1. Match rate 

The inference engine is composed of a cascade of calculations and rules. The prob-
ability of positive detection and the determinants assigned to each test for each or-
ganism allowed. Each time pre-ID results are entered a match rate is calculated. This 
rate describes the response of the organism being analysed to the pre-ID tests, seen 
across the spectrum of expected results for each organism. The following example will 
be utilised to explain the cascade calculation. For an organism to be analysed, the la-
boratory technician must observe the results for the following tests: 

• Morphotype class: Bacilli 

• Gram: negative 

• Aminopeptidase: positive 

• Oxidase: positive 

• Other tests are not filled in (unobservable, unavailable or other). 

When these results are entered into the Mini-LIMS, the system displays the following 
match rates (Figure 36) 

 
Figure 36: Results provided by the inference engine for the example used for a gram negative, 
aminopeptidase positive, oxidase positive bacilli, Mini-Lab (France). 
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These results indicate that the organism being analysed had exactly the same results 
in the tests reported (morphotype/Gram/aminopeptidase/oxidase) as Haemophilus 
spp., Pseudomonas spp. and Stenotrophomonas spp., the meaning of a 100% match 
rate. 

Other organisms visible on these results have only a 35% probability of being the 
organism being analysed based upon the results obtained from testing. To calculate 
this match rate, it is necessary to know how the probability and determinant of each 
test is taken into account. When the inference engine starts calculating match rates, it 
performs the following operations for each organism listed in the knowledge database. 
Then it will calculate 3 rates; (i) minor match rate (ii) average match rates, and (iii) major 
match rates. At the initialisation of the calculation, all these rates are worth 1. 

If the resulting test entered responded positively, the calculation multiplies the prob-
ability of a positive response of this organism with the rate corresponding to its deter-
minant (minor/medium/major). 

If the resulting test entered responded negatively, the calculation multiplies 1- the 
probability of positive response of this organism with the rate corresponding to its 
determinant (minor/medium/major). 

e.g. the following results are observed for the sample analysed: 

• Morphotype class: Bacilli 

• Gram: negative 

• Aminopeptidase: positive 

• Oxidase: positive 

When these results are compared to those expected for Salmonella spp. (knowing 
inference engine will do so for all bacteria listed). The expected results of Salmonella 
spp. are as follows in Table 6. 

 

Table 6:Expected results found in the pre-ID knowledge database for Salmonella spp. organism 

Type of test Results entered Probability Determinant 
Morphotype class Bacilli 0.98 major 
Gram negative 0.01 medium 
Aminopeptidase positive 0.01 major 
Oxidase positive 0.96 major 

Major (T%Maj) and average (T%Avg) match rates can be calculated for this sample 
compared to Salmonella spp: 
Major rate: 
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T%Maj = 1 x 0.98(morphotype OK) x 0.01(Oxidase pos) x 0.96 (Aminopepti-
dase pos) 

T%Maj = 0.009 

This rate is very low because of the oxidase test whose result should be positive 
while Salmonella expects a negative result (probability of positive detection at 0.01). 
Average rate: 

T%Avg = 1 x (1-0.015) (gram negative) 

T%Avg = 0.985 

 

The minor rate is not considered since no test with a minor determinant has been 
entered. 

These 3 rates are then compiled to obtain an overall rate (T%Glob): 

T%Glob = (T%Maj x 10 + T%Avg x 5 + T%Min x 2) / 17 

 

In the case of our example, we do not have a minor rate, so the calculation becomes: 

T%Glob = (T%Maj x 10 + T%Avg x 5) / 15 

T%Glob = (0.009 x 10 + 0.985 x 5) / 15 = 0.33 

 

This rate alone does not give us information, it must be compared with the maximum 
result expected for Salmonella spp. 

T%Maj Max = 1 x 0.98(morphotype OK) x (1-0.01)(Oxidase neg) x 0.96 (Ami-
nopeptidase pos) = 0.93 

 

That is to say the same as for our sample but with a negative oxidase. 

T%Avg Max = 1 x (1-0.015)(gram negative) = 0.985 

 

This gives us:  

T%Glob Max = (0.93 x 10 + 0.985 x 5) / 15 = 0.948 

 

We can now calculate the match rate of Salmonella spp. with our sample: 
T%match = (T%Glob / T%Glob Max) x 100 = 34.8% 
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This therefore reflects the comparison between the results obtained by results en-
tered and the results obtained by a "typical" Salmonella spp. from the knowledge da-
tabase. 

Special cases of growth types: When a test is negative, the calculation will integrate 
this test by taking as its coefficients "1- probability positive". However for types of 
growth (turbidity, haemolysis, etc)., there is no systematic verification, so a negative 
result is simply not considered. 

The analysis results obtained in the laboratory, can at times, not be sufficient for the 
inference engine to suggest an identification. In the example (Figure 36) we are not 
able to determine whether the bacteria being analysed is a Haemophilus spp., Pseudo-
monas spp. or Stenotrophomonas spp., based on the organism's match rate: 
This is where the idea of group and class of organism has come into play. Based on 

the results for the probability of an organism match, the inference engine will group 
the organisms into the corresponding groups by assigning the highest match rate 
among the organisms  

Then the inference engine does this operation again by grouping of organisms into 
a class. For our example, this gives the following results (Figure 37). 
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Figure 37: Cascade calculation results done by the inference engine for gram negative bacilli, 
aminopeptidase positive, oxidase positive test results. Extract from the actual Mini-LIMS interface, Mini-
Lab (France) 

Focusing on the organisms that had a 100% match rate, Haemophilus spp. was in-
cluded in the group "Haemophilus spp., Neisseria spp., Moraxella spp.”, and Pseudo-
monas spp. and Stenotrophomonas spp. in the group "Gram Negative (GN) non-fer-
menter". Since these two groups have the same match rate, they have been grouped 
into the organism class "Gram-negative bacilli". 

6.3.2.2.2. Determination of suggestion: 

The inference engine seeks to suggest the most specific identification probability. It 
does this by comparing the highest matching rate of the probability with the second-
highest rate. If this ratio is greater than "1.3x", then the inference engine proposes the 
organism with the highest rate or probability. Otherwise it defaults back to the group 
level and makes the same comparison. If a classification is still not possible, it goes up 
to the level of the organism class. If the match rate of the largest class is still no higher 
than 1.3x, the rate of the second class with the best match rate, then the inference 
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engine displays an error message stating that it cannot suggest an classification for the 
organism ("Tests to be refined/ repeated"). In the example used, inference engine can-
not render an organism or group because the match rates are equiprobable. It there-
fore suggest the organism class "Gram-negative bacilli" as a classification for the Pre-
ID. 

6.3.2.2.3. Particular cases of the Colorex screen test 

Chromogenic media such as the InTray Colorex Screen are quite reliable tests that 
can differentiate bacteria in some cases based on the colour of the colony but the 
results probability have not been quantified in the literature. To date, there is no relia-
ble statistical study to quantify the response of different organisms on chromogenic 
media. The Colorex therefore serves to differentiate bacteria with identical match rates. 
In the previous example if the Colorex the colony was white to translucent colony in 
colour, the resulting happens:  

• Haemophilus spp. does not grow on Colorex 
• Stenotrophomonas spp. and Pseudomonas spp. growth with colonies either 

white to translucent or greenish on Colorex. 

It is therefore one of either Stenotrophomonas.spp or Pseudomonas.spp. Since the 
inference engine cannot differentiate between these two bacteria, it will suggest the 
group of organisms to which they belong too, "non-fermenting gram-negative bacilli". 
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Figure 38: Cascade calculation results done by the inference engine for a gram-negative bacillus, 
aminopeptidase positive, oxidase positive and colour of colonies white on Colorex, test results entered. 
Extract from the  mock-up interface, Mini-Lab (France) 

6.3.2.2.4. Selection threshold 

If after calculating match rates, no organism has a match rate greater than 50%, the 
inference engine will display a message questioning the entry of results: "Test results 
are very unlikely, please check Pre-ID test results". 

6.3.2.2.5. Posting conclusions 

Based on these results, the user must then decide on the classification of the organ-
ism. The user can either choose the classification suggested by the inference engine or 
go up to the level of the group or class of organism. This can be done if there is doubt 
concerning one of the results for. When the choice is confirmed, the Mini-LIMS will 
then go to next step of expert rule verification. 

6.3.3. Pre-ID and ID expert rules 

In the process of defining expert rules that can interpret results and provide under-
standable results to technicians and clinicians, a total of 258 rules that can trigger 401 
messages (including pre-ID, ID and AST) were developed. For pre-ID, 35 rules can trig-
ger 96 messages, for ID 55 rules can trigger 169 messages and for AST 168 rules can 
trigger 233 messages.  

6.3.3.1. Pre-ID and ID expert rules database 

Pre-ID and ID expert rules trigger conditions that are similar, which is why they are 
grouped in the same expert system. Pre-ID rules trigger the display of technician 
messages in the interface of the Gram and Pre-ID results forms when the user has 
chosen an interpretation.  

These Pre-ID rules also trigger the display of messages and recommendations to 
clinicians for detection and/or classification reports. Sentences are displayed in the 
report editing interface and the supervisor can decide to incorporate or not the 
sentences or edit them as required. ID rules will trigger the display of technician 
messages in the ID plate reader interface when the user has chosen an interpretation.  

ID rules also trigger messages and recommendations to be displayed to clinicians 
for final positive reports. The same as for the pre-ID, sentences are displayed in the 
report editing interface and the supervisor can decide to incorporate or not the 
sentences or edit them as required 
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There are 3 types of messages that can be provided by the expert rules: 

• Messages to technicians: displayed in the Mini-LIMS. These messages are often 
alerts that suggest the technician to take certain precautions or take certain actions 
given the bacteria identified. 

• Messages to clinicians: displayed in positive reports (Detection/Referral/Final). 
These messages alert the clinician to the risk of an outbreak, or the presence of 
pathogen of hospital origin and recommendation of actions, warning and/or alerts 
to be carried out. 

• Recommendations to clinicians: displayed in positive reports 
(Detection/Classification/Final). These messages suggest to clinicians actions for the 
treatment of the individual in relation to the bacteria or the identified resistance 
profile. 

All messages are available in French, English and Arabic and an example is shown in 
Table 7 and all messages are classified by: 

• Rule number (required): Alphanumeric characters typed by hand by the user. These 
numbers must be unique (verified by the system). They are uploaded for each anal-
ysis in the register of analyses and allow technicians to check which rules have been 
triggered for each analysis. 

• Technician messages (optional): Messages developed by the expert panel. These 
message are displayed if the rule is triggered in the Gram/Pre-ID Results Entry 
Forms Monitor or in the ID Plate Reader form. It is displayed when the user chooses 
an interpretation. 

• Clinician messages (optional): Messages developed by the expert panel. These mes-
sages are displayed if the rule is triggered in the positive reports editing form. It 
appears when the supervisor starts editing a positive report. 

• Clinician recommendation (optional): Messages developed by the expert panel. 
These messages will be displayed if the rule is triggered in the positive reports ed-
iting form. It appears when the supervisor starts editing a positive report. 

Table 7: Examples of messages triggered at the pre-ID step when a Gram-negative bacilli is observed at 
the microscope from a positive blood culture bottle 

Categories ID English French 567رع 
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Message to 
clinicians 

PID-I-
1 

 Gram-negative bacilli including 
non-fermentative bacilli or en-
terobacterales or Haemophilus 
spp. – If suspicion of meningi-
tis: it is probably haemophilus 
spp. – If healthcare-associated 
infection suspected: it is prob-
ably a non-fermentative Gram-
negative bacillus. – If suspicion 
of urinary or intestinal infec-
tion: it is probably an entero-
bacterales. 

Bacilles à Gram négatif dont 
bacilles non fermentaires ou 
Enterobacterales ou Hae-
mophilus – Si suspicion de mé-
ningite : il s’agit probablement 
d’Haemophilus spp. – Si suspi-
cion d’infection associée aux 
soins de santé :il s’agit proba-
blement d’un bacille à Gram 
négatif non fermentaire. – Si 
suspicion d’infection urinaire 
ou intestinale : il s’agit proba-
blement d’un Enterobacte-
rales. 

 كلذ XYZ امV مارغلا ةLبلس تاLصعلا
 وأ ةرمخملا ̂_غ تاLصعلا

Enterobacterales وأ 
Haemophilus - XYZ شلاا ةلاحghەا X

Y
Z 

 نوكj نأ لمتحملا نم :اoاحسلا باهتلا
Haemophilus spp. - XYZ ةلاح 

 ةطhترم ىودع دوجو XYZ ەاghشلاا
Vاعرلاoحصلا ةLنوكت نأ لمتحملا نم :ة 
 XYZ - .مارغلا ةLبلس ةرمخم ̂_غ ةLصع
 وأ ةLلوب ىودع دوجو XYZ ەاghشلاا ةلاح
 نوكت نأ لمتحملا نم :ةÄÅعم

Enterobacterales. 

Message to 
technicians 

PID-I-
1 

Rule PID-I-1 (Gram-negative 
bacilli) : Message for the clini-
cian to edit. 

PID-I-1 (Gram-negative bacilli) : 
Message clinicien à éditer 

PID-I-1: )صعLبلس تاLمارغلا ة(: 
 .بLبطلل ةلاسر رÖÅحت

Recommen-
dations 

PID-I-
1 

Assess the patient's condition 
and identify the source of in-
fection. Check that at least one 
molecule of the antimicrobial 
treatment is active against this 
type of bacteria. 

Évaluer l’état du patient et 
identifier la source de l’infec-
tion. Vérifier qu’au moins une 
molécule du traitement antimi-
crobien est active contre ce 
type de bactéries. 

 ردصملا ددّحو ضÖÅملا ةلاح مLق
اLئزج نأ نم دîأت .ىودعلل لمتحملا

ó
 

 تاداضمV جلاعلا نم لقلأا òع óادحاو
 نم عÄنلا اذه دض لاعف تاùوركLملا
 .اÅ̂_تكhلا

6.3.3.2. . Pre-ID and ID expert rules inference engine 

The database for pre-ID and ID expert rules have rules in line, with several columns 
with different parameters for application of the rules 

• Rule number (required):  This is the same alphanumeric characters present in the 
knowledge database as key unique identifier to link both database. 

• Category (required): Two fields possible: 

o Pre-ID: Rule actions in the Gram and Pre-ID interface and in detection and 
orientation report editing forms. 

o ID: Rule actions in the ID interface and in the final positive report editing 
form. 

• Type of identification (mandatory): Used to verify if the identification entered exists 
in the pre-ID databases and makes it possible to trace the identification. 4 possible 
fields: 

o Pre-ID class: reserved for the "Pre-ID" category (verified by the system). This 
is the highest hierarchy of Pre-ID interpretation. 

o Pre-ID groups: reserved for the "Pre-ID" category (verified by the system). 
This is the middle hierarchy of the Pre-ID interpretation. 

o Pre-ID organisms: reserved for the "Pre-ID" category (verified by the system). 
This is the lowest hierarchy of Pre-ID interpretation. 
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o Organism code: reserved for the "ID" category (verified by the system). Al-
lows linking result provided by the Biotype ID expert system with rules to be 
triggered. 

• Identification (required): Depends on the type of identification. This is the first pa-
rameter that allows checking the triggering of the rule based on the interpretation 
in the form. 

• Single samples (check box): Basic checkmark. Allows triggering this rule if the sam-
ple concerned only one sample in its batch, i.e. if there are no other samples with 
the same batch number in the analysis register. 

• Multi-sample batch (checkbox): Basic checkmark. Allows triggering this rule if the 
sample concerned is not the only sample in its batch, i.e. if there are other samples 
with the same batch number in the analysis log. 

In positive reports, depending on the category of rules triggered during the analysis 
(Pre-ID, ID, AST), messages and recommendations will be added to the report editing 
form for each isolate in the sample. Each message is in this form preceded by a box, 
checked by default that the supervisor can uncheck to remove the message in question 
from the report. These messages can also be edited manually by the supervisor if de-
sired. In the edited form, the selected messages are added as follows (for each isolate): 
(i) clinical messages are added to the "Interpretation" cartridge of the isolate con-
cerned, (ii) the recommendations are added in the "Recommendations" section for the 
isolate concerned. 

 
Figure 39: Extract of the report form provided to clinicians with the different sections were the sentences 
are automatically filled by the expert system, Mini-Lab (France) 
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Chapter 2- Adaptation And Validation Of An Innovative Tech-
nique Adapted To LRS Constraints For The Subculture Of Blood 
Culture Bottles  

1. Introduction 

Culture media are fundamental in clinical bacteriology, especially for the diagnosis 
of bloodstream infections which largely still relies on culture of large volumes of blood 
in culture bottles (BCB) and on further isolation of bacterial species by subculturing on 
agar plates[68], [117]. For many decades, laboratories in high-income countries procure 
pre-poured ready-to-use culture media from specialised manufacturers, a practice 
which is integrated in the laboratory quality management system [118]. Ready-to-use 
plates are not adapted to logistics constraints in low-resource settings because of their 
short shelf life, usually under six months, and even less with blood-containing 
plates[119]. In contrast, LMIC laboratories mostly buy dehydrated culture media and 
prepare them in-house, a time-consuming solution that requires trained personnel and 
a strong quality control system, achievable under strict procedures in certain laborato-
ries of LMICs. Additionally, preparing in-house requires the addition of several fresh 
animal products for the culture, identification and determination of susceptibility to 
antibiotics of fastidious organisms [120]. Those animal products such as defibrinated 
sheep or horse blood, contains different concentrations of specific nutriment (β-NAD, 
Adenin, etc.) that to date have never been dehydrated[121]. Furthermore, in liquid for-
mat the blood has a short shelf life[122] and therefore the use of this formulation 
doesn’t meet the Mini-Lab specifications. In developing countries, microbiologists in-
stead of animal blood, often use human blood agar because of the high cost and in-
hospitable conditions for raising sheep or horses to supply blood. Many pathogens 
either fail to grow entirely or exhibit morphologies and haemolytic patterns on human 
blood agar that confound colony recognition and can be hazardous to handle [119], 
[123] 

In this chapter and in the context of the laboratory of the LMIC first-level referral 
hospital, where clinical bacteriology services should be expanded according to the in-
augural WHO Model List of Essential In Vitro Diagnostics, we will firstly, review the 
culture media selection and processing in LMIC, compile best practices for in-house 
preparation, discuss ways to improve access to quality-assured products and formulate 
research questions to improve these practices. Then in the second part of the chapter 
and in target setting of low resource areas (e.g. little availability of skilled HR- mostly 
laboratory technicians, scarcity of supply, unfriendly environment, no access to referral 
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lab, etc.), we explore the selection, from the market of ready to use systems from vet-
erinary, food safety microbiology, of a novel ready to use a type of culture media and 
perform several proof of principle studies to explore it for use as subculturing system 
from BCB. We then evaluate the analytical performance of this system on a larger scale 
to confirm the findings of the proof of principles studies (supplementary results to the 
published result can be found in Annex 14 and 15). 

 

The review and the work done in the different experiments described in the next 
section were published in the following peer reviewed journals. 

- J. Orekan, B. Barbé, S. Oeng, J.-B. Ronat, J. Letchford, J. Jacobs, D. Affolabi, L. 
Hardy, “Culture media for clinical bacteriology in low- and middle-income coun-
tries: challenges, best practices for preparation and recommendations for im-
proved access,” Clinical Microbiology and Infection. 2021, doi: 
10.1016/j.cmi.2021.05.016. 

- A. Natale, S. Oueslati, A. Rochard, D. Lopez-Baez, S. Ombelet, L. Hardy, J. Cun-
ningham, O. Vandenberg, C. Franquesa, J.-B. Ronat*, T. Naas*, “Evaluation of 
InTray Cassettes Directly from Blood Cultures for the Diagnosis of Sepsis in Clin-
ical Bacteriology Laboratories as an Alternative to Classic Culture Media,” Diag-
nostics, vol. 13, no. 3, p. 523, Jan. 2023, doi: 10.3390/diagnostics13030523. 

* Both authors contributed equally to the manuscript 
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2. Culture media for clinical bacteriology in low- and middle-income 
countries: challenges, best practices for preparation and 
recommendations for improved access 
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3. Evaluation of InTray Cassettes Directly from Blood Cultures for the 
Diagnosis of Sepsis in Clinical Bacteriology Laboratories as an 
Alternative to Classic Culture Media. 
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Chapter 3- What Are The Performances Of Three New Types Of 
Innovative AST Panel Adapted To LRS?  

1. Introduction 

Determination of the antimicrobial susceptibility patterns of significant bacterial iso-
lates is among the primary responsibilities of the clinical microbiology laboratory. From 
a practical perspective, clinicians often perceive such test results to be at least as im-
portant as determination of the aetiologic agents of patients’ infections[124], [125]. In 
the face of ever escalating antimicrobial resistance and the frequent need for treatment 
with newer, often more expensive antibiotics, antibacterial susceptibility testing (AST) 
results take on an increasingly important role[126]. 

The goal of in vitro AST is to provide a reliable predictor of how an organism is likely 
to respond to antimicrobial therapy in the infected host. This type of information helps 
the clinician select the appropriate antimicrobial agent, supports the development of 
antimicrobial clinical guidelines, and provides data for epidemiological surveil-
lance[127]. Such epidemiological surveillance data provide a base to choose the ap-
propriate empirical treatment (first-line therapy), to detect the emergence and/or the 
dissemination of resistant bacterial strains or resistance determinants in different bac-
terial species, and can document the impact of new protocol (hygiene, treatment, etc.) 
through operational studies [128]. 

There are many different methodologies available for detecting organism resistance 
to antimicrobials. Susceptibility testing methods include disk diffusion (Kirby-Bauer), 
broth microdilution (both manual and automated), agar dilution, and antibiotic gradi-
ent methods [127], [129] and all have advantages and disadvantages depending if used 
in high-resource or in low-resource settings. 

The Mini-Lab main target settings for deployment are low resource areas (e.g. little 
availability of skilled HR- mostly laboratory technicians- , scarcity of supply, unfriendly 
environment, no access to referral lab, etc.), therefore the technical workflow for iden-
tification and AST should take those constraints into consideration and should be 
adapted accordingly[32]. In contexts in which the Mini-Lab is operated, the simplicity 
of the AST system, ease of use, reproducibility of results and feasibility in the hands of 
the “operator” are key to its success. This AST system should be easy to read manually 
or with the use of a simple reading apparatus for accurate and reproducible reading, 
particularly when coupled with an open access “expert” system which, in addition to 
editing reports, can assist in quality assurance, guide users in interpretation; provide 
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interpreted results to clinicians and give an alert when a rare resistance phenotype 
occurs. 

In this chapter, we will start in section 2 by describing the selection, adaptation and 
analytical performance verification of the Mini-Lab AST system. Then in section 3, we 
will explore the selection and in laboratory evaluation of a reading apparatus adapted 
for these panels. The work done in the experimentation described after has been pub-
lished in peer-reviewed journals or presented during the conferences below: 

Section 2: Validation of three MicroScan® Antibiotic Susceptibility Testing (AST) 
plates designed for Low Resource Settings  

-  J. B. Ronat, S. Oueslati, A. Natale, T. Kesteman, W. Elamin, C. Langendorf, L. 
Hardy, Liselotte, O. Vanden-berg, T. Naas, “Validation of three MicroScan ® An-
tibiotic Susceptibility Testing microplates designed for Low Resource Settings 
Principal objective of this study was to verify the accuracy of the MicroScan Con-
clusions Our results indicate that performance of the 3,” in Réunion Interdisci-
plinaire de Chimiothérapie Anti-Infectieuse, 2020, poster presentation, CA-
SFM. 

- J. B. Ronat, S. Oueslati, A. Natale, T. Kesteman, W. Elamin, C. Langendorf, L. 
Hardy, Liselotte, O. Vanden-berg, T. Naas, “Evaluation of the PROMPT inocula-
tion system on the MicroScan® Antibiotic Susceptibility Testing (AST) micro-
plate designed for Low Resource Settings (LRS),” in Réunion Interdisciplinaire 
de Chimiothérapie Anti-Infectieuse, 2020, poster presentation, CA-SFM. 

- J. B. Ronat, S. Oueslati, A. Natale, T. Kesteman, W. Elamin, C. Langendorf, L. 
Hardy, Liselotte, O. Vandenberg, T. Naas, “Validation of Three MicroScan ® An-
timicrobial Susceptibility Testing Plates Designed for Low ‐ Resource Settings,” 
Diagnostics, vol. 12, no. 2106, 2022, doi: https://doi.org/10.3390/diagnos-
tics12092106. 

Section 3: Evaluation of the BIOMIC Video Reader System for Determining Interpre-
tive Categories of Isolates using Microscan® Antibiotic Susceptibility Testing (AST) mi-
croplate designed for Low Resource Settings 

- J. B. Ronat, S. Oueslati, A. Natale, T. Kesteman, W. Elamin, C. Langendorf, L. 
Hardy, Liselotte, O. Vanden-berg, T. Naas, “Evaluation of the BIOMIC Video 
Reader System for Determining Interpretive Categories of Isolates using Mi-
croscan® Antibiotic Susceptibility Testing (AST) microplate designed for Low 
Resource Settings),” in European Congress on Clinical Microbiology and In-
fectious Diseases, 2020, poster presentation, ESCMID  
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3. Evaluation of the Biomic Video Reader System for Determining 
Interpretive Categories of Isolates using Microscan® Antibiotic 
Susceptibility Testing (AST) microplate designed for Low Resource 
Settings 

3.1. Introduction. 

Timely and accurate AST results are essential but difficult to obtain by inexperienced 
microbiologists or laboratory technicians. Previous experience described in section 2 
of this chapter, supports that the MSF Microscan MIC panels can be read accurately by 
human eyes, however, the experiment was done by expert readers, far from the reality 
of the field where the Mini-Lab is deployed and expert microbiologists are rare. Manual 
reading can be a source of errors especially for non-specialist technicians.  

Thus, to achieve the goal of providing accurate result in the Mini-Lab by trained but 
non-experts in microbiology technicians, an automatic reading system coupled with an 
expert system was investigated. Automated susceptibility testing with the microdilution 
method has been used and described most notably with the Vitek (bioMerieux, Marcy 
l ’étoile, France.) and MicroScan WalkAway (Beckman Coulter, West Sacramento, USA.) 
systems. Potential advantages of automation include standardisation resulting in in-
creased accuracy, more rapid results which may positively affect patient care, technol-
ogist time savings in reading and interpreting results, improved data management, and 
the use of an expert system for automated reviews and verification of the data gener-
ated[130]. However, those automatic readers which incubate and read automatically 
AST MIC panels are quite expensive, heavy and cumbersome, making them difficult to 
transport on unpaved roads and to accommodate on small laboratory benches. There-
fore a smaller, more practical solution was needed for the Mini-Lab set-up. 

Bacteria growth in the well of microbroth dilution panel appears as turbidity, either 
as white cloudiness throughout the well, white spot in the centre of the well, or fine 
grain growth throughout the well. Many AST automatic readers use spectrophotometer 
for the detection of the absorbance as main detection mechanisms. However, since a 
few decades ago, improvements in digital imaging processing has opened up the pos-
sibility to use camera-based reading systems, technology better known to be less ex-
pensive and more robust[131]. 
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We therefore reviewed the market to 
find an existing and customized camera-
based reader with the criteria of being 
robust, affordable, with low energy re-
quirements and accurate. The particular-
ity of the Microscan MIC panel it that the 
size of the plate and arrangement of the 
wells are not standard but a proprietary 
feature, therefore eliminating the possi-
bility to use the mobile phone-based 
micro-plate reader (Figure 40) devel-
oped by UCLA[132], [133]. We therefore 
selected the BIOMIC V3 system (Giles 
Scientific, New York, N.Y.), a semiauto-
matic video-assisted plate reader, com-
posed of an image capture card, a cabi-
net with a video camera, and a software. 
The Biomic video system automatically 
(Figure 41) reads and interprets zone di-

ameter or MIC and reports antimicrobial agent disk diffusion, broth microdilution, agar 
dilution, and antibiotic gradient method susceptibility results [134], [135]. The Biomic 
V3 requires manual loading and unloading of one microplate at a time.  

According to Fader et al., [136] this system 
provides a more standardised turbidity read-
ing of test well end points, while eliminating 
inherent variation between different micro-
biologists. It also saves time related to man-
ual reading and the enlarged screen and im-
age enable to see the turbidity endpoints 
more clearly. Surprisingly, BIOMIC recom-
mends that each plate or MIC panel be re-
viewed before and during video reading by 
an experienced microbiologist skilled in 
reading susceptibility tests. Since in the fields where MSF intervenes on-site skilled mi-
crobiologists are very difficult to find, we scanned for studies describing the difference 
in accuracy between raw automatic reading and interpretation, and the difference 
between automatic adjusted reading and interpretation by expert microbiologists, to 

Figure 40: Schematic overview (A) and different 
perspectives (B-D) of the cell phone based ELISA 
colorimetric reader. Sample images (E), and sample 
plate(F). Rows and columns are labelled in (E) to 
correspond with the plate in (F), UCLA (USA). 

Figure 41: BIiomic Video Reader System, Giles 
Scientific (USA) 
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see if the difference met MSF requirements. Out of five articles found evaluating the 
accuracy of the Biomic V3 [134]–[138], none of them investigated this difference. 
Therefore we decided to evaluate the accuracy of the BIOMIC V3 in reading and 
interpreting the results, automatically and adjusted, from the MSF Microscan MIC 
panels read visually initially by microbiologist experts. 

3.2. Methods 

This evaluation has been done in parallel to the experiment previously described in 
section 2 of this chapter[101] in June 2019, therefore only the specific part of the meth-
odology applied to this experiment will be described in this methodology section. The 
same 387 anonymized clinical isolates were used, either fresh, recently frozen, or from 
stock. 123 Gram-positive strains were tested on the MICPOS1, of which, 60% (74) were 
Staphylococcus spp. isolates and 40% (49) were Enterococcus spp. isolates. 157 Gram-
negative rod isolates were tested on the MICNEG1, of which 72% (112) were Entero-
bacterales and 28% (45) were non-fermenting Gram-negative rods. On the MICFAST1, 
107 fastidious isolates were tested, of which 82% (87) were Streptococcus spp. isolates 
and 18% (20) were Haemophilus influenzae isolates. As per ISO recommendations for 
evaluating the performance of AST [36], at least 25% of the isolates in the entire study 
were from fresh clinical samples. 

3.2.1. Biomic automated systems and visual reading.  

A standard commercially available Biomic V3 microbiology system with the Biomic 
2018 software was purchased from Giles Scientific Inc. This system consisted of the 
standard Biomic V3 reader cabinet containing light-emitting diode (LED), visible light 
with a high-resolution colour digital camera, a personal computer with the Windows 
operating system, and Biomic 2018 clinical microbiology software. Additionally, each 
system included the Biomic automated well reader software module. Customisation of 
the software consisting in developing the three panels layout with the composition of 
the molecules and dilutions tested, was requested to read the MSF Microscan MIC 
panels (MICPOS1, MICNEG1 and MICFAST1). The MSF MIC panels inoculated from the 
evaluation of the MSF Microscan panels were read 16–20 h after incubation. Test panels 
were firstly read visually by two experts then by a third expert using the automated 
Biomic reader. Because of a problem during the experiment (mismanagement of the 
inoculum to be used), for MICPOS1 panels, reading with Biomic was only done on the 
panels inoculated using the PROMPT system, for other panels (MICNEG1 and 
MICFAST1) the panel inoculated using standard Mc Farland method were read. For 
inter-reading variability calculation, laboratory technicians were blinded to each other’s 
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results. If a discrepancy in visual reading was found, a consensus was made among 
readers for the final reading results. Reader using Biomic was able to change status of 
MIC proposed by the system from the picture display on the screen only if it disagreed 
with the proposed reading. All visual results were recorded onto specific bench sheets 
and imported into WHONET version 5.6, [40,41]. Both Biomic software and WHONET 
use the breakpoint table of EUCAST version 9.1 (2019) [33] to interpret the MIC results. 

3.2.2. Ease of Use  

Assessment of the ease of use was done by surveying the operators with a ques-
tionnaire for feedback on each of the components of the system. The readability level 
of the IFU was assessed using Flesch–Kincaid Grade levels (https://www.online-util-
ity.org/english/readability_test_and_improve.jsp; accessed on 20 March 2021) [13]. 

3.2.3. Data Analysis 

Data from the BIOMIC software were extracted to capture, raw and adjusted MIC 
reading, raw and adjusted interpretation, hereafter mentioned as raw automatic MIC 
reading (raMIC), operator adjusted MIC reading (adMIC), raw automatic interpretation 
(raRIS), operator adjusted interpretation (adRIS), together with visual MIC reading 
(viMIC) and visual interpretation (viRIS); All data were transferred under Microsoft Excel 
2019 (version 2110). Statistical analyses were performed in R (version 4.0.2) using RStu-
dio or Microsoft Excel 2019 (version 2110). Categorical agreement (CA), meaning the 
addition of very major errors (VMEs), major errors (MEs), and minor errors (mEs) were 
calculated as described in the ISO 20776:2 2007 standard [35]. CA was determined for 
raRIS, adRIS, viRIS, against referral AST method (previously described in section 2) to 
capture discrepancy toward AST reference method of each reading. They will be named 
hereafter as raCA; adCA and viCA. The acceptance criteria for this study were the same 
than previously described [35]: CA ≥ 90%; ME ≤ 3%, VME ≤ 3%. The essential agree-
ment (EA), MIC reading method is equal to or within +/- 1 dilution of the MIC reference 
result, was calculated between raMIC and viMIC or between adMIC and viMIC, the last 
one being the MIC reference result. For inter-observer agreement, measure of the reli-
ability of reading the MIC by a reading method (raMIC or adMIC) against the viMIC, 
was done using the calculation of Cohen’s kappa (CK) coefficient [42]. A CK > 0.8 was 
considered as a very good agreement; 0.6 < CK ≤0.8 as a good agreement; 0.4 < CK 
≤0.6 as a moderate agreement; 0.2 < CK ≤ 0.4 as a fair agreement; and CK ≤ 0.2 as 
poor agreement.. 
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3.3. Results 

3.3.1. MSF Gram-Pos panel reading methods results 

Individual antimicrobial results are presented in Table 8 for Staphylococcus spp. and 
Enterococcus spp. For Category Agreement between the AST reference interpretation 
results and reading methods of the MICPOS1 panel, CA strictly below 90% was ob-
served out of 20 molecules tested for four molecules (20%) with viRIS, five mole-
cules(25%) with adRIS and by four molecules (20%) with raRIS. EA strictly below 90% 
was observed out of 20 molecules tested for 12 molecules (60%) with adMIC and by 
13 molecules (65%) with raMIC. Overall, raCA is higher than viCA and adCA with re-
spectively 94,5%, 93.1% and 91.4%. In general, for the MICPOS1 panel, adjusted and 
raw automatic MIC reading agreement against visual MIC reading is classified as good 
agreement with a CK of 0.75 and 0.82 respectively. 

Table 8: Results of reading methods for Staphylococcus spp. and Enterococcus spp. using MICPOS1 
panel 

  Category agreement Essential agreement MIC Agreement 

Antimicrobial na viCAb 
[%] 

adCAc 
 [%] 

raCAd 
 [%] 

adEAe 
 [%] 

raEAf 
 [%] adCKg  raCKh  

Penicillin 63 100 98 100 91 90 0.7 0.95 
Ampicillin  123 96 96 96 87 86 0.72 0.76 
Cefoxitin screen  74 99 99 99 92 92 0.98 0.95 
Ciprofloxacin 49 94 87 94 80 81 0.76 0.89 
Amikacin 123 78 65 84 78 76 0.73 0.78 
Gentamicin  123 91 93 100 89 87 0.87 0.92 
Gentamicin (high level) 49 92 96 96 92 92 0.6 0.9 
Teicoplanin 123 98 93 98 90 89 0.86 0.79 
Vancomycin 123 97 100 100 92 86 0.82 1 
Quinupristin-Dalfopristine 123 91 92 93 92 91 0.9 0.93 
Erythromycin 74 88 88 87 84 85 0.78 0.97 
Clindamycin 74 97 97 97 91 90 0.96 0.99 
Inducible clindamycin resistance 74 99 100 100 92 92 0.98 0.96 
Daptomycin 74 96 96 100 89 88 0.89 0.37 
Fosfomycin 74 81 77 76 85 81 0.45 0.63 
Trimethoprim/Sulfamethoxazole 74 81 77 81 83 77 0.68 0.62 
Linezolid 123 97 96 100 79 74 0.42 0.37 
Tetracycline 74 97 93 97 88 89 0.89 0.94 
Tigecycline 123 96 93 98 84 85 0.18 0.82 

Average panel tested  93,1 91,4 94,5 87,3 85,8 0,75 0,82 
a Number of isolates tested with the reference method and classified as R resistant; I, susceptible, increased exposure; S, suscepti-
ble.; b viCA, Category Agreement between visual reading of the MSF Microscan panel and the AST reference method.; c adCA, 
Category Agreement between operator adjusted automatic reading of the MSF Microscan panel and the AST reference method.; 
d raCA, Category Agreement between raw automatic reading of the MSF Microscan panel and the AST reference method.; e adEA, 
Essential Agreement between operator adjusted automatic MIC reading and the visual MIC reading of the MSF Microscan panel.; 
f raEA, Essential Agreement between raw automatic MIC reading and the visual MIC reading of the MSF Microscan panel.; g adCK, 
Cohen Kappa between operator adjusted automatic MIC reading and the visual MIC reading of the MSF Microscan panel.; h raCK, 
Cohen Kappa between raw automatic MIC reading and the visual MIC reading of the MSF Microscan panel.; 
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3.3.1. MSF Gram-Neg panel reading methods results 

Individual antimicrobial results are presented in Table 9 for Enterobacterales and 
Non-fermenting gram-negative bacilli. For Category Agreement between the AST ref-
erence interpretation results and reading methods of the MICNEG1 panel, CA strictly 
below 90% was observed out of 16 molecules tested only for three molecules (5%) with 
raRIS. We observed a low CA for tigecycline(16%), imipenem (60%), piperacillin-tazo-
bactam with raRIS. EA strictly below 90% was observed out of 16 molecules tested for 
only two (8%) molecules (ciprofloxacin and ertapenem) with adMIC and by 7 molecules 
(65%) with raMIC. Overall, raCA is higher than viCA and adCA with respectively 94,5%, 
93.1% and 91.4%. In general, for the MICNEG1 panel, adjusted and raw automatic MIC 
reading agreement against visual MIC reading is classified as good agreement with a 
CK of 0.89 and 0.75 respectively. 

Table 9: Results of reading methods for Enterobacterales and Non-fermenting gram-negative bacilli. 
using MICNEG1 panel 

  Category agreement Essential agreement MIC Agreement 

Antimicrobial na viCAb [%] 
adCAc 
 [%] 

raCAd 
 [%] 

adEAe 
 [%] 

raEAf 
 [%] adCKg  raCKh  

Ampicillin  112 100 100 99 100 99 0.93 0.88 
Amoxicillin/Clavulanic Acid  112 98 99 99 99 99 0.98 0.94 
Ceftazidime  127 96 95 93 100 98 0.98 0.88 
Ceftriaxone 112 99 98 97 96 92 0.95 0.88 
Piperacillin/Tazobactam 127 96 95 71 97 68 0.96 0.59 
Ciprofloxacin 141 93 93 92 78 82 0.89 0.92 
Amikacin 141 95 95 96 99 66 0.98 0.96 
Gentamicin  141 94 95 94 92 99 0.91 0.97 
Trimethoprim/Sulfamethoxazole 142 96 97 95 99 93 0.98 0.89 
Chloramphenicol 121 97 98 92 96 91 0.94 0.85 
Colistin  127 97 98 96 94 93 0.89 0.87 
Fosfomycin  112 99 98 96 95 93 0.85 0.79 
Tigecycline 112 100 100 16 99 47 0.97 0.37 
Meropenem 157 93 94 93 90 54 0.57 0.45 
Imipenem 141 92 92 60 96 71 0.92 0.36 
Ertapenem 112 99 99 97 85 81 0.51 0.4 

Average panel tested  96,5 96,6 86,6 94,7 82,9 0,89 0,75 
a Number of isolates tested with the reference method and classified as R resistant; I, susceptible, increased exposure; S, suscepti-
ble.; b viCA, Category Agreement between visual reading of the MSF Microscan panel and the AST reference method.; c adCA, 
Category Agreement between operator adjusted automatic reading of the MSF Microscan panel and the AST reference method.; 
d raCA, Category Agreement between raw automatic reading of the MSF Microscan panel and the AST reference method.; e adEA, 
Essential Agreement between operator adjusted automatic MIC reading and the visual MIC reading of the MSF Microscan panel.; 
f raEA, Essential Agreement between raw automatic MIC reading and the visual MIC reading of the MSF Microscan panel.; g adCK, 
Cohen Kappa between operator adjusted automatic MIC reading and the visual MIC reading of the MSF Microscan panel.; h raCK, 
Cohen Kappa between raw automatic MIC reading and the visual MIC reading of the MSF Microscan panel.; 
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3.3.1. MSF Gram-FAST panel reading methods results 

Individual antimicrobial results are presented in Table 10 for Haemophilus spp. and 
Streptococcus spp. For Category Agreement between the AST reference interpretation 
results and reading methods of the MICFAST1 panel, no CA strictly below 90% was 
observed. Out of 11 molecules tested, we found that EA below 90% was observed for 
all molecules MIC read by both methods against the visual MIC reading. Overall, viCA 
is slightly higher than adCA and raCA with respectively 98.5%, 96.9% and 96.9%. In 
general, for the MICFAST1 panel, adjusted and raw automatic MIC reading agreement 
against visual MIC reading is classified as moderate agreement with a CK of 0.69 and 
0.52 respectively. 

Table 10: Results of reading methods for fastidious organisms (Haemophilus spp., Streptococcus spp.) 
using MICFAST1 panel 

  Category agreement Essential agreement MIC Agreement 

Antimicrobial na viCAb 
[%] 

adCAc 
 [%] 

raCAd 
 [%] 

adEAe 
 [%] 

raEAf 
 [%] adCKg  raCKh  

Penicillin  53 97 98 94 68 67 0.81 0.33 
Meropenem  73 100 100 99 72 72 0.92 0.85 
Ceftriaxone  20 100 100 99 70 70 0.48 0.46 
Ampicillin  107 100 100 94 72 63 0.77 0.4 
Ciprofloxacin 20 100 100 100 72 70 0.8 0.8 
Levofloxacin  83 99 99 99 73 73 0.3 0.27 
Vancomycin 87 99 99 99 76 74 0.27 0.33 
Clindamycin 87 92 91 90 75 69 0.92 0.52 
Trimethoprim/Sulfamethoxazole 107 96 96 95 72 54 0.84 0.43 
Chloramphenicol 107 100 99 99 75 75 0.71 0.52 
Linezolid  63 100 100 98 75 75 0.81 0.79 

Average panel tested  98,5 98,4 96,9 72,7 69,3 0,69 0,52 
a Number of isolates tested with the reference method and classified as R resistant; I, susceptible, increased exposure; S, suscepti-
ble.; b viCA, Category Agreement between visual reading of the MSF Microscan panel and the AST reference method.; c adCA, 
Category Agreement between operator adjusted automatic reading of the MSF Microscan panel and the AST reference method.; 
d raCA, Category Agreement between raw automatic reading of the MSF Microscan panel and the AST reference method.; e adEA, 
Essential Agreement between operator adjusted automatic MIC reading and the visual MIC reading of the MSF Microscan panel.; 
f raEA, Essential Agreement between raw automatic MIC reading and the visual MIC reading of the MSF Microscan panel.; g adCK, 
Cohen Kappa between operator adjusted automatic MIC reading and the visual MIC reading of the MSF Microscan panel.; h raCK, 
Cohen Kappa between raw automatic MIC reading and the visual MIC reading of the MSF Microscan panel. 

3.3.2. Ease of Use 

The use of Biomic to load and unload MIC Microscan panel was highly appreciated 
by the users. However the use of the software was described as not so easy to use by 
the three operators, all of them mentioned the difficulties in navigating among the 
different features of the software to find the most adequate process to read the plate. 
It was noticed that all operators appreciated that user instructions were available on 
video formats as well as reading format. The Flesch–Kincaid grade levels (FKGL) of the 
Biomic written IFU were nine each. FKGL refers to US grade levels (i.e., years of 
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schooling) necessary to understand the text. The FKGL of the video IFU droped to six. 
Overall, the Biomic V3 was proposed with the price of 25000 euros for the reader and 
with a service contract covering 5 years of maintenance and software update-improve-
ment for 5000 euros. 

  
a b 

Figure 42: Photo of the MICNEG1 panel reading by: (a) picture extract taken by Biomic V3 picture in the 
internal cabinet; (b) microplate viewer box by JP Selecta, used for visual reading with interchangeable 
background (black to white) [26], Mini-Lab (France) 

The packaging of the received Biomic V3 was of very good quality, within sturdy 
cardboard boxes, filled with polystyrene protection, fit for difficult transport conditions 
in LRS. At the time of assembling the Biomic, connecting all the instruments to the 
Biomic cabinet (screen, computer, bar code reader, AC charger, etc.) is easy with the 
user instruction provided, composed of pictures and schemas.  

3.4. Discussion 

3.4.1. Inter-reading agreement 

While we found large discrepancies between reading MIC by the automatic system 
or adjusted by an operator against visual reading of the MICNEG1 and MICFAST1, this 
does not always affect the performance of the final automatic interpretation. For in-
stance, EA is below 72% for both types of Biomic reading with MICFAST 1 but category 
agreement is above 97% for both types of reading too. While automatic interpretation 
slightly outperforms visual reading against AST referral method, 93.5% and 94.1% re-
spectively, with MICPOS1, it underperforms visual and adjusted interpretation with CA 
of 86.6%, 96.5% and 96.5% respectively with MICNEG1. 

We noticed that for MICNEG1 panels not all molecules underperformed with auto-
matic reading. While automatic reading of piperacillin-tazobactam, tigecycline and 
imipenem underperformed other types of reading interpretation, with CA of 71%, 16% 
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and 60% respectively, with comparable low EA of 68%, 47% and 71% respectively, 
meropenem was found to have an EA of 54% but with CA of 93%, comparable to the 
CA of visual reading for this molecule. It was noticed by the operator that for those 
mentioned molecules often they required to change the MIC interpretation manually 
as the automatic system was often not targeting the last well with growth. They men-
tioned as well that for the MICFAST1, the Biomic systematically had difficulties to find 
the MIC for penicillin, ceftriaxone, ampicillin, levofloxacin and vancomycin proposing 
lower MIC than expected, therefore increasing the possibility to underestimate re-
sistance results. However, this does not impact the results as suggested by the results. 

Despite some difficulties in using the Biomic software, it was noted by the operator 
that an interesting capability of the Biomic instrument is the ability of the microbiolo-
gist to see all tests well results on a video screen, to make interpretive adjustments as 
needed, and to save test panel images for supervisory review at a later time or for tele-
microbiology purpose[113], [114].  

3.4.1. Ease of use 

Regarding the ease-of-use, operator feedback on their experience was positive re-
garding the hardware (screen, drawers to insert the MIC panel, etc.); setup does not 
require multiple steps to be installed. All equipment and the Biomic itself look robust 
to be transported on a bumpy road, especially with the protection provided within the 
packaging. However, user feedback was mixed when it comes to the software and in-
terface use. Biomic software is built on old technology (mysql) and user experienced is 
different from what we can today expect from such device. Although the language used 
in documents may be at a slightly higher level, Flesch–Kincaid levels below six are de-
sirable for IFU [55,56] but video instruction makes process understanding easiest.  

3.4.2. Strengths and Limitations of the Study  

To our knowledge this evaluation is the first evaluating the difference of reading 
performance between fully automatic and operator adjusted reading and interpreta-
tion capacity of the Biomic V3[134]–[138]. There are several limitations to the verifica-
tion of the reading agreement; firstly, we have not been able to evaluate Biomic types 
of readings using the same inoculation method for all MSF MIC panels, due to an inci-
dent in the study process we had to read the MICPOS1 panels inoculated by PROMPT 
method. Also, because we did not have access to Biosafety Level-3 (BSL-3) facilities, we 
could not test pathogens such as Burkholderia pseudomallei. Furthermore, comparing 
disc diffusion to MIC values is by itself a limitation of this study, but otherwise would 
have not been financially possible. 
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3.5. Conclusion 

While it is clear that the Biomic hardware is simple, easy to use, robust, the software 
use would take time and some training to get used to. In parallel, our results suggest 
that it is difficult to conclude that automatic reading is at the same level as the visual 
reading with expert users, results varied from one panel to another, from a molecule 
to another and we did not find clear pattern of errors that could explain these fluctua-
tions (e.g. different growth according to the bacteria or the molecules). While it is clear 
that Biomic automatic or adjusted reading is not superior to visual reading, in the hands 
of an expert microbiologist, however on the fields of MSF intervention, where skills 
resources are scarce; automatic reading might provide advantages or disadvantages 
for final results as it is clear that the operator might be willing to change interpretation 
based on the picture provided. This experience should be repeated on field conditions 
with the final intended users to understand the extent of the Biomic value in compari-
son to its price. 
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Chapter 4- Does a Simplified Clinical Bacteriology Laboratory 
Provide Quality and Value? 

1.  Introduction 

Key milestones within the development pathway for an innovative diagnostic ap-
proach for infectious diseases, is being able to demonstrate at the site of intended use, 
with the intended population for testing that the diagnostic is robust, easy-to-use and 
meets all performance requirements. 

Prior to evaluating the Mini-Lab as a whole, and under real-use conditions, given the 
complexity of the concept, it was decided to first “verify” the “basic” operative version 
of the laboratory, the first Mini-Lab prototype, in a controlled environment and in a 
modern European laboratory. Then to determine in a field setting whether the proce-
dures were suitable, simple, and easily reproducible by laboratory technicians with ad 
hoc training who did not have specific prior microbiology skills. Finally, to verify in real 
use conditions and on clinical specimens to determine the accuracy of the Mini-Lab 
results, its ease of use and the impact of results to treatment decisions. Each of these 
steps helped to identify potential improvements to usability, robustness, and perfor-
mance.  

In this chapter the outcome of the initial verification study is discussed. The valida-
tion of the procedures for the Mini-Lab prototype version 1 is presented, via a field 
evaluation in an MSF Haiti hospital (Port au Prince, Haiti), without integration into pa-
tient care. Finally, the evaluation of the Mini-Lab prototype version 2 is described where 
results were integrated into care management decisions within the MSF Carnot hospital 
(Carnot, Central African Republic). Prototype iteration will be described, focusing on 
the main improvements. 

The work done in the evaluations have been published in peer-reviewed journals or 
presented at conferences as outlined below: 

 
- A. Natale, J-B. Ronat, A. Mazoyer, A. Rochard, B. Boillot, J. Hubert, B. Baillet, M. 

Ducasse, F. Mantelet, S. Oueslati, S. Ombelet, C. Langendorf, T. Naas, O.  Van-
denberg, J. Jacobs,  “The Mini-Lab: accessible clinical bacteriology for low-re-
source settings”, The Lancet Microbe, 2020 1,2,e56-e58, 

- J-B. Ronat, A. Natale, T. Kesteman, A. Andremont, W. Elamin, L. Hardy, R. Ka-
napathipillai, J. Michel, C. Langendorf, O. Vandenberg, T. Naas,*, F. Kouassi,*; 
“AMR in low-resource settings: Médecins Sans Frontières bridges surveillance 
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gaps by developing a turnkey solution, the Mini-Lab,” Clin. Microbiol. Infect., 
vol. 27, no. 10, pp. 1414–1421, 2021, doi: 10.1016/j.cmi.2021.04.015. 

- J-B. Ronat, “Development of an all-in-one transportable clinical bacteriology 
laboratory: feedback from testing the Mini-Lab prototype in Haiti”, MSF Scien-
tific day, 16 Aug 2021, Online, oral presentation 

- J-B. Ronat, « Development of an all-in-one transportable clinical bacteriology 
laboratory: feedback from testing the Mini-Lab prototype in Haiti”, Congress of 
the African Society of Laboratory Medicine,24 Nov 2021, Online, oral presen-
tation 

- J-B. Ronat, “Early results of the Mini-Lab field evaluation, an all-in-one trans-
portable clinical bacteriology laboratory for low-resource settings”, European 
Congress on Clinical Microbiology and Infectious Diseases, 29 April 2022, 
Portugal, oral presentations 
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2. Field Evaluation of Performances of the Mini-Lab – Port-au-Prince Burn 
Hospital, Haiti 

2.1. Introduction and background 

During one week from the 4th of February to the 8th 
of February 2019, in Saint-Pierre Laboratory University 
Hospital (LHUB-ULB) in Brussels (Belgium), the complete 
Mini-Lab workflow was verified in a controlled environ-
ment. LHUB-ULB represented an ideal site for its space 
availability, and proximity to a fully equipped microbiol-
ogy laboratory, availability of experts on site; and all the 
comforts of a high resource setting. This allowed the 
Mini-Lab and its components to be tested without diffi-
culties (Figure 43). The first step of the study was the ver-
ification of the installation procedure of the box benches 
modules (version made of plastic sheet boiling assembly). 
This was undertaken by 2 lab technicians, with the assis-
tance of the Mini-Lab team. It was to verify that all of the 
components were present for a correct assembly (“Tetris 
system” tested before with logistics for the arrangement 
of each equipment packed into the box benches ready to 
be transported) and to ensure that the instruction manual 
was adequate. The contribution given by the “inexperi-
enced eyes” of the lab technicians was very important for 
improvements to the instruction manual. It was also 
found that the process was quite cumbersome as the 
“boxes” were quite heavy, but in total it took less than a 
day to set up the full Mini-Lab, showing the potential of 
the Mini-Lab to be assembled and be fully functional in 
a short period of time.  

A second aspect tested was the general comfort of the 
laboratory, including lighting and space. The choice of 
the light on the manipulation bench has been a point of 
high interest during the design for its critical role in en-
suring that the operator works in an adequately illuminated and safe space[139]. In this 
study the choice of the lights, module function and distribution in space was 

Figure 43: Photo taken during 
the MVP testing in February 
2019. From top to down, all 
modules in closed position, 
opening of a module, Tetris like 
assembly in a module, module 
assembled, laboratory 
technician working on a module, 
Mini-Lab (France) 
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considered good for the work benches. The main point of concern in terms of comfort 
was the available space, in particular on two of the work benches, module 3 (sample 
process) and module 5 (test readings). With 2 lab technicians working full time in such 
a space, workflow organisation and daily task management becomes essential. It ap-
peared clear that this was an area for improvement for the next development iteration 
of the Mini-Lab.  

During the verification of the analytical workflows, some critical steps were high-
lighted. Firstly, the Pre-ID system at that time was methylene blue staining, aminopep-
tidase, catalase, and oxidase tests with results interpreted based upon a printed deci-
sion trees to provide classification. While the process provided appropriate results in 
terms of bacterial group recognition three main problems were highlighted. The prob-
lems are described as follows together with the approach to mitigate them:  

• The methylene blue staining is not easy to interpret, plus some experience in using 
a microscope was required. A decision was made to focus on improving the training 
for use of the microscope and reading of the slides plus the use of an atlas of bac-
terial shapes as part of training and as a bench aid. 

• The aminopeptidase test cannot be performed on the same day as the methylene 
blue staining, because of the difficulty (and inaccuracy of results) of recovering col-
onies from the blood culture agar slant. As this test can be performed only from 
colonies from the subcultures, it causes a delay in reporting Gram results (interme-
diate results). Some alternative strategies were then taken into consideration, such 
as the use of a bacterial culture pellet or performance of the test after subcultures 
with shorter incubation time (4-6hrs). In addition, a guide for reporting intermediate 
results to clinicians has been planned.  

• There was no test to discriminate at an earlier stage between possible contaminants 
(coagulase-negative Staphylococci, CNS) and pathogens, important for the appro-
priate reporting of results, lowering costs and timeliness in the  request of an addi-
tional blood culture. A market review was performed and a decision to incorporate 
the coagulase tests was made.  

Secondly, the automated reader (Biomic V3, Gilles Scientifique, Santa Barbara, USA) 
for the ID panels gave discordant results, for some very common species. The manu-
facturer was contacted and work on the database was performed by the manufacturer. 
The update of the database was supposed to reduce these kinds of errors. Manual 
reading of the panels was considered easy by the lab technicians, although for the ID 
panels it was highlighted that there was a difficulty in distinguishing the colours of the 
reactions. This was in agreement with previous experiences and with early results of 
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the validation studies performed at ITM and led to the development of colour-coded 
bench aids (Annex 11 and 12) 

The following were confirmed for ease-of-use and safety during this study by both 
the lab technicians and external experts: 

• sub-culturing system, 

• inoculation system,  

• dehydrated ID and AST panels,  

• light box for blood culture reading,  

• incubators 

• autoclave, 

• first mock-up of the LIMS system onto a non-code open-source platform (Joget, 
Columbia, USA),  

 In this version of the Mini-Lab, the mock-up LIMS was only integrating for sample 
workflow and data management. It was important to consider that one of the biases of 
this exercise was the experience of the lab technician, which was probably much higher 
than of lab technicians often recruited in field conditions in LRSs. Also, their viewpoints 
could have been influenced towards positivity by their enthusiasm in participating in 
this study and their wish to not disappoint. 

After a few months to incorporate changes and improvement, the evaluation of the 
Mini-Lab version 1 was initiated. This evaluation was of the Mini-Lab as a whole, under 
real-use conditions with clinical and simulated samples. The purpose of the evaluation 
was to; (i) assess the usability of the Mini-Lab in field conditions, to (ii) describe the 
ease-of use of each analytical component and functional pre-analytical steps of the 
Mini-Lab (iii) describe the ease of compliance by the lab technicians with the SOPs 
of the analytical phase (BCB reading, pre-ID, ID, AST), (iv) to evaluate the inter-oper-
ator agreement on each analytical component between 2 different laboratory techni-
cians reading the results from the same sample, (v) to evaluate visual reading of ID and 
AST compared to automated reading, and (vi) to evaluate the agreement and accu-
racy of each analytical component (pre-ID, ID and AST) of the Mini-Lab compared to 
reference methods generated in a European Union (EU) reference laboratory. The clin-
ical specimens analysed in the Mini-Lab during the field evaluation were not used for 
clinical management decisions, but only to assess the performance and accuracy of the 
Mini-Lab results. 



 

RESULTS – CHAPTER 4 
 

 

174 
 

2.2. Methods 

2.2.1. Study design and study site 

The study was prospective and was a descriptive field evaluation of the first Mini-
Lab prototype. This evaluation took place at MSF's Drouillard Hospital (Burn Unit) in 
Port-au-Prince, Haiti, opened since 2015 (Figure 44). There are 40 inpatient beds, in-
cluding 10 in the Intensive Care Unit (ICU). With between 1,000 and 1,500 emergency 
admissions per year, Drouillard is the primary referral centre for severe burn victims in 
Haiti. Drouillard Hospital was also one of the pilot projects for the antibiotic steward-
ship program implemented in 2017. Microbiology tests in Drouillard hospital are out-
sourced to the clinical service of Gheskio Centre. 

2.2.2. Study participants and samples 

The evaluation of the Mini-Lab was conducted among:  

1 Laboratory technicians having a certificate 
and prior work experience, having attended 
the training for the Mini-Lab implementation 
or trained later for integration into the Mini-
Lab team, hired by MSF to work full-time and 
work throughout the whole period of the 
evaluation, and fulfilling all eligibility criteria.  

2 Blood samples (one extra BCB compared to 
the routine) collected from hospitalised indi-
viduals (≥ 1 year of age), presenting with a 
suspicion of bloodstream infection and for 
whom the clinician had prescribed a blood culture according to an algorithm cur-
rently in place and whose parent(s) or guardian(s) had consented in writing to par-
ticipation in the study.  

3 Blind spiked blood cultures with clinical strains provided by Bicêtre and prepared 
blindly by the microbiologist onsite (containing or not-containing clinical strains of 
bacteria).  

2.2.3. Specimen collection and transfer to the Mini-Lab 

For each individual enrolled, a blood culture sample was collected in the burns unit 
by a nurse trained in BCB collection (20 ml for adults and 5-10 ml for children). The 
bottles for the study (Autobio© biphasic) were sent to the Mini-Lab within a maximum 

Figure 44: Photo of the emergency 
entrance of the MSF Burn centre, 
Drouillard, Haiti; © Lunos Saint Brave / 
MSF 
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of 30 minutes post collection. Once the BCB arrived in the Mini-Lab, it was handled by 
the Mini-Lab technicians according to the SOP. 

2.2.4. Storage of Bacterial Isolates and Strain Transfer 

Each bacterial isolate (from the first subculture containing colonies) was stored in 
triplicate in a cryovial with microbeads and cryopreservation solution (MicrobankTM, 
Pro-Lab Diagnostics) at -20°C until it was prepared for shipment to the reference la-
boratory in Europe. All bacterial strains isolated in the Mini-Lab were shipped to the 
Bicêtre, Bicêtre teaching university hospital, Paris, France. Bacterial strains for the prep-
aration of simulated samples in the Mini-Lab were selected and prepared in the Bicêtre 
and shipped in dry ice (-80°C) to the Mini-Lab. These strains were pre-labelled with a 
unique number. The list of organisms was not known to any person working at the 
Mini-Lab Haiti site. Therefore, the analyses were done in a blinded manner. 

2.2.5. Data Collection 

Daily, the study assistant, registered all individuals with blood cultures received in 
the Mini-Lab during the study period, and evaluated their eligibility. 

Data generated by the Mini-Lab regarding blood culture samples and bacteriologi-
cal results were entered into a pseudonymized, secured, password-protected database 
by the Mini-Lab-LIMS (designed on the joget.org platform). Data regarding Mini-Lab 
usability was collected via dedicated questionnaires and then entered into REDCap by 
a study co-investigator. All gram staining, subcultures and ID/AST plates were photo-
graphed and classified in Sharepoint. The bacteriological results were not made avail-
able to clinicians but were recorded on a LIMS mock-up form. 

To assess the inter-operator agreement, each reading of ID and AST was per-
formed blindly by two laboratory technicians and by the on-site microbiologist. 

To assess if the analytical procedures were executed in accordance with the corre-
sponding SOPs, test of compliance to SOPs were carried out. A checklist evaluating 
each detailed step of an analytical procedure was completed by the supervisor by ob-
serving the laboratory technicians without making any comments to the technicians 
and allowed to calculate a score. This assessment was completed after each training in 
September and December of 2019. 

To evaluate the ease-of use of each component of the Mini-Lab, a self-administered 
user experience questionnaire, using an Osgood scale/Likert-type scale was used. Ease 
of use included: the ease of sample reception procedure, ease of test procedures, ease 
of interpretation, ease of reporting test results and ease of quality control. The 
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questionnaire was administered after the initial training (in September 2019), after the 
retraining in December 2019 and then in April and June of 2020. 

Competency testing on key analytical, pre- and post-analytical steps were also reg-
ularly conducted to assess potential improvements in testing and procedures. Direct 
observation of the routine work processes and procedures by the supervisor using a 
checklist was utilised to calculate a proficiency score multiple times during the study, 
after the initial training (in September 2019), after the retraining in December 2019, 
and then in April and June 2020. 

2.2.6. Laboratory Analysis in the Reference Laboratory  

At the EU reference laboratory, all bacterial isolates were identified by a reference 
method, utilising MALDI-ToF (Matrix Assisted Laser Desorption Ionisation - Time of 
Flight). AST was performed using the disk diffusion method and E-test or microdilution 
to determine an organism’s MIC according to EUCAST v9 and also by the same method 
as used in the Mini-Lab (Beckman-Coulter) with reading with the Biomic with visual 
adjustment (Table 11). 

 

Table 11: Reference techniques in the reference laboratory 
 Criteria of compari-

son 
Mini-Lab Reference methods  

BC Growth/Non-growth Autobio  Not applicable 

Pre-ID Gram+/- Oxidase + Catalase + Ami-
nopeptidase + Blue Methylene Blue 
staining  

MALDI-TOF (Bruker) 

ID test Bacteria Genus, spe-
cies 

Commercial ID panel (Beck-
man-Coulter) 

MALDI-TOF (Bruker) 

AST MIC Commercial AST panel (Beck-
man-Coulter) 

Reference 1: Commercial AST panels 
(Beckman-Coulter) with adjusted Biomic 
reading Reference 2: Disc diffusion method 
or MIC according to EUCAST v9 recommen-
dations 

 

2.2.7. Data analysis 

Extracts from the pseudonymized mock-up LIMS Joget and Biomic databases 
were analysed with Stata 15 software (College Station, Texas, USA). Descriptive 
data were presented in frequency and percentages. All outcomes collected and 
calculated to answer objectives of this study are described in the Table 11. 
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Table 12: Primary and secondary outcome of the study 

Type of out-
come Primary outcome s 

Ease of use  
 

Ease of sample reception procedures as measured by a questionnaire score (1 ques-
tionnaire/ lab personnel after training, after 3 months and at the end of the study)  

Ease of test procedures and interpretation of analytical components as measured by 
a questionnaire score (1 questionnaire/ lab personnel after training, after 3 months and 
at the end of the study)  

Ease of results sharing procedures as measured by a questionnaire score (1 ques-
tionnaire/ lab personnel after training, after 3 months and at the end of the study)  

Compliance with analytical and post-analytical SOPs (BCB reading, pre-ID, ID, AST, 
result report) as measured by a competency testing score (1 questionnaire/ lab person-
nel after training).  

Incident and near-accident reporting  

Type of out-
come Secondary outcomes  

Agreement and 
accuracy compared 
to reference meth-
ods 

Agreement and misclassification between the visual readings of the 2 laboratory 
technicians: Visual 1 vs. Visual 2 

Agreement and misclassification between the best visual reading by a technician and 
automated reading by Biomic 

Agreement and misclassification between the best visual reading by a technician and 
automated reading corrected (adjusted) by the microbiologist 

Agreement and misclassification between the different readings (visual, automated, 
adjusted) and reference results of the MALDI TOF method in Bicêtre Laboratory 

Agreement and misclassification between the different readings (visual, automated, 
adjusted) and reference results of conventional methods in the reference laboratory, 
Categorical Agreement, Major Error Rate, Very Major Error Rate* 

* The error classification was done according to ISO20776-2: 2007 reference and as previously described in 
Chapter 3, Categorical Agreement: the MIC interpretation (resistant, susceptible, or intermediate or susceptible high 
dosage) is consistent with the reference; Major Error: Result given as resistant instead of susceptible according to 
reference; Very important error: Result given as susceptible instead of resistant according to reference 

2.2.8. Ethical considerations. 

The study was conducted in accordance with the Helsinki Declaration on Ethical Prin-
ciples for Medical Research Involving Human Subjects. After clearance from the Steer-
ing, and Scientific Committees of the Mini-Lab project, the protocol was approved by 
the National Committee of Bioethics (CNB) of Haiti (Ref 1819-60 on 14 Aug 2019) and 
the MSF Ethics Review Board (Ref 1913 on 4 June 2019). Inclusion in the study was 
voluntary and required prior signed informed consent. Participants and participants’ 
parent(s)/caregiver(s) for minors were informed in French or in Creole of the aim of the 
study and eligibility criteria by a trained health assistant. Eligible individuals interested 
in study participation received more detailed information about the study objectives, 
study procedures, and a clear explanation of the risks and benefits of participating in 
the research. 



 

RESULTS – CHAPTER 4 
 

 

178 
 

2.3. Results 

The Mini-Lab prototype V1 was installed into a 
20²m room close to the main hospital building in 
June 2019 by members of the Headquarters’ Mini-
Lab project team with the support of onsite logis-
ticians (Figure 45). An experienced microbiologist 
from the Mini-Lab team was present onsite for the 
duration of the study as the study supervisor. The 
team collected feedback on the deployment 
phases to improve the process, this will not be de-
scribed herein.  

2.3.1. Samples Processed in the Mini-Lab 

The study officially started on September 23, 
2019, but was suspended on September 27, 2019, 
for staff safety reasons. The study resumed on De-
cember 5, 2019, after a one-week refresher for the 
2 laboratory technicians initially trained in Septem-
ber (Figure 46). The study was terminated early on 
June 15, 2020 (instead of late July 2020) due to the 
SARS-CoV-2 pandemic as Drouillard Hospital was 
converted into a COVID centre. The period from 
December 2019 to June 15, 2020, was utilized for 
analysis. 

Sample Analysis: During the study period a total of 103 samples were processed. 
Among them, 30 individuals had blood cultures between December 13 and March 31 
(22 had one blood culture, and 8 had 2 blood cultures several days apart). A total of 38 
blood cultures from individuals were received at the Mini-Lab, of which only 37 were 
analysed due to a major protocol deviation for one sample. Among them 16 were pos-
itive with the organisms describe (Table 13: List of organisms identified in the blood 
cultures of patients included in the study. Due to the low number of organisms col-
lected no further description on population characteristics will be provided. 

  

Figure 45: Deployment of the Mini-Lab 
V1 by the logistician team, Mini-Lab 
(France) 

Figure 46 : Training of the laboratory 
technicians at the Mini-Lab facility, Mini-
Lab (France) 
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Table 13: List of organisms identified in the blood cultures of patients included in the study 

Identified Organisms n 

Klebsiella pneumoniae 4 
Staphylococcus epidermidis 4 
Staphylococcus haemolyticus 2 
Staphylococcus aureus 2 
Acinetobacter lwoffii group 1 
Enterococcus durans/hirae 1 
E.coli 1 
Staphylococcus auricularis 1 
Total 16 

 

Simulated blood cultures: A total of 105 different strains provided by Bicêtre were 
tested with the Mini-Lab between February and June 2020: 46 Gram-negative, 44 
Gram-positive and 15 fastidious organisms. Each strain was used multiple times to pro-
vide a total of 450 blood cultures between February and June 2020 (Table 14 and Table 
15). In parallel with these simulated blood cultures, the microbiologist prepared 2 to 3 
negative blood cultures per day between February and June 2020. They were inocu-
lated with blood without a bacterial strain. A total of 246 negative control blood cul-
tures were tested. Thirty (30) of them were positive due to contamination. 
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Table 14: Number of strains used for simulated blood cultures 

 Number of different strains tested Number of repetitions 

Gram-negative 46 209 

Gram-positive 44 203 

Fastidious organisms 15 38 

Table 15: List of organisms sent from Bicêtre Laboratory (France) to the Mini-Lab in Haiti in February 
2020 

Organisms Number Resistance Profile 

Aerococcus viridans 1  

Citrobacter freundii 2 1 ESBL 

Citrobacter youngae 1  

Enterobacter cloacae 9 3 ESBL - 7 Fluoroquinolones resistant - 5 aminoglycoside resistant 

Escherichia coli 13 2 ESBL - 3 Carbapenem resistant - 9 Fluoroquinolones resistant  

Haemophilus influenzae 6 All Beta-Lactam sensitive 

Klebsiella oxytoca 1  

Klebsiella pneumoniae 13 2 ESBL - 8 Fluoroquinolones resistant - 6 Aminoglycoside resistant 

Morganella morganii 1  

Pseudomonas aeruginosa 1 Ceftazidime resistant 

Salmonella typhimurium 3 All Ampicillin and Amoxicillin-Clavulanate resistant 

Salmonella Paratyphi A 1  

Salmonella cholerasuis 1  

Staphylococcus aureus 25 15 Methicillin resistant 

Staphylococcus epidermidis 11 4 Methicillin resistant 

Staphylococcus haemolyticus 3 3 Methicillin resistant 

Staphylococcus hominis 4 2 Methicillin resistant 

Staphylococcus warneri 1  

Streptococcus agalactiae 1  

Streptococcus anginosus 1  

Streptococcus constellatus 1  

Streptococcus mitis/oralis 1  

Streptococcus pneumoniae 3 2 Ampicillin resistant 

Streptococcus pyogenes 1  

ESBL: Extended Spectrum Beta-lactamases 

2.3.2. Ease of Use and Usability of the Mini-Lab 

At the end of the initial training, the two lab technicians considered all pre-analytical, 
analytical and post-analytical aspects of the Mini-Lab to be easy to use (score > 90%). 
Technician 1 found the reading of blood culture bottles to be complicated after the 
first training, and technician 2 found it complicated after the second training. However, 



 

RESULTS – CHAPTER 4 
 

 

181 
 

blood culture bottle reading was considered to be simple by both technicians 3 months 
later (score > 98%) and until the end of the study (Table 16). 

Table 16: Ease of use score (%) per section of the self-administered questionnaire for 2 laboratory 
technicians (lab tech 1 and lab tech 2) 4 times during the study period 

 Sept-2019 
(After initial 
training) 

Dec-2019 
(after second 
training) 

Apr-2020 Jun-2020 

 Lab tech 
1 

Lab tech 
2 

Lab tech 
1 

Lab tech 
2 

Lab tech 
1 

Lab tech 
2 

Lab tech 
1 

Lab tech 
2 

Mini-Lab Comfort 97 93 100 92 95 97 97 97 

Product Information 100 97 100 100 100 100 100 100 

Sample Receipt 98 92 100 90 93 98 100 98 

Inoculation System  100 93 98 92 93 100 100 97 

Oxidase Test 100 95 97 95 98 100 100 98 

Methylene Blue Test  100 97 98 98 93 100 100 100 

Aminopeptidase Test 98 93 95 93 98 98 100 98 

BCB 75 98 100 68 100 98 99 96 

Subculture-InTray System 98 92 97 92 95 100 98 97 

ID Panel Preparation and Seeding 100 91 100 94 100 96 100 97 

TSA Panel Preparation and Seeding 99 90 100 89 99 96 100 94 

Automated Panel Reading 100 100 100 100 100 92 100 100 

Waste Autoclaving 100 100 100 98 95 97 100 100 

Final Score  97 95 99 92 97 98 99 98 

 

The analytical SOP compliance assessment (BCB, pre-ID, ID, AST reading) of the tech-
nicians by the microbiologist after the initial training, gave very high scores (> 90%) for 
most procedures (Table 17). Both technicians had difficulty preparing inoculum for 
ID/AST panels (score 73%) and reading AST panels (score 89%) after the first training, 
but showed good improvement after the second training in December 2019 with very 
high SOP compliance scores for both activities (97% and 100% respectively). 
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Table 17:  Analytical SOP compliance score (%) assessed by the microbiologist for 2 laboratory 
technicians (lab tech 1 and lab tech 2), twice during the study period 
 

September 2019(after initial training) December 2019 (after second training) 
 

Lab tech 1 Lab tech 2 Lab tech 1 Lab tech 2 

 Score 

(note) 

Score 

(%) 

Score 

(note) 

Score 

(%) 

Score 

(note) 

Score 

(%) 

Score 

(note) 

Score 

(%) 

BCB Incubation and Reading 16/16 100 16/16 100 14/14 100 14/14 100 

Subculture Inoculation  20/20 100 20/20 100 19/20 95 19/20 95 

Subculture Reading 16/16 100 16/16 100 15/16 94 15/16 94 

Methylene Blue Staining and 

Reading 
18/18 100 18/18 100 17/18 94 17/18 94 

AMP Creation 12/13 92 12/13 92 12/13 92 12/13 92 

Oxidase 6/6 100 6/6 100 6/6 100 6/6 100 

Catalase 7/7 100 7/7 100 7/7 100 7/7 100 

Inoculum Preparation for ID/AST 

Panels 
19/26 73 19/26 73 28/29 97 28/29 97 

ID/AST Panel Inoculation 19/20 95 19/20 95 20/20 100 20/20 100 

ID/AST Panel Incubation 15/15 100 15/15 100 15/15 100 15/15 100 

ID Panel Reading 34/36 94 34/36 94 36/36 100 36/36 100 

AST Panel Reading 8/9 89 8/9 89 10/10 100 10/10 100 

Final Score   94.4  94.4  98  98 

 

 

Concerning competency testing, technician 1s’ scores were equal to technician 2 for 
each of the 4 assessments. The fields where the lowest scores were observed for the 4 
assessments concerned: problems of identification, documentation of corrective ac-
tions, and the ability to solve or resolve issues. Competency testing showed a very good 
progression: from 68% to 97% (Figure 47:  Competency testing final score assessed by 
the microbiologist for 2 laboratory technicians 4 times during the study period). 

 
Figure 47:  Competency testing final score assessed by the microbiologist for 2 laboratory technicians 4 
times during the study period 
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Nonconformities as determined by the microbiologist described very rare handling 
errors by the technicians. There was for instance the use of a quality control Enterococ-
cus strain instead of Pneumococcus, which was resolved, and one error in ID and AST 
panel numbering with a transcriptional error with another file (simulated strain). 

2.3.3. Inter-Operator Agreement on BCB Visual Reading 

Agreement on BCB Visual Reading by the laboratory technicians was not performed 
for technical reasons as the first reading could potentially bias the second reading due 
to increasing turbidity in the bottle after the first reading. However, the agreement 
between the BCB visual reading results and the subculture of clinical samples and sim-
ulated samples was studied. The agreement between positive BCB visual reading and 
subculture results was very good. No discrepancies were observed. However, there 
were doubts concerning the visual reading of 5 BCBs (2 clinical BCBs and 3 simulated 
BCBs). In two clinical samples at 24 and 48 hours, the methylene blue revealed no or-
ganism and subculturing was negative. In three simulated BCBs, the methylene blue 
revealed no organism and subculturing was negative. It was determined that use of 
expired blood (i.e. haemolyzed blood to prepare the simulated sample) added confu-
sion to the blood culture visual reading.  

The agreement between negative BCB visual readings (broth and agar) for 7 days 
and the systematic subculture result in D7 showed very good correlation. Among clin-
ical samples, 27 subcultures were made on D6 and 1 was positive at the same time as 
the broth (reading on D7). It was Klebsiella pneumoniae. This clinical sample had re-
ceived cloxacillin prior to sample collection. For negative simulated BCBs, 209 subcul-
tures were made on D6 and one showed a positive reading on the same day as the 
broth (D7), the identified organism was Bacillus and was considered to be a contami-
nant. 

2.3.4. Pre-ID Agreement and Accuracy 

The reference results are gram reaction, oxidase and catalase results based on the 
identification as determined by MALDI ToF in the reference laboratory.  

Methylene Blue 

Methylene blue staining was performed from positive blood cultures broth and not 
from agar. In a comparison analysis with the reference, only strains whose Mini-Lab 
result gave the same bacterial genus as the reference result given by the laboratory in 
France were utilized. Minor and major errors were classified as shown in Table 18. 
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Table 18: Definition of minor and major errors for the interpretation of the results obtained by methylene 
blue staining as part of pre-ID analyses 

Major Errors Minor Errors 

Results Obtained Reference Results Results Obtained Reference Results 

Cocci Bacilli Bacilli Coccobacilli 

Cocci for all organisms 

except Enterococcus faecalis 
Coccobacilli 

Coccobacilli for all organisms 

except non-fermentative 
Bacilli 

Cocci Yeast 
Coccobacilli for Enterococcus 

faecalis 
Cocci 

Yeast Bacilli Cocci in chain Cocci in clusters 

Yeast Coccobacilli   

 

The levels of agreement between both technicians and/or with the supervisor were 
very high, as was the agreement with the reference lab result (Table 19). The techni-
cians' minor and major errors compared to the supervisor's are presented in Table 18. 

Aminopeptidase 

The result obtained in the Mini-Lab was a composite between the reading of both 
laboratory technicians and the supervisor. The agreement with the reference result 
were almost perfect (Table 19), only one error was observed (AMP+ for Staphylococ-
cus) but this could be due to an erroneous data entry. 

Oxidase 

The result obtained in the Mini-Lab was a composite between the reading of both 
laboratory technicians and the supervisor. The agreement with the reference result 
were almost perfect (Table 19), 2 errors were observed: 

- Oxidase+ for Staphylococcus but it could be due to an erroneous data entry 
- Oxidase positive for Enterobacteriaceae in the absence of the supervisor 

Catalase 

The result obtained in the Mini-Lab was a composite between the reading of both 
laboratory technicians and the supervisor. The agreement with the reference result 
were almost perfect (Table 19), only one error was observed (catalase positive for Strep-
tococcus) but it was consistent with the final pre-ID result obtained, which was Staph-
ylococcus. 
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Table 19: Inter-operator agreement and agreement with the reference test result for pre-ID testing of 
the isolated strains of clinical samples or simulated blood cultures 

 
Methylene Blue 

Amino-
peptidase 

Oxidase Catalase 

Agreement 
Correct Result 

Minor 
Error 

Major 
Error 

   

Inter-Operator Agreement (%)    Not 
performed 

Not 
performed 

Not 
performed 

Tech 1 vs. Tech 2 (n=311) 98.7 0.3 1.0    
Tech lab 1 vs. supervisor (n=466) 96.0 1.9 2.1    
Tech lab 2 vs. supervisor (n=311)  95.2 2.9 1.9    
Agreement with Reference       
Supervisor* vs. reference (n=466) 98.9 0.5 0.6 99.8 99.6 99.8 

*In the case of catalase, oxidase and AMP, comparison with reference is made from the consensual results of the 
technicians and the supervisor 

Pre-ID Final Interpretation 

Out of the 466 strains analysed in the Mini-Lab, 457 (98%) gave concordant results 
with the organism identified later by the reference laboratory. However, 9 strains gave 
discrepant pre-ID results versus the final and/or reference identification (Table 20). 

Table 20: List of discrepancies between pre-ID and final identification 
Sample Methylen

e Blue 
AM
P 

Oxi
dase 

Catala
se 

Pre-ID Final 
Interpretation 

Organism Identified in the 
Mini-Lab 

Reference 
Organism 

Simulated Coccobacilli Pos Neg Pos Acinetobacter Klebsiella pneumoniae Klebsiella 
pneumoniae 

Simulated Coccobacilli Pos Neg Pos Acinetobacter Klebsiella pneumoniae Klebsiella 
pneumoniae 

Simulated Coccobacilli Pos Neg Pos Acinetobacter Klebsiella pneumoniae Klebsiella 
pneumoniae 

Simulated Coccobacilli Pos Neg Pos Acinetobacter Klebsiella pneumoniae Klebsiella 
pneumoniae 

Simulated Bacilli Pos Pos Pos Pseudomonas sp. Enterobacter cloacae Enterobacter 
cloacae 

Simulated Bacilli Pos Pos Pos Pseudomonas sp. Haemophilus influenzae Haemophilus 
influenzae 

Simulated Cocci in 
clusters 

Neg Neg Pos Staphylococcus sp., 
Micrococcus sp. 

Staphylococcus hominis Streptococcus 
constellatus 

Simulated Cocci in 
chain 

Neg Neg Neg Streptococcus 
pneumoniae 

Streptococcus mitis/oralis Streptococcus 
mitis/oralis 

Patient Isolated 
Cocci 

Pos Neg Pos Enterobacteriaceae Acinetobacter lwoffii Acinetobacter junii 

Non-Conclusive Results or Difficult Result Interpretation 

Out of 466 strains tested (clinical and simulated), 4 (0.9%) gave temporary non-con-
clusive results following all pre-ID testing. All gave conclusive and consistent results 
after repeat testing. Pre-ID results discrepant with the reference results and giving non-
conclusive results for test interpretation were: (i) 2 x Haemophilus sp. Cocci in chains 
and AMP+, (ii) 1 Enterobacterales: Bacilli, AMP-, Oxidase+, (iii) 1 Streptococcus sp: 
Cocci in chain and AMP+ 
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2.3.5. Agreement and Accuracy of Organism Identification (ID) 

Several comparisons were made to define ID panel agreement and performance: 

For ID testing, result agreement was defined either as absolute agreement (genus + 
species), or agreement with the genus (genus is concordant, but species is different), 
or as group agreement according to clinical relevance (the identified species belongs 
to the same bacteria group according to the Mini-Lab Scientific Committee classifica-
tion of clinical and therapeutic relevance (Annex 16). 

The number of clinical isolated strains is not sufficient to describe ID panel agree-
ments and performances appropriately. Discussion concerning the results will therefore 
focus on the identification of simulated sample strains. However, all results are shown 
in Table 21.  

The Gram-negative panel showed excellent inter-operator agreement between vis-
ual and adjusted readings. Automated reading performance was lower than visual 
reading performance (87% vs. 97%). Notably, automated reading showed Shigella or 
Citrobacter several times instead of E. coli, which explains a 87% agreement with the 
clinical relevance group. 

The identification of Gram-positive bacteria (except for Streptococcus) showed ex-
cellent inter-operator agreement between visual and adjusted readings for the genus 
and the clinical relevance group (100%). Agreement with the reference was very good 
for visual and adjusted readings for the genus and the clinical relevance group (> 95%). 
However, there were many discrepancies concerning Staphylococcus species, which 
explains lower agreement for the genus + species. These discrepancies have no clinical 
and therapeutic impact if they involve coagulase-negative Staphylococcus, but they 
have an important impact if S. aureus is mistaken for coagulase-negative Staphylococ-
cus and vice versa. The introduction of coagulase testing to distinguish S. aureus from 
other Staphylococcus in the new version of the Mini-Lab should reduce this issue in 
the future. 

The identification of fastidious organisms (Neisseria, Haemophilus and Streptococ-
cus), both visually and adjusted readings have shown good agreement at the genus 
level. In most cases, visual or adjusted reading did not specify species (in particular for 
Streptococcus in the Gram-positive panel). Automated reading performances were very 
low (26%) and more than 60% of strains were not identified at all (result obtained 
"Other"). For adjusted reading, discrepancies were observed for the clinical relevance 
groups mainly Streptococcus, (e.g. S. anginosus vs S. pyogenes; S. mutans vs S. angi-
nosus; S. agalactiae vs. S. pneumoniae.)  
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Table 21: Inter-operator agreement and agreement with reference methods for the identification of isolated organisms from simulated or patient samples, 
depending on the type of organism (Neg=Gram-negative; Pos=Gram-positive, except for Streptococcus 

  Simulated Sample Strains Patient Strains 

  Absolute Agreement 
(Genus + Species) 

Agreement 
Genus only Agreement with Clinical Group Absolute Agreement  Agreement 

Genus only Agreement with Clinical Group 
 Neg Pos Fast Neg Pos Fast Neg Pos Fast Neg Pos Neg Pos Neg Pos 
Visual Reading 1 vs. Visual Reading 2                               

n tested 92 108 25 92 108 25 92 108 25 5 3 5 3 5 3 
Agreement (n) 90 96 23 90 108 25 90 108 25 5 3 5 3 5 3 
% Agreement 97.8 88.9 92.0 97.8 100.0 100.0 97.8 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 

Visual Reading 1 vs. Automated Reading            
n tested 118 119 17 118 119 17 118 119 17 3 5 3 5 3 5 

Agreement (n) 110 105 4 110 118 5 113 115 5 1 3 2 4 2 3 
% Agreement 93.2 88.2 23.5 93.2 99.2 29.4 95.8 96.6 29.4 33.3 60.0 66.7 80.0 66.7 60.0 

Visual Reading 1 vs. Adjusted Reading             
n tested 127 125 19 127 125 19 127 125 19 3 5 3 5 3 5 

Agreement (n) 127 118 16 127 125 19 127 125 19 3 5 3 5 3 5 
% Agreement 100.0 94.4 84.2 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 

Automated Reading vs. Adjusted Reading                          
n tested 157 151 23 157 151 23 157 151 23 3 9 3 9 3 9 

Agreement (n) 139 141 5 139 150 6 142 150 5 1 7 2 8 2 7 
% Agreement 88.5 93.4 21.7 88.5 99.3 26.1 90.4 99.3 21.7 33.3 77.8 66.7 88.9 66.7 77.8 

Visual Reading 1 vs. Reference             
n tested 155 163 27 155 163 27 155 163 27 6 6 6 6 6 6 

Agreement (n) 151 139 21 152 162 25 153 155 23 5 4 6 6 6 6 
% Agreement 97.4 85.3 77.8 98.1 99.4 92.6 98.7 95.1 85.2 83.3 66.7 100.0 100.0 100.0 100.0 

Automated Reading vs. Reference             
n tested 157 163 23 157 163 23 157 163 23 3 9 3 9 3 9 

Agreement (n) 137 133 6 137 151 6 137 151 6 1 7 2 8 2 7 
% Agreement 87.3 81.6 26.1 87.3 92.6 26.1 87.3 92.6 26.1 33.3 77.8 66.7 88.9 66.7 77.8 

Adjusted Reading vs. Reference             
n tested 170 162 28 170 162 28 170 162 28 3 9 3 9 3 9 

Agreement (n) 167 143 20 170 162 28 170 162 25 2 7 3 9 3 9 
% Agreement 98.2 88.3 71.4 100.0 100.0 100.0 100.0 100.0 89.3 66.7 77.8 100.0 100.0 100.0 100.0 
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Non-Conclusive Results for ID 
Automated reading with the Biomic was non-conclusive (result = "Other") for several 

simulated samples and in particularly for the fastidious organism panels. 

• Gram-negative ID Panel: 11/157 (7%), E. cloacae, E. coli, K. pneumoniae, K. oxytoca, 
Salmonella spp. 

• Gram-positive ID Panel: 2/153 (1.3%), Coagulase-negative Staphylococcus. 
• FAST ID Panel: 16/26 (62%), H. influenzae, S. pneumoniae, S. pyogenes 

2.3.6. Agreement and Accuracy of Antibiotic Susceptibility Testing  (AST) 

The definition of extended spectrum beta-lactamase (ESBL) and Methicillin-resistant 
Staphylococcus aureus (MRSA) used for the analysis is described in Table 22. 

Table 22: Criteria used for the definition of extended spectrum beta-lactamase (ESBL) and Methicillin-
resistant Staphylococcus aureus (MRSA) from the minimal inhibitory concentration (MIC) results 
according to EUCAST and AST Panel manufacturers (Beckman Coulter) 

Resistance Mechanism Organisms MIC Criteria 

Methicillin-resistant All Staphylococcus spp except S. 
saprophyticus 

CfxS > 4 µg/mL or OXA> 2 µg/mL 

Suspected MRSA Coagulase negative Staphylococcus 
other than S. saprophyticus or S. 
lugdunensis  

CfxS <= 4 µg / mL and OXA = 1 or 2 mg/L 

ESBL Enterobacterales  CTA 16 to > 16 and CTXAC <= 0.5/4 or 
CTZ 4 to > 16 and CCV <= 0.25/4 or 
CTA > 16 and CTXAC = 4/4 

CfxS: Cefoxitine; OXA: Oxacillin; CTA: Cefotaxime; CTXAC: Cefotaxime-Clavulanate; CTZ: Ceftazidime; CCV: 
Ceftazidime-Clavulanate 

2.3.6.1. Antibiotics for Clinical Use 

2.3.6.1.1. Gram-negative AST Panel 

The agreement between the different Gram-negative AST panel readings shows sev-
eral important results (Table 23): (i) very good agreement between technician 1 and 
technician 2 visual readings (between 98 and 100% agreement), (ii) very good agree-
ment between the best technician's visual reading and the supervisor's adjusted read-
ing, except for a few major errors for Colistin (4%), (iii) automated reading by Biomic 
gave low categorical agreements compared with Reference 1 with high rates of major 
errors for piperacillin-tazobactam (10%), colistin (32%) and fosfomycin (20%), (iv) tech-
nician visual readings and the supervisor adjusted reading gave very good categorical 
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agreements compared with Reference 1 and Reference 2, except for amoxicillin-clavu-
lanate, colistin and fosfomycin.  

Table 23: Inter-operator agreement and agreement with reference methods of the results obtained on 
Gram-negative AST panel for antibiotics used in treatments 

Antibiotic AMP AMC CRO CTZ CTA PIT IMI MEM CIP TIG AMI TRS COL FOS* ESBL 

Visual Reading 1 vs. Visual Reading 2 

n tested 93 93 92 95 93 94 96 96 96 32 96 92 94 90 96 
Agreement (n) 91 93 92 94 92 92 94 96 94 32 95 92 91 89 94 

Major Discrepancy (n) 2 0 0 1 0 2 0 0 1 0 1 0 3 1 0 
% Agreement 97.8 100.0 100.0 98.9 98.9 97.9 97.9 100.0 97.9 100.0 99.0 100.0 96.8 98.9 97.9 

Visual Reading 1 vs. Automated Reading  

n tested 116 112 115 119 117 118 120 117 101 36 120 117 121 116 120 
% Categorical Agreement 100.0 98.2 99.1 98.3 100.0 94.9 98.3 100.0 94.1 100.0 96.7 100.0 83.5 80.2 99.2 

% Major Error 0.0 1.8 0.0 0.0 0.0 0.0 0.0 0.0 4.0 0.0 0.0 0.0 1.7 0.9 0.8 
% Very Major Error 0.0 0.0 0.9 0.0 0.0 5.1 0.0 0.0 0.0 0.0 0.0 0.0 14.9 19.0 0.0 

Visual Reading 1 vs. Adjusted Reading  

n tested 126 126 125 129 126 129 130 130 129 38 130 127 130 125 129 
% Categorical Agreement 99.2 100.0 100.0 98.4 99.2 99.2 96.9 100.0 98.4 100.0 100.0 99.2 95.4 99.2 100.0 

% Major Error 0.8 0.0 0.0 0.8 0.0 0.8 0.0 0.0 0.0 0.0 0.0 0.0 3.8 0.8 0.0 
% Very Major Error 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.8 0.0 0.0 0.0 0.8 0.0 0.0 

Visual Reading 1 vs. Reference 1  

n tested 151 151 151 155 151 155 155 155 155 - 155 149 153 149 157 
% Categorical Agreement 98.0 93.4 94.7 88.4 86.1 87.7 87.7 94.2 90.3  89.7 97.3 83.7 81.9 92.4 

% Major Error 0.0 0.7 4.0 3.9 0.0 6.5 0.0 0.0 1.9  1.9 0.0 16.3 8.1 6.4 
% Very Major Error 2.0 6.0 0.0 0.6 0.0 3.2 2.6 0.0 0.0  0.6 0.0 0.0 10.1 1.3 

Automated Reading vs. Reference 1  

n tested 145 141 145 148 154 146 148 145 126 - 148 145 157 154 159 
% Categorical Agreement 97.9 95.0 93.8 91.2 80.5 84.2 87.8 95.9 87.3  90.5 97.2 68.2 74.0 93.7 

% Major Error 0.0 0.7 3.4 4.1 0.0 10.3 0.7 0.0 4.0  0.7 0.0 31.8 20.1 5.7 
% Very Major Error 2.1 4.3 0.0 0.7 0.0 3.4 0.7 0.0 0.0  0.0 0.0 0.0 5.8 0.6 

Adjusted Reading vs. Reference 1  

n tested 167 167 167 170 167 170 170 170 169 - 170 167 170 167 172 
% Categorical Agreement 97.6 94.0 94.0 89.4 84.4 90.0 86.5 95.9 90.5  91.8 97.0 88.8 81.4 93.0 

% Major Error 0.0 0.6 3.0 4.1 0.0 4.7 0.6 0.0 3.0  0.6 0.0 11.2 7.2 7.0 
% Very Major Error 2.4 5.4 0.0 0.0 0.0 3.5 2.4 0.0 0.0  0.6 0.0 0.0 11.4 0.0 

Adjusted Reading vs. Reference 2  

n tested 169 169 168 172 169 172 173 173 171 - 173 170 153 46 173 
% Categorical Agreement 97.6 93.5 96.4 94.8 56.8 93.0 92.5 97.7 90.6  93.1 90.6 85.6 97.8 93.1 

% Major Error 0.0 0.6 3.0 4.1 4.7 6.4 0.6 0.0 4.7  0.6 6.5 12.4 0.0 5.8 
% Very Major Error 2.4 5.9 0.0 0.0 0.0 0.6 0.0 0.0 0.0  0.6 0.0 2.0 2.2 1.2 

Reference 1 vs. Reference 2  

n tested 45 45 45 46 45 46 46 46 46 - 46 45 41 12 46 
% Categorical Agreement 100.0 100.0 97.8 97.8 62.2 93.5 91.3 97.8 95.7  95.7 93.3 97.6 100.0 97.8 

% Major Error 0.0 0.0 0.0 0.0 4.4 4.3 2.2 0.0 2.2  0.0 6.7 0.0 0.0 0.0 
% Very Major Error 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0   0.0 0.0 2.4 0.0 2.2 

*Used only for urinary tract infections 
AMP: ampicillin; AMC: amoxicillin-clavulanate; CRO: ceftriaxone; CTZ: ceftazidime; CTA: cefotaxime; PIT: piperacillin-tazobactam; IMI: imipenem; MEM: meropenem; CIP: ciprofloxacin; TIG: 
tigecycline; AMI: amikacin; TRS: sulfadoxine-pyrimethamine; COL: colistin; FOS: fosfomycin; ESBL: Extended Spectrum Beta-Lactamase. 
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2.3.6.1.2. Gram-positive AST Panel 

Agreement between the different Gram-positive AST panel readings shows several 
important results (Table 24): (i) very good agreement between technician 1 and tech-
nician 2 visual readings (between 97 and 100% agreement), (ii) very good agreement 
between the best technician visual reading and the supervisor adjusted reading (be-
tween 98 and 100%), (iii) automated reading by Biomic gave low categorical agree-
ments compared with Reference 1 with high rates of major errors for cotrimoxazole 
(8%), vancomycin (11%) and fosfomycin (8% of major errors and 10% of very major 
errors); (iv) technicians' visual readings and the supervisor's adjusted reading gave very 
good categorical agreements compared with Reference 1 and Reference 2, except for 
fosfomycin which has a 12% very major error rate; (v) discrepancies in the results of 
oxacillin have no impact on MRSA detection thanks to the use of cefoxitin as alternative 
detection criteria. 
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Table 24: Inter-operator agreement and agreement with reference methods of the results obtained on 
Gram-positive AST panel for antibiotics used in treatments 

Antibiotic PEN OXA TRS CLI VAN TEI TIG TET FOS MRSA 

Visual Reading 1 vs. Visual Reading 2           
n tested 105 104 104 105 106 105 104 104 106 105 

Agreement 105 104 101 102 105 105 104 102 104 105 
Major Discrepancy 0 0 1 1 1 0   0 2   

% Agreement 100.0 100.0 97.1 97.1 99.1 100.0 100.0 98.1 98.1 100.0 
Visual Reading 1 vs. Automated Reading           

n tested 124 123 122 121 124 124 123 121 121 122 
% Categorical Agreement 100.0 91.9 89.3 99.2 91.1 97.6 100.0 97.5 97.5 100.0 

% Major Error 0.0 4.9 0.0 0.0 0.0 1.6 0.0 0.0 0.0 0.0 
% Very Major Error 0.0 3.3 2.5 0.0 8.9 0.8 0.0 0.0 2.5 0.0 

Visual Reading 1 vs. Adjusted Reading           
n tested 130 129 129 127 130 130 129 127 127 129 

% Categorical Agreement 100.0 98.5 99.2 99.2 99.2 99.2 100.0 99.2 98.4 100.0 
% Major Error 0.0 0.0 0.0 0.0 0.8 0.8 0.0 0.0 1.6 0.0 

% Very Major Error 0.0 1.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Visual Reading 1 vs. Reference 1           

n tested 123 162 162 163 163 162 162 162 162 162 
% Categorical Agreement 99.2 86.4 86.4 95.1 96.3 96.3 97.5 96.3 85.2 100.0 

% Major Error 0.8 7.4 3.7 2.5 1.2 3.7 2.5 0.0 3.1 0.0 
% Very Major Error 0.0 6.2 0.6 0.0 2.5 0.0 0.0 1.2 11.7 0.0 

Automated Reading vs. Reference 1           
n tested 119 149 147 149 149 149 149 149 153 151 

% Categorical Agreement 100.0 81.2 85.0 96.0 86.6 97.3 98.0 98.0 81.0 99.3 
% Major Error 0.0 7.4 8.2 2.0 10.7 2.7 2.0 0.7 8.5 0.0 

% Very Major Error 0.0 11.4 0.0 0.0 2.7 0.0 0.0 0.7 10.5 0.7 
Adjusted Reading vs. Reference 1           

n tested 130 162 162 162 162 162 162 162 162 162 
% Categorical Agreement 100.0 84.0 85.8 95.1 97.5 96.9 97.5 96.3 83.3 100.0 

% Major Error 0.0 8.6 3.1 2.5 0.0 3.1 2.5 0.0 4.9 0.0 
% Very Major Error 0.0 7.4 0.6 0.0 2.5 0.0 0.0 1.9 11.7 0.0 

Adjusted Reading vs. Reference 2           
n tested 139 -  170 168 171 171 170 168 170 170 

% Categorical Agreement 98.6   91.2 94.6 99.4 97.1 97.6 98.2 72.9 97.6 
% Major Error 0.0   1.2 2.4 0.0 2.9 2.4 0.0 1.8 2.4 

% Very Major Error 1.4   4.1 0.0 0.6 0.0 0.0 0.0 25.3 0.0 
Reference 1 vs. Reference 2           

n tested 40  - 44 44 44 44 44 44  - 44 
% Categorical Agreement 100.0   93.2 100.0 97.7 100.0 100.0 97.7   97.7 

% Major Error 0.0   2.3 0.0 2.3 0.0 0.0 2.3   2.3 
% Very Major Error 0.0   0.0 0.0 0.0 0.0 0.0 0.0   0.0 

PEN: penicillin; OXA: oxacillin; TRS: sulfadoxine-pyrimethamine; CLI:clindamycin; VAN: vancomycin; TEI: teicoplanin; 
TIG: tigecycline; TET: tetracycline; FOS: fosfomycin; MRSA: methicillin-resistant Staphylococcus aureus 
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2.3.6.1.3. Fastidious Organism AST Panel 

The agreement between the different fastidious organism AST panel readings showed 

several important results (Table 25): (i) very good agreement between technician 1 and 

technician 2 visual readings (between 92 and 100% agreement) except for Levofloxacin 

(86%), but the small number of strains tested does not allow for conclusion (n=7); (ii) 

very good agreement between the best technician's visual reading and the supervisor's 

adjusted reading (100%) except for ceftriaxone, ciprofloxacin and levofloxacin, but the 

small number of strains tested does not allow for conclusion (n < 20); (iii) automated 

reading by Biomic gave good categorical agreement (100%) compared with Reference 

1, high levels of major errors are noted for ceftriaxone (32%) and ciprofloxacin (86%); 

(iv) technicians' visual readings and the supervisor's adjusted reading gave very good 

categorical agreement compared with Reference 1, except for ceftriaxone (88%) and 

levofloxacin (about 70%). The comparison between the supervisor's reading and 

Reference 2 was better (96% categorical agreement). 
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Table 25: Inter-operator agreement and agreement with reference methods of the results obtained on 
fastidious organism AST panel for antibiotics used in treatments 

 PEN AMP CRO CIP CLI VAN LEV* except 
Hi 

Visual Reading 1 vs. Visual Reading 2               
n tested 9 22 22 12 13 13 7 

Agreement 9.0 22.0 22.0 11.0 13.0 13.0 6.0 
Major Discrepancy 0.0 0.0 0.0 1.0 0.0 0.0 1.0 

% Agreement 100.0 100.0 100.0 91.7 100.0 100.0 85.7 
Visual Reading 1 vs. Automated Reading               

n tested 1 17 17 10 8 8 2 
% Categorical Agreement 100.0 100.0 70.6 30.0 100.0 100.0 50.0 

% Major Error 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
% Very Major Error 0.0 0.0 29.4 70.0 0.0 0.0 0.0 

Visual Reading 1 vs. Adjusted Reading               
n tested 1 17 17 10 9 9 4 

% Categorical Agreement 100.0 100.0 94.1 90.0 100.0 100.0 50.0 
% Major Error 0.0 0.0 5.9 10.0 0.0 0.0 0.0 

% Very Major Error 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Visual Reading 1 vs. Reference 1               

n tested 1 22 23 12 13 13 8 
% Categorical Agreement 100.0 100.0 87.0 91.7 100.0 100.0 75.0 

% Major Error 0.0 0.0 8.7 8.3 0.0 0.0 0.0 
% Very Major Error 0.0 0.0 4.3 0.0 0.0 0.0 0.0 

Automated Reading vs. Reference 1               
n tested 1 19 19 14 9 9 2 

% Categorical Agreement 100.0 100.0 68.4 14.3 100.0 100.0 100.0 
% Major Error 0.0 0.0 31.6 85.7 0.0 0.0 0.0 

% Very Major Error 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Adjusted Reading vs. Reference 1               

n tested 1 24 25 14 13 13 7 
% Categorical Agreement 100.0 100.0 88.0 100.0 100.0 100.0 71.4 

% Major Error 0.0 0.0 4.0 0.0 0.0 0.0 0.0 
% Very Major Error 0.0 0.0 8.0 0.0 0.0 0.0 0.0 

Adjusted Reading vs. Reference 2               
n tested 1 22 23 14 13 13 7 

% Categorical Agreement 100.0 100.0 95.7 100.0 100.0 100.0 71.4 
% Major Error 0.0 0.0 4.3 0.0 0.0 0.0 0.0 

% Very Major Error 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Reference 1 vs. Reference 2               

n tested 14 14 14 14 14 14 9 
% Categorical Agreement 100.0 100.0 100.0 100.0 100.0 100.0 100.0 

% Major Error 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
% Very Major Error 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

PEN: penicillin; AMP: ampicillin; CRO: ceftriaxone; CIP: ciprofloxacin; CLI: clindamycin; VAN: vancomycin; LEV: 
levofloxacin (not tested for Haemophilus spp.) 
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2.3.6.2. Antibiotics Used for Surveillance 

Concerning the antibiotics used for ABR surveillance, the results of the different 
readings for the different panels show multiple important results (Table 26): (i) very 
good agreement between technician 1 and technician 2 visual readings (between 96 
and 100% categorical agreement); (ii) very good agreement between the best techni-
cian's visual reading and the supervisor's adjusted reading (between 96 and 100%); (iii) 
automated reading by Biomic gave good categorical agreements (between 86 and 
100%), except for fosfomycin (81%) on the Gram-positive panel and chloramphenicol 
on the fastidious organism panel (29%); (iv) technicians' visual readings and the super-
visor's adjusted reading gave very good categorical agreements compared with Refer-
ence 1 (between 90 and 100%), except for fosfomycin on the Gram-positive panel (12% 
of very major errors). The comparison between the supervisor's reading and Reference 
2 was worse (25% of very major errors) 
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Table 26: Inter-operator agreement and agreement with reference methods of the results obtained on 
Gram-negative, Gram-positive and fastidious organism AST panels for antibiotics used for monitoring 

 Gram-negative Panel Gram-positive Panel Fastidious organism 
Panel 

 ERT CHL GEN CFXS ERT LIN CIP GEN AMI FOS QUD DAP TRS CHL MEM LIN 
Visual Reading 1 vs. Visual Reading 2 

n tested 93 91 96 61 104 105 105 106 104 106 104 104 15 15 22 7 
Major Discrepancy 0 1 0 0 0 1 0 3  2 0 0 0 0 0 0 

% Agreement 100.0 98.9 100.0 100.0 100.0 99.0 100.0 100.0 96.2 98.1 100.0 100.0 100 100 100 100 
Visual Reading 1 vs. Automated Reading 

n tested 106 116 117 75 123 124 124 121 123 121 122 121 9 9 17 2 
% Categorical 
Agreement 100.0 100.0 100.0 98.7 99.2 99.2 100.0 100.0 86.2 97.5 99.2 100.0 100 22.2 100 100 

% Major Error 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

% Very Major Error 0.0 0.0 0.0 0.0 0.0 0.8 0.0 0.0 0.8 2.5 0.0 0.0 0.0 77.8 0.0 0.0 

Visual Reading 1 vs. Adjusted Reading              

n tested 126 126 128 81 129 130 130 127 129 127 129 127 12 12 17 4 
% Categorical 
Agreement 100.0 99.2 100.0 98.8 99.2 99.2 50.8 100.0 96.1 98.4 98.4 100.0 100 100 100 100 

% Major Error 0.0 0.8 0.0 1.2 0.0 0.8 0.0 0.0 0.8 1.6 0.0 0.0 0.0 0.0 0.0 0.0 
% Very Major Error 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Visual Reading 1 vs. Reference 1             

n tested 151 149 153 100 - 162 163 162 162 162 162 162  18 22  

% Categorical 
Agreement 100.0 96.0 89.5 100.0  99.4 96.3 93.2 91.4 85.2 91.4 100.0  94.4 100  

% Major Error 0.0 0.7 0.7 0.0  0.6 3.1 0.6 2.5 3.1 0.0 0.0  5.6 0.0  

% Very Major Error 0.0 3.4 2.0 0.0  0.0 0.6 3.7 0.6 11.7 0.0 0.0  0.0 0.0  

Automated Reading vs. Reference 1              

n tested 134 145 145 95 - 149 150 153 149 153 148 149  14 19  

% Categorical 
Agreement 100.0 97.2 91.0 100.0  98.7 97.3 92.2 85.9 81.0 91.2 100.0  28.6 100  

% Major Error 0.0 0.7 0.0 0.0  1.3 2.0 3.3 1.3 8.5 0.0 0.0  71.4 0.0  

% Very Major Error 0.0 2.1 1.4 0.0  0.0 0.7 3.3 0.0 10.5 0.0 0.0  0.0 0.0  

Adjusted Reading vs. Reference 1              

n tested 167 167 168 104 - 162 163 162 162 162 162 162  21 24  

% Categorical 
Agreement 100.0 96.4 91.7 100.0  100.0 96.9 93.8 93.8 83.3 90.7 100.0  90.5 100  

% Major Error 0.0 0.6 0.0 0.0  0.0 2.5 1.2 1.9 4.9 0.0 0.0  9.5 0.0  

% Very Major Error 0.0 3.0 1.8 0.0  0.0 0.6 3.1 0.0 11.7 0.0 0.0  0.0 0.0  

Adjusted Reading vs. Reference 2              

n tested 169 169 171 107 - 171 171 168 170 170 170 168  21 22  

% Categorical 
Agreement 97.6 98.8 91.2 85.0  100.0 98.8 95.8 95.3 72.9 100.0 100.0  90.5 100  

% Major Error 0.0 0.6 2.3 0.9  0.0 0.6 1.2 1.8 1.8 0.0 0.0  9.5 0.0  

% Very Major Error 2.4 0.6 1.8 0.0  0.0 0.6 3.0 0.0 25.3 0.0 0.0  0.0 0.0  

Reference 1 vs. Reference 2             

n tested 45 45 46 44 - 44 44 44 44  44 44  14 14  

% Categorical 
Agreement 97.8 97.8 95.7 97.7  100.0 97.7 97.7 93.2  100.0 100.0  100 100  

% Major Error 0.0 2.2 2.2 2.3  0.0 0.0 0.0 2.3  0.0 0.0  0.0 0.0  

% Very Major Error 2.2 0.0 0.0 0.0  0.0 2.3 0.0 0.0  0.0 0.0  0.0 0.0  

ERT: ertapenem; CHL: chloramphenicol; GEN: gentamycin; CFXS: cefotaxime; LIN: linezolid; CIP: ciprofloxacin; AMI: 
amikacin; FOS: fosfomycin; QUD: quinupristin; DAP: daptomycin; TRS: cotrimoxazole; MEM: meropenem 
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2.4. Discussion 

This study was the first evaluation of the assembled Mini-Lab prototype (version1) with 

mainly mock samples but in a use setting in a hospital supported by MSF.  

Ease of Use 

The evaluation showed that the Mini-Lab was considered easy to use by the main 
users, (i.e. laboratory technicians with no previous experience in microbiology), and 
who had attended an initial training 4 weeks before the initiation of the study. At the 
end of the initial training, most pre-analytical, analytical and post-analytical procedures 
were considered easy to perform and competency assessments were very good. Quick 
progress was observed on inoculum preparation, AST reading and blood culture visual 
reading, and competency scores of greater than 98% were obtained for all fields after 
3 months into the study.  

QMS 

The visual reading of blood cultures is known to be critical and difficult, with possible 
confusions due to turbidity[68]. Only experience and practice help achieve good per-
formance in this area. The field training and supervised experience helped to adapt and 
finalise technical procedures and training modules for laboratory technicians. Moreo-
ver, many minor nonconformities were recorded during clinical sample reception and 
helped to amend and revise procedures to minimize their potential.  

BCB 

Very good agreement was observed between negative BCB visual reading for D7 
and systematic subculture result in D6. Thus, systematic subculture on D6 showed no 
added value and was removed as a procedure in newer versions of the Mini-Lab. 

Automated Reading 

The assessment of the inter-operator agreement showed very good agreement for 
bacteria identification and susceptibility testing between panel visual readings by la-
boratory technicians and the supervisor's adjusted reading. Conversely, the results 
given by the automated raw reading with the Biomic readers showed an unacceptable 
proportion of discrepant results with the supervisor's adjusted reading. These results 
confirm that the reading and interpretation of ID and AST results can be performed by 
non-expert laboratory technicians without specific equipment. However, for time sav-
ing and reliability purposes, an internal system to help with the reading and 
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interpretation process of ID and AST panels will be developed by the Mini-Lab team 
(assisted reading system) and will replace the Biomic reader in the subsequent versions 
of the Mini-Lab. 

The comparison of the Mini-Lab results with reference methods for pre-ID, ID and 
AST generally show very good correlation, as expected from the analytical validations 
of the different analytical components in reference laboratories (Annex 8). However, a 
few points of attention and improvement have been identified. 

Pre-ID 

The use of methylene blue in pre-ID procedures showed 5% of error rate when com-
pared with the supervisor's results. The error rate and the expressed difficult of inter-
pretation argues in favour of the replacement of methylene blue staining by Gram 
staining. Moreover, results showed that the pre-ID paper-based decision tree should 
be automated to improve final interpretation. 

ID 

The identification panel for Gram-positive bacteria seems to be insufficient in its 
ability to discriminate Staphylococcus aureus from coagulase-negative Staphylococci. 
To compensate for this, a coagulase test was introduced in the next version of the Mini-
Lab to confirm Staphylococcus aureus. The identification of Streptococcus species also 
needed to be improved on the Gram-positive panel because the clinical implication is 
important. The low performance of phenotypic methods for Streptococcus has already 
been documented in other studies on other identification systems compared with mo-
lecular methods [140], [141]. The ID panel manufacturer (Beckman-Coulter) has been 
informed of the low performance found for this genus. Gram-positive ID Panel perfor-
mance checks for Streptococcus will be continued in new field evaluations.  
The panel for the identification of fastidious organisms such as Haemophilus and 

Neisseria was assessed on a small number of Haemophilus strains only. It is therefore 
difficult to draw conclusions on the performances of this panel.  

AST 

The agreement of Gram-positive and Gram-negative AST panel results compared 
with reference methods did not show systematic errors associated with any organ-
ism/antibiotic combination. Some discrepancies could be explained by the inherent 
variability of methods for antibiotic susceptibility testing. Some variability, in particular, 
is known for amoxicillin-clavulanate [142] and colistin, even with automated reference 
methods. For example, for colistin, Vitek 2 (bioMérieux®) showed categorical 
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agreement of 36% to 90% to 36% when compared with microdilution methods [143]–
[145]. The ISO20776-2: 2007 standards on the assessment of AST devices define 
method acceptability thresholds after advancing and standardised validation (categor-
ical agreement ≥ 90%; major error rate ≤ 3%; very major error rate ≤ 3%) with repeti-
tions in triplicate for discrepant results. These criteria are not appropriate to evaluate 
the performance of the Mini-Lab AST method because the procedures for formal vali-
dation was not followed as it was not the goal of the field evaluation, and no repetition 
in triplicate was done for discrepant results. The proportion of major errors (result ob-
tained: resistant instead of susceptible) or very major (result obtained: susceptible in-
stead of resistant) between the results given by the supervisor and the reference meth-
ods was less than or equal to 5% for all antibiotics used for treatment, except for 
Fosfomycin for both AST panels, and colistin and amoxicillin-clavulanate for the Gram-
negative panel. The AST panels will be monitored, like all other antibiograms, in a ref-
erence laboratory using international reference methods during subsequent studies. 
The AST panel for fastidious organisms was only evaluated on a small number of iso-
lates and therefore it was difficult to draw conclusions.  

2.5. Limits 

This study has several limitations: 

• A small number of clinical samples were used, because of difficulties including par-
ticipants before blood collection and collecting blood cultures for the Mini-Lab at 
night or at the weekends. Many efforts were made by the study team to improve 
procedures, training and communications with the medical team. The study was 
also interrupted several times due to safety issues and to the SARS-CoV-2 health 
crisis. 

• Some strains sent by Bicêtre for simulated blood cultures were contaminated or 
nonviable upon arrival in Haiti, in particular some of the fastidious organisms. It was 
not possible to return strains to France for root cause analysis and verification of 
the nonviability. 

• The strains used for simulated blood cultures lacked diversity. A second shipment 
of strains was planned but due to logistical reasons linked to the interruption of air 
traffic during the COVID-19 pandemics the shipment could not occur. This resulted 
in no Enterococcus, only one non-fermentative Gram-negative bacilli and few fas-
tidious organisms being tested. 

• Analysis of databases not specifically built for the study to avoid multiple entries 
(Joget, Biomic or Excel files for the strains of Bicêtre Laboratory) caused major data 
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management problems. So, a lesson was learnt for the second field evaluation 
where specific software (REDCap) was used to enter study data in order to simplify 
database merging and cleaning. Moreover, the regular backup of ID and AST panel 
pictures was set up to make it possible to use them to explain potential discrepan-
cies with reference methods. 

2.6. Conclusion 

Although the evaluation was made mostly on simulated samples but under field 
conditions, the Mini-Lab showed good usability and ease-of-use by unexperienced la-
boratory technicians (one-month training), which was confirmed by good agreement 
between the technicians' results and those obtained by the supervisor. Compared with 
the reference methods, pre-ID, ID and AST methods are acceptable in spite of neces-
sary procedure adjustments to identify S. aureus and fastidious organisms. No partic-
ular organism-antibiotic combination caused systematic errors on antibiograms, mak-
ing the results reliable, particularly for antibiotics currently used for treatment. The var-
iability observed was inherent to the method and is within an acceptable range com-
pared with other antibiogram methods. Following the first field evaluation and consid-
ering the study results, important procedure adjustments to further improve the usa-
bility and reliability of the Mini-Lab results were considered by the Mini-Lab develop-
ment team for upgrading of the Mini-Lab. During the deployment of the updated ver-
sion, it will be necessary to continue the evaluation of Gram-positive ID and AST panel 
performances compared with reference methods to monitor the identification of Strep-
tococcus and the variability of some antibiotics in order to evaluate the impact on pa-
tient management. 

To conclude, the study did not highlight any major malfunctions or errors of the 
Mini-Lab which would prevent its deployment in a resource-limited countries., espe-
cially in light of improvements and adjustments made to the Mini-Lab. The deployment 
of the new version will be associated with an evaluation, especially concerning the ID 
and AST panel performances compared with reference methods for the identification 
of Streptococci and monitoring of variability for some antibiotics in order to evaluate 
the impact on care management.   
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3. Evaluation of Performance and Integration in Clinical Practice of the 
Mini-Lab prototype version 2 in a Carnot District Hospital, Central 
African Republic 

3.1. Introduction and background 

The following improvements were made between versions 1 and 2 of the Mini-Lab.  

• Box bench now made out of fibreglass with resin to reduce the weight but keeping 
the same internal arrangement ( section 3 of Chapter 1).  

• Comprehensive manual describing installations, management, pre-analytical, ana-
lytical and post-analytical procedures, as well as all follow-up, reporting and equip-
ment management tools including visual drawing of all the different steps (see An-
nex 3, 11, 12).  

• Special attention in the SOP was given on the workflow management between 
modules, task assignments schedule, to improve the fluidity of work within a 20 m² 
space. 

• VBA-LIMS (mock-up version) included sample management and expert systems, 
(section 6 of Chapter 1).  

• BCB, it was composed of the Autobio bottles read twice a day for 7 days with no 
terminal subculture and blind subculturing on to InTray Chocolate for negatively 
read BCB after 16-24 hours incubation using the BCB light box. Positive BCB were 
subcultured on InTray Chocolate and InTray Colorex . 

• Pre-ID system was composed of a near to the final system (section 4 and section 6 
of Chapter 1). Included a gram staining, coagulase tests, catalase, oxidase, indole 
and aminopeptidase test with the results being entered into an expert system com-
posed of the pre-ID algorithm (section 6 of Chapter 1). 

• ID system, the Neg/Pos Microscan panel was used as the main identification test 
with the PROMPT inoculation system.  

• Due to the short shelf life (6 months), HNID Microscan panel was replaced with the 
Pastorex Meningitis agglutination test for the identification of Haemophilus influ-
enzae and Neisseria meningitidis and to reinforce identification performance of 
Streptococcus agalactiae and Streptococcus pneumoniae. 

• AST system, type 2 Neg and Pos MIC panels were used routinely. PROMPT inocula-
tion system was used only for Gram negative bacteria as the evaluation in labora-
tory had shown discrepant results with the use of PROMPT for Staphylococcus spp. 



 

 

 

RESULTS – CHAPTER 4 
 

 

 

201 
 
 
 

 

Standard turbidity inoculum preparation was 
done for Staphylococcus spp. and Enterococcus 
spp. Due to the short shelf life (6 months) of the 
different broth used for the FAST MIC panel, from 
this version of the Mini-Lab it was advised not be 
used as routine but rather on a monthly basis as 
batch testing of all fastidious organism to get re-
sistance profile for surveillance purposes. How-
ever, for treatment purposes and for Haemophilus 
spp., Beta-lactamase detection test, a 
chromogenic cephalosporin test on a disc (Ce-
finase, Beckton Dickinson, USA), was added 

• To replace the Biomic V3 reader for ID and AST 
Microscan plates reading, an assisted reading sys-
tem (ARS) was developed and incorporated. The Reading and ID or an AST 
microplate can be done manually on a microplate viewer box with black or with 
background and where a camera is mounted (Figure 48) take a picture and transfer 
it into the Mini-LIMS.  

• This reading is supported by the LIMS, 
by means of an interface (Figure 49). 
The interface asks the user to select a 
photograph of the plate to be read. The 
LIMS displays on the same screen a 
pattern corresponding to the type of 
plate read, and each well is assigned to 
an ID reaction or an antibiotic 
concentration defined by type of 
plates. 

• Mini-LIMS display a colour atlas of 
growth type atlas to allow the user to choose the right test results. Then the test 
result information is processed by the different expert system described in section 
6 of the Chapter 4. 

With the final assembly and improvement of the Mini-Lab (near to the locked prod-
uct), it was necessary to assess its performance characteristics and; (i) describ the ease-
of-use of each analytical component and the pre- and post-analytical steps, (ii) evaluate 
its usability and robustness, (iii) describ changes in antibiotic prescriptions following 

Figure 48: Photo of the microplate 
viewer box and the attached camera 
to take the adequate picture and 
transfer it into the Mini-LIMS, Mini-
Lab (France) 

Figure 49: Snapshot of the Mini-LIMS interface 
to calibrate the reading of ID plate on top and 
for the AST plates down, Mini-Lab (France) 
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the communication of bacteriological results from the Mini-Lab to the medical team, 
and (iv) describe pathogens and antibiotic re-
sistance patterns identified in the study popula-
tion.  

3.2. Methods 

3.2.1. Study Design and study site 

A prospective study was conducted on the 
field implementation of the Mini-Lab prototype 
version 2. The Mini-Lab was deployed in Carnot 
MSF supported district hospital (Central African 
Republic) in July 2021, the hospital has been sup-
ported since 2009 and is located in the South-
West of the Central African Republic, in the Mam-
béré-Kadéï prefecture. This district referral hospi-
tal covers a population of approximately 179 480 
inhabitants. Most of the industry is mining and 
the prefecture suffered from multiple episodes of 
violence in 2013 and 2014. MSF main involve-
ment in Carnot District Hospital (CDH) support is, 
in paediatrics units including paediatric emer-
gency department, inpatient care, neonatology 
and nutrition (111 beds) and HIV/TB including in-
ternal medicine support and the isolation area for 
individuals with tuberculosis. The CDH had previ-
ously had no bacteriological culture laboratory 
and no retrospective data was available. The im-
plementation of a formal program of antibiotic 
stewardship started in April 2021, with the arrival 
of an infectious disease specialist as antibiotic 
stewardship internal consultant (AS) for staff 
training and AS is a focal person for local physicians already working in the hospital. 
The study was conducted from the beginning of 
September 2021 until March 2022. The Mini-Lab 
was installed in a 20 m² room close to the CDH 
general laboratory, and run by an experienced 

Figure 50: Top to down, from 
transportation, installation of the Mini-Lab, 
training of laboratory technicians and 
treatment of the patient at Carnot Hospital, 
Central African Republic, Mini-Lab (France) 
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microbiologist trained on all Mini-Lab procedures, An additional three laboratory tech-
nicians were hired and their training conducted for a period of one month. A month 
was utilized to train nurses, clinicians on relevant modules (sampling, test prescription). 

3.2.2. Study Population  

The first study population were individuals admitted in the MSF-supported units at 
CDH who had, on admission or during hospitalization, a blood culture prescribed as 
per the MSF blood cultures prescription guidelines (Annex 15). In addition, individuals 
provided written informed consent (selves, guardian or representative for patients un-
der 18 years old or if their clinical condition prevents them from being able to provide 
consent), provided successful blood culture collection. Second study population was 
the laboratory technicians working in the Mini-Lab, who had attended the training for 
the Mini-Lab implementation. During the recruitment process, laboratory technicians 
with prior work experience in a clinical microbiology laboratory were not selected. 

3.2.3. Data Collection 

On a daily basis, a study assistant, registered all individuals with blood culture re-
ceived in the Mini-Lab during the study period, and evaluated their eligibility. The 
blood cultures from individuals included in the study were managed as per Mini-Lab 
routine procedures. All gram staining, subcultures and ID/AST plates were photo-
graphed and classified and stored in a designated Sharepoint folder. The bacteriolog-
ical results were made available to clinicians as per standard procedures. The results 
were recorded on the VBA-LIMS mock up (September to December) or the Mini-LIMS 
(January to March). All bacterial strains isolated by the Mini-Lab from individuals (path-
ogens or contaminants) included in the study were stored in microbead vials in a -80°C 
freezer before transfer to the reference laboratory. Clinical and therapeutic data from 
individuals with pathogen positive blood culture was collected by the study coordina-
tor and the antibiotic stewardship internal consultant on a standardised questionnaire 
using the individuals medical records. To do this, all records from individuals with pos-
itive blood culture (regardless of the organism) were evaluated to see if the isolated 
organism was considered as a pathogen organism or contaminant by the clinician 
based on clinical and therapeutic considerations. 

In order to evaluate the ease-of use of each component of the Mini-Lab, a self-
administered user experience questionnaire, using Osgood scale/Likert-type scale was 
used. The questionnaires were the same as used in the evaluation in Haiti. Ease-of-use 
includes the sample reception procedure, test procedures, interpretation, reporting of 
test results and internal quality control. The questionnaires were administered after the 
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initial training, after three months of use and at the end of the study. To evaluate if the 
analytical procedures were executed in accordance with the corresponding SOPs by 
the laboratory technicians, the microbiologist carried out competency testing at the 
end of the initial training with a checklist of the main steps of the procedures while 
observing each lab technician, as defined in the Mini-Lab manual. Following initial com-
petency assessment, the microbiologist repeated the competency assessment of the 
lab technicians at 3 months and 8 months after the end of the initial study training. 

3.2.4. Laboratory Analyses in the Reference Laboratory 

Bacterial strains isolated in the Mini-Lab were shipped to Bicêtre University Hospital, 
Paris, France, in cryovials with microbeads at -20°C. Strains were re-labelled with anon-
ymised numbers and date of the sample. The packing list did not include the names of 
bacteria isolated at CDH, to ensure that the reference laboratory was blinded from the 
results obtained by CDH. In the reference laboratory, strains were firstly subcultured 
and all bacterial isolates were identified by MALDI-ToF. AST was performed, depending 
on the antibiotics, using disk diffusion method, agar gradient diffusion method (E-test) 
or micro-broth dilution to determine the minimum inhibitory concentration (MIC) or 
the diameter of inhibition as per EUCAST V11 standard (Table 27). The results for ID 
and AST validated by Bicêtre were the reference results used to compare the results at 
CDH. In the reference laboratory, the strains identified as pathogens by the CDH were 
also tested for ID by the MSF Neg/Pos ID Panel Type 2 (Beckman-Coulter), and for AST 
by the MIC Neg Type 2, or MIC Pos Type 2 or MIC FAST Type 2 plates (Beckman-Coul-
ter) used as a comparator against the CDH results. In addition, the first 35 strains 
shipped were tested with the pre-ID tests as defined in the Mini-Lab procedures. All 
culture plates and ID/AST plates were photographed for further comparison if discrep-
ancy. 

 

 

 

 

Table 27: Methods in the Mini-Lab and in the reference laboratory 

 
Criteria of Compari-

son 
Mini-Lab Reference Methods 

BC bottles Growth/ Non-growth Autobio Not applicable 
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Pre-ID Individual result of 
each test and pre-ID algo-
rithm result 

Oxidase + Catalase + 
Aminopeptidase + Gram 
staining + Colorex  

Only the first 30 strains: 
Oxidase + Catalase + Ami-
nopeptidase + Gram 
staining + Colorex  

ID test Bacteria genus and 
species 

MSF Neg/Pos ID Panel 
Type 2 (Beckman-Coulter) 

All strains: MALDI-TOF 
(Bruker) 

Pathogens only: MSF 
Neg/Pos ID Panel Type 2  

AST R/I/S test results inter-
pretation as per EUCAST 
V11 

MSF Neg/Pos MIC 
Type 2 (Beckman-Coulter) 

All strains: Disc diffu-
sion method, E-test or mi-
cro-broth dilution 

Pathogens only: MSF 
MIC Type 2 AST plates 
(Beckman-Coulter), 

3.2.5. Data entry and Data analysis 

Anonymized sociodemographic and clinical data was entered into the REDCap soft-
ware program (http://project-redcap.org/) on site by an entry operator and the study 
coordinator. A password-protected laptop was specifically dedicated to this study. The 
laboratory data (include the bacteriological results) was entered by the Mini-Lab tech-
nicians via a secure, password-protected and dedicated database with workflow man-
agement: LIMS VBA then Mini-LIMS in January 2021. The Principal Investigator, based 
in Paris, routinely checked the databases via secure online access. Data was analysed 
at Epicentre with Stata®16 software (Stata Corporation, College Station, Texas, USA). 
This analysis was performed for all study participants. The demographic and clinical 
characteristics of the individuals at the time of inclusion were described. For continuous 
variables, the average, median, standard deviation, minimum and maximum were 
given. Categorical variables were described using percentages. Missing data were con-
sidered to be missing at random, and no imputation was applied. All outcomes col-
lected and calculated to answer objectives of this study are described in Table 28. 

 

Table 28: Primary and secondary outcome of the study 

Type of out-
come Primary outcome 

Key Performance Indica-
tors 

 

Proportion of blood cultures positivity: Number of blood cultures showing growth with 
a pathogen /total number of blood cultures 
Range of pathogens detected: proportion of each major pathogen isolated in blood 
cultures  
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Proportion of contamination: Number of blood cultures showing growth with an or-
ganism identified as contaminants by the clinician/ total number of blood cultures.  
Average filling volume of blood cultures bottles: Volume per blood culture bottle (re-
ferring to a specific formula based on weight)  
Needle-to-incubator average time: average time interval from blood culture sampling 
to incubation  
Average time to positivity: Average time interval between blood cultures inoculation 
and blood culture positivity  
Average turnaround time: Average time interval from registration of the sample in the 
laboratory to reporting of the final result to the clinician 
ID and AST failure: proportion of panels with no growth or inconclusive results starting 
from a viable subculture  

Agreement and accuracy 
compared to reference 
methods 

Agreement and misclassification in Mini-Lab vs expected Gram classification based on 
MALDI TOF result in the reference laboratory  
Agreement at genus and at species level when comparing Mini-Lab against MALDI-
TOF in the reference laboratory  
Agreement of AST automated visual reading against conventional methods in the ref-
erence laboratory, Categorical Agreement, Major Error Rate, Very Major Error Rate 
Proportion of inconclusive results or difficult result interpretation from the Mini-Lab 
for pre-ID, ID and AST.  

Type of outcome Secondary outcomes  
Ease of use  
 

Ease of sample reception procedures as measured by a questionnaire score (1 ques-
tionnaire/ lab personnel after training after 3 months and at the end of the study)  
Ease of test procedures and interpretation of analytical components as measured by 
a questionnaire score (1 questionnaire/ lab personnel after training after 3 months and 
at the end of the study)  
Ease of results sharing procedures as measured by a questionnaire score (1 question-
naire/ lab personnel after training after 3 months and at the end of the study)  
Compliance with analytical and post-analytical SOPs (BCB reading, pre-ID, ID, AST, re-
sult report) as measured by a competency testing score (1 questionnaire/ lab person-
nel after training).  
Incident and near-accident reporting  

Robustness and Usability  Relative temperature monitoring  
Internal monitoring system for reporting of equipment failures and their conse-
quences on laboratory functioning  

Antibiotic prescription 
practice of clinicians re-
lated to patients with pos-
itive blood culture(s) with a 
clinically significant patho-
gen(s) 

Proportion and type of antibiotic changes after communication of Mini-Lab results 
(preliminary and final results): no change, stop, switch IV-PO, de-escalation, escalation.  
Proportion of antibiotic changes adapted to patient clinical status, targeted clinical 
guidelines and laboratory results.  

3.2.6. Ethical Considerations 

The study was conducted in accordance with the Declaration of Helsinki on Ethical 
Principles for Medical Research Involving Human Subjects. After validation by the 
Steering and Scientific Committees of the Mini-Lab project, the protocol was approved 
by the “Comité éthique et scientifique de République Centrafricaine” (March 18, 2021, 
session) and the MSF Ethics Review Board (Ref. 1913a dated June 9, 2020). Inclusion in 
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the study was voluntary and required prior signed informed consent. Participants and 
participants’ parent(s)/caregiver(s) for minors were informed in French or in Songo with 
the aim of the study and eligibility criteria by the trained health assistant. Eligible indi-
viduals interested in study participation received more detailed information about the 
study objectives, study procedures, and a clear explanation of the risks and benefits of 
participating in the research. 

3.3. Results 

3.3.1. Description of Study Population 

Study recruitment took place between September 2021 and February 2022. The 
study flow chart is presented in Figure 51. Eligible individuals in the study were admit-
ted to CDH between September 13, 2021, and February 13, 2022. Out of 1,960 individ-
uals admitted in CDH during that period, mostly in paediatrics, 1,470 individuals met 
the criteria for blood culture prescriptions as per MSF guidelines (Annex 15). Among 
them, 1,042 had at least one blood culture collection during hospitalisation, among 
whom 948 (91%) were investigated for eligibility by the study health assistant. Approx-
imately a hundred individuals (n=111) were not eligible for study participation with the 
majority (n=87) being discharged from the hospital before providing their consent. In 
total, among 837 individuals eligible for the study, 835 were included (2 refused to 
participate), this involved 960 blood culture bottles processed by the Mini-Lab, includ-
ing 10 collected in pairs (950 batches). Among the 835 individuals included, 53.3% were 
males (Table 29). Most (51%) were between 6 months and 5 years of age and approxi-
mately 20% were > 15 years (adults treated in internal medicine). A minority of individ-
uals (about 11%) had 2 or more blood cultures (or blood cultures in pairs) during hos-
pitalisation. Blood cultures were more often collected on the day after admission (42%) 
than on the day of admission (28%), with a mean time of 1.8 days between admission 
and collection. Only 10% of blood cultures included in the study were collected be-
tween mid-September and late October. 

 There was a major increase in the number of blood cultures prescriptions after No-
vember, with more than 200 blood cultures per month, compared with 90 blood cul-
tures in October. There was a peak in December, with 288 recorded blood cultures, i.e. 
on average 9.6 blood cultures received per day in the Mini-Lab. 
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1 040 patients with  
1 165 blood cultures in the Mini-Lab 

837 eligible patients 
962 blood cultures 

835 inclusions 
960 blood cultures 

203 non-eligible patients: 
- 92 not evaluated 
- 86 discharged before consent 
- 13 unable to give consent 
- 12 deaths before consent 

2 refusals to participate 

1 960 hospitalisations  

Figure 51: Study flow chart of the study population 
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Table 29: Participants characteristics, N=835 
Characteristics n % 

Females 388 46.5 
Males 445 53.3 

Missing 2 0.2 
Age at the time of inclusion   

[0 – 30 days] 69 8.3 
[1 month– 6 months]  79 9.5 
[6 months– 5 years] 426 51.0 
[5 years– 15 years] 109 13.1 

> 15 years 148 17.7 
Missing 4 0.5 

1st Blood Culture Prescriber   
Intensive care  113 13.5 

Paediatrics (including paediatric emergency)  424 50.8 
CNTH 79 9.5 

Neonatology 69 8.3 
Internal medicine 147 17.6 

Missing 3 0.4 
Number of blood cultures included   

Number of blood cultures (single or by pairs) 950  
Number of blood cultures bottles 960  

Number of blood cultures per patient   
1 bottle or 1 pair of bottles 733* 87.8 
2 bottle or 2 pairs of bottles 89* 10.7 

3 bottles 13 1.6 
Time of blood culture collection (number of batches) 950  

September 2021 (half-month) 38 4.0 
October 2021 89 9.4 

November 2021 238 25.1 
December 2021 288 30.3 
January 2022 198 20.8 

February 2022 (half-month) 99 10.4 
Time Interval from Admission to Collection     

Blood culture collected on day of admission 270 28.4 
Blood culture collected D+1 401 42.2 

Blood culture collected ≥ D+2 279 29.4 
Average Time Interval from Admission to Collection, days (DS) 1.8 3.5 

3.3.2. Mini-Lab Key Performance Indicators and Comparison with litera-
ture data 

Among the 960 blood culture bottles received in the Mini-Lab, 123 showed growth 
with at least one bacterium considered a pathogen by treating clinicians. The propor-
tion of pathogen blood culture positivity was 12.8%. Among the 835 individuals in-
cluded, 117 had at least one positive blood culture with pathogens, (14.0%). In total, 
124 pathogens were identified in 123 blood cultures. In one blood culture bottle, the 
Mini-Lab identified 2 different pathogens: Salmonella sp. + Klebsiella pneumoniae. The 
most frequently isolated pathogens were Salmonella non Typhi (44%), E. coli (10%) and 
Pneumococcus spp. (9%) (Table 30 and Figure 52). This list of pathogens among the 
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study population (mostly paediatric) was similar to the one previously published for 
the same population, particularly the top 5 Salmonella non Typhi, E. coli, Pneumococ-
cus spp., Staphylococcus aureus and Klebsiella sp.[53]. 

Table 30: Range of pathogens isolated in the Mini-Lab during the study period, n=124 

Organism n % 
Salmonella sp 55 44.4 
Escherichia coli 12 9.7 
Streptococcus pneumoniae 11 8.9 
Staphylococcus aureus 7 5.6 
Klebsiella pneumoniae 6 4.8 
Enterococcus faecium 5 4.0 
Gram-negative Cocci 4 3.2 
Haemophilus influenzae 4 3.2 
Haemophilus sp. 2 1.6 
Pseudomonas aeruginosa 3 2.4 
Acinetobacter lwoffii 2 1.6 
Enterobacter cloacae 2 1.6 
Neisseria meningitidis Y/W135 2 1.6 
Acinetobacter baumannii 1 0.8 
Acinetobacter sp. 1 0.8 
Gram-positive Bacilli 1 0.8 
Comomonas testosteroni 1 0.8 
Enterococcus faecalis 1 0.8 
Gemella sp. 1 0.8 
Klebsiella sp. 1 0.8 
Staphylococcus lugdunensis 1 0.8 
Staphylococcus paucimobilis 1 0.8 
Total 124 100 
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Figure 52: List of pathogens isolated in the Mini-Lab during the study period, N=124 

Among the 960 blood cultures received in the Mini-Lab,150 had at least one organ-
ism considered as to be a contaminant by treating clinicians and As internal consultant. 
This was a contamination rate of 15.6%. In total, 176 contaminants were isolated. Con-
tamination at the site of the collection was mainly due to coagulase-negative Staphy-
lococci (38%) and Gram-positive Bacilli (34%) (Table 31 and Figure 53). During the 
course of the study, the contamination rate increased slightly with no statistical signif-
icance, from 13% in September 2021 to 19% in January 2022. This can be explained by 
the large number of blood cultures collected per day starting from November 2021, 
giving the overworked staff little time to follow strictly asepsis procedures (Table 32). 
The highest rates of contamination were observed in neonatology (Table 33). In late 
January, the arrival of a nurse in charge of healthcare quality helped to resume training 
sessions for samplers and to improve the blood culture collection quality level. This 
included among other things, a hand hygiene campaign, contact precautions for multi-
resistant bacteria cases, and the quality of urinary catheter positioning. 
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Table 31: List of isolated organisms in the Mini-Lab considered as contaminants by physicians during 
the course of the study, n=176 

Organism n % 
Gram-positive Bacilli 57 32.4 
Staphylococcus epidermidis 33 18.8 
Micrococcus sp. 17 9.7 
Polymorphic Flora 8 4.5 
Coagulase-Negative Staphylococcus 7 4.0 
Staphylococcus haemolyticus 7 4.0 
Staphylococcus hominis 7 4.0 
Aerococcus viridans 3 1.7 
Gram-positive Bacteria 3 1.7 
Staphylococcus aureus* 3 1.7 
Gram-negative Bacilli 3 1.7 
Bacillus sp. 2 1.1 
Gram-positive Cocci 2 1.1 
Yeast 2 1.1 
Pantoea agglomerans 2 1.1 
Staphylococcus auricularis 2 1.1 
Staphylococcus simulans 2 1.1 
Staphylococcus xylosus 2 1.1 
Cedecea davisae 1 0.6 
Enterococcus faecium* 1 0.6 
Gram-positive coccobacilli 1 0.6 
Hafnia alvei* 1 0.6 
Kocuria kristinae 1 0.6 
Providencia rustigianii 1 0.6 
Salmonella sp* 1 0.6 
Staphylococcus capitis 1 0.6 
Staphylococcus cohnii 1 0.6 
Staphylococcus intermedius 1 0.6 
Staphylococcus lugdunensis 1 0.6 
Staphylococcus saprophyticus 1 0.6 
Staphylococcus sciuri 1 0.6 
Streptococcus salivarius 1 0.6 
Total 176 100 

*These bacteria are usually classified as potentially pathogenic organisms but, after revision by the 
clinicians and the AS internal consultant, individual’s symptoms were not considered related to these 
bacteria and thus the isolates were considered as contaminants from a clinical standpoint. 
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Figure 53: List of isolated contaminants by the Mini-Lab during the study period, N=176 
 
 

Table 32: Proportion of contamination per month, number of bottles, n=150 

Month 
N bottles 

contaminated 
N blood cultures 

analysed 
% 

Contamination 
September 2021 (half-month) 5 39 12.8 
October 2021 10 93 10.8 
November 2021 36 242 14.9 
December 2021 45 289 15.6 
January 2022 38 198 19.2 
February 2022 (half-month) 16 99 16.2 
 
 

Table 33: Proportion of contamination per prescriber 

Wards N bottles 
contaminated 

N blood cultures 
analysed 

% 
Contamination 

Intensive care  16 143 11.2 
Paediatrics (including emergencies)  76 466 16.3 
Therapeutic Feeding Center 19 96 19.8 
Neonatology 23 75 30.7 
Internal medicine 16 176 9.1 
 
 
 
 

Gram positif Bacillus 

 
Coagulase neg Staphylococci 
 
Micrococcus spp. 

 
Mixed flora 

 
Aerococcus viridans 

 
Others gram positive 

 
Others gram negative 
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Filling volume of blood culture bottles  
The average filling volumes for blood culture bottles were in the MSF procedure 

recommended range based on age, except for the > 15-year age range where the av-
erage filling volume was 6.6mL instead of 8mL minimum (n=932) (Table 34). 
 

Table 34: Filling volume of blood culture bottles per age range 

Age range n Average in mL 
(SD) 

Recommendations 
as per MSF 
procedures 

Neonates (< 1 month)  74 1.3 (1) 0.5 – 1mL 
Infants (< 2 years)  324 2.5 (1.1) 1 – 2 mL 
Children (2-15 years) 358 3.2 (1.4) 2.5 – 5mL 
Adults (> 15 years) 176 6.6 (2.7) 8 – 10mL 
 

Time Interval from Sampling to Start of Incubation  
The time of collection and start of incubation was recorded for 234 samples. 

Median time from blood culture sample collection to the start of incubation in the 
Mini-Lab was 24 minutes for those samples (IQR 14; 45, min = 5, max = 390 (6.5 hours)).  

Time to Positivity  
Among the 270 positive blood culture bottles, with documented dates, the median 

time to positivity from blood cultures inoculation to observation of blood cultures pos-
itivity (contaminant or pathogen) was 1 day (IQR= 0; 1, min= 0, max = 6). Among the 
122 positive blood cultures bottles with pathogens, the median time to positivity was 
1 day (IQR= 0; 1; min= 0, max= 5).   

Total Turnaround Time   
Among the 101 positive blood cultures bottles with pathogens with documented 

dates, the median turnaround time from sample recordings to final report transmission 
to the clinician was 2 days (IQR 2; 4, min = 1, max = 9). 

ID and AST Test Failures   
Among the 271 positive blood cultures bottles, none was left without a final result 

due to missing subculture or identification. Among 123 isolated pathogens, five could 
not be identified to genus level: four Gram-negative Cocci, one Gram-positive Bacilli, 
which was expected since the Mini-Lab procedures do not allow for genus identifica-
tion of Gram-positive Bacilli (predominantly contaminants) and some Gram-negative 
Cocci.  

Summary of the Mini-Lab Key Performance Indicators   
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Table 35 outlines all the key indicators used to evaluate the Mini-Lab performance 
in its routine activity. The study showed that all complied with references as defined in 
the literature[68] except for the contamination rate which was higher than published 
acceptable levels. 

Table 35: Summary of the Mini-Lab Key Performance Indicators 
 

MINI-LAB Results Reference in 
literature Reference 

Pathogen positivity rate 12.5% (120/960) 5-15% Baron E, et al. 
(2013)[146] 

Range of pathogens detected Top 5 = Salmonella non 
Typhi, E.coli, Pneumococ-
cus, Staphylococcus au-
reus and Klebsiella sp. 

 Reddy E, et al. 
(2010)[53] 

Contamination rate during sample 
collection 

15.7% (151/960) < 3% Baron E, et al. 
(2013) [146]  
Leber AL (2016)[147] 

Filling volume of blood cultures bot-
tles (average, mL), n=932 
Neonates (< 1m) 
Children (< 2y) 
Paediatrics (2y-15y) 
Adults (> 15y) 

 
 
1.3 (SD 1) 
2.5 (SD 1.1) 
3.2 (SD 1.4) 
6.6 (SD 2.7) 

> 80% of recom-
mended volume: 
0.5 – 1mL 
1 – 2 mL 
2.5 – 5mL 
8 – 10mL 

Baron E, et al. 
(2013) [146] 
Leber AL (2016)[147] 

Median time interval from sampling 
to start of incubation, n=234 

24 min (IQR 14; 45) < 2 hours Wilson M, et al. 
(2007)[148] 

Median time to positivity for  blood 
cultures with pathogens, n=122 

1 day (IQR= 0; 1; min = 0, 
max = 5).   

1-2 days  

Median turnaround time for blood 
cultures with pathogens from sample 
recordings in the laboratory to final 
report transmission to the clinician, 
n=101 

2 days (IQR 2; 4, min = 1, 
max = 9). 

3 days Hawkins RC. (2007)6 

3.3.3. Agreement of Mini-Lab results vs reference methods or comparator 

3.3.3.1. Pre-Identification or Referral Diagnosis (Pre-ID) 

The first 35 pathogen strains were utilized for comparison of pre-ID tests performed 
at Bicêtre. There was a good agreement between the tests performed at the Mini-Lab 
and at Bicêtre, for Gram staining, AMNP, Oxidase, Catalase and Coagulase. A few dis-
crepancies were identified, particularly for Catalase on Gram-negative, but there was 
no impact on final identification, and additionally, for oxidase, which led to 3 erroneous 
referral diagnoses for Salmonella spp. (Table 36). For the InTray Colorex media, the 

 
6 Hawkins RC. Laboratory Turnaround Time. Clin Biochem Rev. (2007) 28:179–94. 
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agreement between the Mini-Lab and Bicêtre results was poor (54%) but did not lead 
to any erroneous referral diagnosis (Table 36 and Table 37). 

Table 36: Percentage of agreement of respective pre-ID tests performed at the Mini-Lab versus reference 
laboratories utilizing identical techniques and reagents. 

 Gram Staining Aminopep-
tidase (AMNP) Oxidase Catalase Coagulase Col-

orex6 

 Gra
m + 

Gra
m 
- 

Po
s 

Ne
g 

Po
s 

Ne
g 

Po
s 

Ne
g 

Po
s 

Ne
g 

Grow
th and 
Colour 

n 
teste
d 

16 19 15 17 4 29 12 19 2 6 24 

n 
Agre
emen
t 

151 182 15 17 4 24
3 

11
4 

15
5 2 6 13 

% 
Agre
emen
t  

93.
8 

94.
7 

10
0 

10
0 

10
0 

82.
8 

91.
7 

79.
0 

10
0 

10
0 54.2 

1 Discrepancy = Gram-negative Cocci identified at the Mini-Lab and Micrococcus luteus identified in Bicêtre 
2 Discrepancy = Gram-negative Cocci at the Mini-Lab although positive AMNP and pre-ID algorithms shows 
“Gram-positive Cocci”, photo of the gram showing a slide of over-decolorised gram (decolorised Gram-positive 
Cocci). Salmonella sp. identified in Bicêtre; considered as an erroneous straining for ID agreement interpretation. 
3 Discrepancy = Four Salmonella sp. issued by the Mini-Lab as final ID and confirmed by the Bicêtre. For three 
out of these four strains, the pre-ID algorithm had issued a “non-fermentative Gram-negative” result, leading to 
an erroneous referral diagnosis, but with no impact on final identification. 
4 Discrepancies = One Staphylococcus hominis identified at the Mini-Lab with ID plates (in spite of catalase 
negativity) and confirmed in the Bicêtre.  
5 Discrepancies = Two Salmonella sp. and two Pseudomonas sp with no impact on the algorithm result and final 
identification confirmed by Bicêtre. 
6 See more details in the tables below 

Table 37: Comparison of InTray Colorex medium results between the Mini-Lab and Bicêtre 

Mini-Lab 
Colorex Results 

Reference Laboratory Colorex Results 
White to 

transparent 
Metallic 
dark blue 

Turquoise 
blue 

Creamy 
gold 

Non-
Growth 

Greenish Total 

White to 
transparent 

11   2 1 2 16 

Metallic dark blue 
 

2 1    3 
Turquoise blue 1      1 
Creamy gold 1      1 
Non-Growth       0 
Pink to red    1 1  2 
Greenish 1      1 
Total 14 2 1 3 2 2 24 
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Table 38: Details concerning the 11 InTray Colorex result discrepancies between the Mini-Lab and Bicêtre 
Colorex Results in the Mini-Lab Colorex Results in Bicêtre 

Laboratory 
Pre-ID algorithm Colorex Organism1 Colorex Organism2 

Non fermentative 
Gram-negative 

White to 
transparent 

Pseudomonas 
aeruginosa 

Greenish Pseudomonas 
aeruginosa 

Non fermentative 
Gram-negative 

White to 
transparent 

Pseudomonas 
aeruginosa 

Greenish Pseudomonas 
aeruginosa 

Metallic dark blue Enterococcus 
faecium 

Turquoise blue Lactococcus 
garvieae 

Streptococcus spp| 
Proba: 95.23%,  
Colorex: consistent 

Pink to red Streptococcus 
pneumoniae 

Non-Growth Streptococcus oralis 

Streptococcus spp| 
Proba: 95.23% , 
Colorex: consistent 

White to 
transparent 

Streptococcus 
pneumoniae 

Non-Growth Streptococcus 
pneumoniae 

Micrococcus spp, 
Staphylococcus spp,  
Proba: 89.14% 

Greenish Staphylococcus 
auricularis 

White to 
transparent 

Kocuria koreensis 

Coag neg 
Staphylococcus, 
Proba: 100%, Colorex: 
consistent 

Pink to red Kocuria kristinae Creamy gold Kocuria palustris 

Gram pos Cocci, 
Proba: 100% 

Creamy gold Staphylococcus 
hominis 

White to 
transparent 

Staphylococcus 
hominis 

Group: Streptococcus 
spp, Enterococcus 
spp, Proba: 15.14% 

Turquoise blue Staphylococcus 
sciuri 

White to 
transparent 

Staphylococcus 
sciuri 

Referral impossible 
(equal probability) 

White to 
transparent 

Staphylococcus 
aureus 

Creamy gold Staphylococcus 
aureus 

Streptococcus spp| 
Proba: 95.23% | 
Colorex: consistent 

White to 
transparent 

Streptococcus 
pneumoniae 

Creamy gold Micrococcus luteus 

1 Final identification results provided by the Mini-Lab in Carnot 
2 Final identification results provided by Bicêtre 
 

3.3.3.2. Identification (ID): Comparison to Reference Method and 
Comparator 

In total, 219 strains isolated at the Mini-Lab was sent to the Bicêtre among the 271 
isolates, 88 were considered pathogens and 133 contaminants. All the strains that grew 
at Bicêtre were tested by MALDI-ToF (reference method). The strains that were found 
to be pathogens by the clinicians at CDH were also tested in Bicêtre on MSF Neg/Pos 
ID Panel Type 2 plates (Beckman-Coulter) (comparator) with the same procedure as 
used at the Mini-Lab. 
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- Pathogens vs Reference Methods 
Among the 88 pathogens tested in Bicêtre by MALDI-ToF, 6 did not regrow, and 6 

gave results that were inconsistent with the CDH Mini-Lab findings, suggesting a pos-
sible mixed of samples during strain preservation at the Mini-Lab. When the 12 strains 
are excluded from the analysis, concordance to the genus level was 97.4% (Figure 54). 
The 3 discrepancies linked with clinical significance are described in Table 39. 

 
Figure 54: Description of cases of pathogen identification discrepancies between the Mini-Lab and the 
reference laboratory 

 

Table 39: Description of cases of pathogen identification discrepancies between the Mini-Lab and the 
reference laboratory having a possible impact on clinical significance 

Mini-Lab1 Reference Method2 Comparator3 Comments 

S. pneumoniae S. oralis Streptococcus sp. Very similar strains. Problems of agglutination on 
Pastorex or loss of Pneumococcus characteristics 
following storage and subculturing. 
Discrepancies having no impact on patient 
treatment 

E. faecium Lactococcus garvieae Inconclusive Very similar strains. Lack of accuracy of ID plate? 
Gram-negative 
Cocci 

Micrococcus luteus Micrococcus sp. Problems during pre-ID: Gram over-decolorised? 
Impact on the rest of the ID procedure: No ID 
plate used as defined in the procedure for Gram-
negative Cocci. 

1 MSF Neg/Pos ID Panel Type 2 (Beckman-Coulter) or pre-ID in the Mini-Lab 
2 MALDI-ToF in Bicêtre 
3 MSF Neg/Pos ID Panel Type 2 (Beckman-Coulter) in Bicêtre 

- Contaminant vs Reference Method 
Among the 133 contaminants tested at Bicêtre (127 Gram-positive and 6 Gram-neg-

ative), 7 did not regrow, and 20 gave results that were inconsistent with the Mini-Lab 
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results, suggesting a possible error during storage of strains at the Mini-Lab (Figure 
55). When these 27 strains are excluded from the analysis agreement to the genus level 
was 83% (Figure 55) and the 7 discrepancies linked with clinical significance are de-
scribed in Table 40. 

 
Figure 55: Description of cases of pathogen identification discrepancies between the Mini-Lab and the 
reference laboratory 
Table 40: Description of cases of contaminant identification discrepancies between the Mini-Lab and the 
reference laboratory having a possible impact on clinical significance 

Mini-Lab1 Reference Method2 Comments 

Gram-positive 
Bacteria 

Salmonella sp Pre-ID issue: erroneous Gram interpretation (picture=GNB) and AMNP 
read as negative; Positive ID Plate Reading; Microbiologist Absent 

Gram-positive 
Bacilli 

Salmonella sp Pre-ID issue: erroneous Gram interpretation (picture=GNB) and AMNP 
read as positive; Positive ID Plate Reading; Microbiologist Absent 

Micrococcus sp. Enterococcus faecium + 
Corynebacterium 
amycolatum 

Gram and polymicrobial subculture as per pictures; Rereading of ID 
plate confirms Micrococcus but probably contaminated. 

Yeast Bacillus cereus Gram staining difficult to interpret. Unlikely yeast. No picture of 
subculture available. Do not seem sure of the result since they did an 
ID plate. 

Cedecea davisae Bacillus subtilis Pre-ID issue: Over-decolorised gram (picture=GNB); AMNP 
pos/questionable; Negative ID Plate Reading 

Hafnia alvei Salmonella sp Pre-ID issue: oxidase read as positive; Microbiologist Absent + glitch 
with Mini-LIMS 

Providencia 
rustigianii 

Bacillus megaterium Pre-ID issue: Over-decolorised gram (picture=GNB); AMNP?; Gram and 
polymicrobial culture; Negative ID Plate Reading 

1 MSF Neg/Pos ID Panel Type 2 (Beckman-Coulter) or pre-ID in the Mini-Lab 
2 MALDI-ToF in Bicêtre 

- Pathogens vs Comparator 
The genus and species agreement between the Microscan results at the Mini-Lab 

and at Bicêtre were very good for both Gram-negative and Gram-positive bacteria 
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(Table 41). The 4 genus and species discrepancies are presented in Table 42. In 3 out 
of 4 cases, the Microscan result at Bicêtre was consistent with that of the Mini-Lab. 

Table 41: Genus and species agreement comparing Mini-Lab results to MALDI-TOF and to MSF Neg/Pos 
ID Panel Type 2 plates (Beckman-Coulter) in the reference laboratory for the identification of organisms 
depending on the type of organism (Gram-negative; Gram-positive)  

 Absolute Agreement 
Genus + Species 

Agreement  
Genus only 

Agreement  
Clinical Relevance 

Group  
 Gram+ Gram- Gram+ Gram- Gram+ Gram- 
Mini-Lab vs Reference (Maldi-Tof Bicêtre) 
Pathogens       

n tested 15 61 15 61 15 61 
n Agreement 11 57 13 61 12 61 
% Agreement  73.3 93.4 86.7 100.0 80.0 100.0 

Contaminants       
n tested 100 6 100 6 100 6 

n Agreement 37 2 86 2 96 3 
% Agreement  37.0 33.3 86.0 33.3 96.0 50.0 

Mini-Lab vs Comparator (Beckman-Coulter Bicêtre) 
Pathogens       

n tested 14 62 14 62 14 62 
n Agreement 11 61 13 61 14 61 
% Agreement  78.6 98.4 92.9 98.4 100.0 98.4 

 

Table 42: Description of cases of pathogen identification discrepancies between ID plates in the Mini-
Lab and ID plates in the reference laboratory (comparator) vs reference method 

Mini-Lab1 Comparator2 Reference Method3 
Gram-neg Cocci Micrococcus sp. Micrococcus luteus 
Staphylococcus lugdunensis Staphylococcus haemolyticus Staphylococcus haemolyticus 
Comomonas testosteroni Roseomonas sp. Comomonas kerstersii 
Streptococcus pneumoniae Streptococcus sp. Streptococcus oralis 

1 MSF Neg/Pos ID Panel Type 2 (Beckman-Coulter) or pre-ID at the Mini-Lab 
2 MSF Neg/Pos ID Panel Type 2 (Beckman-Coulter) in Bicêtre 
3 MALDI-ToF in Bicêtre 
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Summary of Identification Performance Results 
• Very good identification agreement for pathogens (genus + species) versus refer-

ence methods 

• Very good genus agreement for contaminants 

• However, some issues requiring attention were identified, especially on pre-ID tests: 

o Gram staining: a few erroneous results due to wrong interpretation or over-
decolorised staining, a few discrepancies with AMNP adding confusion 

o In polymicrobial cultures: A few subcultures and polymicrobial Gram status 
were undetected due to overloaded subcultures at inoculation, therefore  
non-pure ID plates were inoculated, subculture with purity check should be 
performed (same routine practice in conventional laboratory) 

o Pneumococci identification: possible erroneous Pastorex interpretation 

o Contaminants: ID plates done even if not recommended by procedures in 
case of Gram-positive Bacilli or yeast, which raises the issue of technicians 
trusting their pre-ID results 

o Yeast: lack of experience in gram status and subculture recognition  

3.3.3.3. Antibiotic Susceptibility Testing 

Microscan Beckman Coulter results were compared to the reference laboratory re-
sults obtained by E-test/MIC in a liquid medium and by a diffusion method as per EU-
CAST 2021 recommendations, in order to define Microscan AST plate agreement and 
performance. For amoxi-clavulanate and piperacillin-tazobactam, tests were repeated 
with the MIC method in a liquid medium (Sensititre, Thermo Fisher) for Gram-negative 
organisms after observing the heterogeneous resistance of several strains as previously 
observed during the evaluation in the laboratory as described in Chapter 3. The error 
classification was done as per ISO20776-2: 2007 as described in Chapter 3.  

Antibiotics for Clinical Use 
• Gram-negative AST Panel 
The different Gram-negative AST plate readings showed very good categorical 

agreements (Table 43). Colistin was interpreted on a small number of strains because, 
due to inconsistencies in MICs when compared with reference methods, Beckman-
Coulter, the manufacturer, recommends not to give colistin results for Salmonella spp., 
Acinetebacter spp. and Enterobacter cloacae. Major errors on colistin concern 2 Pseu-
domonas aeruginosa and 1 Klebsiella pneumoniae. 

Table 43: Agreement with reference methods of the results obtained on Gram-negative AST panel for 
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antibiotics used for treatment 
Antibiotic AMP AMC CRO CTZ PIT IMI MER CIP TIG AMI TRS COL 
n tested 51 51 51 54 54 56 56 56 36 56 53 20 
n Minor Error ( S <> I, I <> R) 

   
2 3 

 
2 

     

n Major Error (R instead of S) 
  

1 
 

1 
  

3 
 

2 
 

3 
n Very Major Error (S instead of R) 

    
2 

     
1 

 

% Categorical Agreement 100 100 98 96 89 100 96 95 100 96 98 85 
% Major Error 0 0 2 0 2 0 0 5 0 4 0 15 
% Very Major Error 0 0 0 0 4 0 0 0 0 0 2 0 
AMP: ampicillin; AMC: amoxicillin-clavulanate; CRO: ceftriaxone; CTZ: ceftazidime; CTA: cefotaxime; PIT: piperacillin-tazobactam; IMI: 
imipenem; MEM: meropenem; CIP: ciprofloxacin; TIG: tigecycline; AMI: amikacin; TRS: cotrimoxazole; COL: colistin; 
 

• Gram-positive AST Panel 
o Genus Staphylococcus 

The different Gram-positive AST plate readings for Staphylococci showed very good 
categorical agreement, except for cotrimoxazole, clindamycin, erythromycin and 
fosfomycin (Table 44). For these 4 antibiotics, the results were compared between 
Gram-positive AST plates (Beckman-Coulter) done at Bicêtre and the reference 
method. There was a better agreement for clindamycin, erythromycin and fosfomycin 
than with Gram-positive AST plates done in the Mini-Lab (Table 45). The reading of all 
the pictures generated of Gram-positive AST plates at the Mini-Lab was repeated which 
showed discrepancies for erythromycin or clindamycin versus the reference method to 
check. All readings were consistent with the result obtained at the Mini-Lab. However, 
a case of “skipped wells” for erythromycin was observed and false interpretation of 
resistance (MIC 0.5 well without growth, MIC 1 well with growth, MIC 2 well without 
growth). It was recommended to rested of the plate if similar cases were observed and 
to reinforce the lab technicians’ training using this occurrence as a case study. No 
Methicillin-resistant Staphylococcus aureus (MRSA) were identified at the Mini-Lab or 
in the reference laboratory. 

Table 44: Agreement between the results obtained on the Gram-positive AST panel in the Mini-Lab for 
Staphylococcus sp. and AST reference methods for antibiotics used for treatments. 
Antibiotic PEN FOX TRS CLI VAN TEI TIG TET ERY FOS 
n tested 8 11 21 21 21 21 21 20 21 17 
n Minor Error ( S <> I, I <> R) 

   
1 

      

n Major Error (R instead of S) 1 
 

3 2 
  

1 2 5 3 

n Very Major Error (S instead of R) 
  

1 
      

1 
% Categorical Agreement 88 100 81 86 100 100 95 90 77 76 
% Major Error 13 0 14 10 0 0 5 10 23 18 
% Very Major Error 0 0 5 0 0 0 0 0 0 6 
PEN: penicillin; FOX: cefoxitin; TRS: cotrimoxazole; CLI:clindamycin; VAN: vancomycin; TEI: teicoplanin; TIG: 
tigecycline; TET: tetracycline; ERY: erythromycin; FOS: fosfomycin  
 

Table 45: Agreement between the results obtained on the Gram-positive AST panel (Beckman-Coulter) 
in Bicêtre for Staphylococcus sp. and the reference methods for antibiotics with major errors between 



 

 

 

RESULTS – CHAPTER 4 
 

 

 

223 
 
 
 

 

the Mini-Lab results and the reference method 
Antibiotic TRS CLI ERY FOS 
n tested 21 21 21 17 
n Minor Error ( S <> I, I <> R) 7 

   

n Major Error (R instead of S) 
 

1 
 

 

n Very Major Error (S instead of R) 1 1 1 2 
% Categorical Agreement 62 90 95 88 
% Major Error 0 5 0 0 
% Very Major Error 5 5 5 12 
TRS: cotrimoxazole; CLI: clindamycin ; ERY: erythromycin ; FOS: fosfomycin  

 

o Enterococcus Genus 
Categorical agreement was excellent for all antibiotics interpreted for Enterococci 

on the Gram-positive AST plates. It should be noted however that only a very small 
number of strains were tested (Table 46). 

Table 46: Agreement with reference methods of the results obtained on Gram-positive AST panel for 
Enterococcus sp. for antibiotics used for treatment 
  

AMP VAN TEI TIG 
n tested 4 4 4 4 
n Minor Error ( S <> I, I <> R) 

    

n Major Error (R instead of S) 
    

n Very Major Error (S instead of R) 
    

% Categorical Agreement 100 100 100 100 
% Major Error 0 0 0 0 
% Very Major Error 0 0 0 0 

AMP: ampicillin; VAN: vancomycin; TEI: teicoplanin; TIG: tigecycline  
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• Fastidious Microorganism AST Panel (Streptococcus sp., Haemophilus sp.) 
It was difficult to evaluate the categorical agreement for this panel due to the small 

number of strains tested. However, the agreement was good, any errors were minor 
(Table 47). 

Table 47: Agreement with reference methods of the results obtained on fastidious microorganism AST 
panel for Streptococcus sp and Haemophilus sp. for antibiotics used for treatment 

 
AMP CRO* CIP* CLI$ VAN$ LEV$  

n tested 8 3 3 5 5 5 
n Minor Error ( S <> I, I <> R) 2 

    
1 

n Major Error (R instead of S) 0 
   

2 
 

n Very Major Error (S instead of R) 0 
     

% Categorical Agreement 75 100 100 100 60 80 
% Major Error 0 0 0 0 40 0 
% Very Major Error 0 0 0 0 0 0 

AMP: ampicillin; CRO: ceftriaxone; CIP: ciprofloxacin; CLI: clindamycin; VAN: vancomycin; LEV: levofloxacin 
*Pneumococcus only 
$ Streptococcus sp. only. 

 
Resistance Mechanisms 
Among all strains tested with the reference method, twelve Enterobacterales were 

detected by the Mini-Lab as multi-resistant organisms: two were Carbapenem Resistant 
Acinetobacter baumannii (CRAB) and ten were extended spectrum Beta-Lactamase 
(ESBL producing organisms). These resistance mechanisms were confirmed by refer-
ence methods at Bicêtre for the ten strains (disk synergy method between amoxicillin-
clavulanate and 3rd generation Cephalosporins). The definition of extended spectrum 
Beta-Lactamase (ESBL) used by the Mini-Lab is outlined in Table 48 and is consistent 
with the EUCAST definition[115]. 

Table 48: . Criteria used for the definition of extended spectrum beta-lactamase (ESBL) from the minimal 
inhibitory concentration (MIC) results as per EUCAST and AST plate manufacturer (Beckman-Coulter) 
recommendations 

Resistance Mechanism Organisms MIC Criteria (mg/dl) 

ESBL Enterobacterales and 
Pseudomonas aeruginosa 

 CTA 16 to > 16 and CTXAC <= 0.5/4 
or 
CTZ 4 to > 16 and CCV <= 0.25/4 
or 
CTA > 16 and CTXAC = 4/4 

CTA: cefotaxime ; CTXAC: cefotaxime-clavulanate; CTZ: ceftazidime; CCV: ceftazidime-clavulanate 

 
Antibiotics Used for Surveillance 
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The categorical agreement of the antibiotics used for surveillance rather than for 
treatments are shown Table 49 per type of MIC panel. Very good results for the Gram-
negative AST panel was observed. Good results for Gram-positive AST Panel, except 
for ciprofloxacin (7/22 minor errors) and gentamicin (3/22 major errors) which may be 
due to the small number of strains tested. Good results were observed for the fastidious 
AST panel, except for cotrimoxazole and chloramphenicol which may be due to the 
very small number of strains tested. 

Table 49: Agreement with reference methods of the results obtained on the various AST panels for 
antibiotics used for surveillance 

  Gram-negative 
Panel 

Gram-positive Panel 
(Staph + Enterococcus) 

Fastidious panel 

ERT CHL GEN LIN CIP GEN AMI QUD DAP TRS CHL MEM LIN 
n tested 51 50 53 25 21 23 21 25 21 8 8 3 5 
n Minor Error      2   7     2   3       
n Major Error  2 1 2     3 1 1 1 2 1     
n Very Major Error    2                 1     
% Categorical Agreement 96 94 92 100 67 87 95 88 95 38 75 100 100 
% Major Error 4 2 4 0 0 13 5 4 5 25 13 0 0 
% Very Major Error 0 4 0 0 0 0 0 0 0 0 13 0 0 

ERT: ertapenem; CHL: chloramphenicol; GEN: gentamicin (high concentration gentamicin for Enterococcus sp.); CFXS: 
cefotaxime; LIN: linezolid; CIP: ciprofloxacin; AMI: amikacin; FOS: fosfomycin; QUD: quinupristin-dalfopristin; DAP: 
daptomycin; TRS: cotrimoxazole; MEM: meropenem 

3.3.3.4. Proportion of inconclusive results or difficult result interpre-
tation in the Mini-Lab for pre-ID, ID and AST. 

In total, 241 positive blood cultures bottles among 271 positive bottles (88.9%) were 
documented by the Mini-Lab team to record repeated or reread inconclusive tests. 

For pre-ID testing, 26% of documented positive blood cultures led to the repetition 
of at least one test, mostly gram staining for 11%, AMNP for 9% and coagulase for 13% 
of the tested strains (Table 50). For ID testing, around 8% of ID plates processed had 
to be repeated, re-incubated or reread because of inconclusive or questionable results 
(Table 51). For AST testing, less than 1% of the plates processed had to be repeated 
(Table 52). Overall, depending on Gram status, the Mini-Lab team had to repeat more 
pre-ID tests (32.4%) and more ID tests (7.8%) for Gram positive bacteria than Gram 
negative bacteria (Table 51).  

In the end, complete identification could not be done for four strains: two Gram-
positive Cocci for which ID/AST plate with no growth or unreadable, one Gram-positive 
Cocci and one Gram-negative Cocci for which there was no growth in subculture. 
 

Table 50: Proportion of repeated/ reread pre-ID tests and reasons 
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 Number of repetitions 
(N) Total % 

Gram+ Gram- 
Total pre-ID tests 142 97 239  
Total number of blood cultures with at least one repeated pre-ID 
test (N=239) 

46 16 62 25.9 

Gram staining (N=241) 18 8 26 10.8 
Inconclusive/ discrepant results    16  
Questionable results   8  
Inconclusive AND questionable results    1  
Other   4£  

Catalase (N=231) 12 3 15 6.5 
Inconclusive/ discrepant results    11  
Questionable results   4  

Oxidase (N=231) 2 8 10 4.3 
Inconclusive/ discrepant results    8  
Questionable results   2  

AMNP (N=129) 8 4 12 9.3 
Inconclusive/ discrepant results    8  
Questionable results   5  

Colorex (N=225) 2 1 3 1.3 
Inconclusive/ discrepant results    3  

Coagulase (N=150) 20 0 20 13.3 
Inconclusive/ discrepant results    2  
Questionable results   15  
Other   3$  

Note: denominators correspond to the samples which had a result (pos, neg, NA) documented in LIMS 
£ Repetition of a slide by isolate (3), rereading (1) 
$ For confirmation, reassurance. 

Table 51: Proportion of repeated ID plates and reasons 
 Number of repetitions 

(N) Total % 
Gram+ Gram- 

Total number of ID plates done (N=237) 141 96 237  
Number of repeated ID plates  11 7 18 7.6 

Repetition of the same ID plate type 5 2 7 3.0 
Inconclusive/ discrepant results  2  1  
Questionable results 2 1 3  
Other (no growth) 1  1  

Change of ID plate type used 1 1 2 0.8 
Inconclusive/ discrepant results   1 1  
Questionable results 1  1  

Re-incubation 1 1 2 0.8 
Specific visual rereading of test(s) on the same plate 4 3 7 3.0 

Inconclusive/ discrepant results  1 1 2  
Questionable results 3£ 2* 5  

*1 Rereading of the entire plate for Hafnia alvei, and rereading of ONPG for Salmonella sp. 
£ 1 Rereading of the entire plate for Gemella sp., 1 PHO for S.epidermidis, 1 PVR CoNS 

Table 52: Proportion of repeated AST plates and reasons 
 Number of repetitions 

(N) 
Total % 
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Gram+ Gram- 
Total number of AST plates done (N=231) 137 94 231  
Number of repeated AST plates  1 1 2 0.9 

Repetition of the same ID plate type 1 1 2 0.9 
Inconclusive/ discrepant results      
Questionable results 1 1   

Change of ID plate type used 0 0   
Re-incubation 0 0   

 
The two antibiograms requiring repetition due to questionable results were for 
Acinetobacter lwoffi and E. faecium. 
 

Table 53: Proportion of inconclusive results or difficult result interpretation for pre-ID, ID and AST. 
 

N results 

N inconclusive results 
requiring repetition/ 
rereading/ or re-

incubation 

% Inconclusive results or 
difficult result 
interpretation 

Pre-ID (at least one test)    
Gram+ 142 46 32.4 
Gram- 97 16 16.5 

ID    
Gram+ 141 11 7.8 
Gram- 96 7 7.3 

AST     
Gram+ 137 1 0.7 
Gram- 94 1 1.1 

3.3.4. Ease of Use and Usability of the Mini-Lab 

3.3.4.1. Ease of use 

At the end of the initial training, the 2 lab technicians considered all pre-analytical, 
analytical and post-analytical aspects of the Mini-Lab easy to use (score > 90%), except 
for (Table 54) (i) the reading of blood culture bottles which appeared more complicated 
for technician 1 after the first training, but not later on, (ii) the ID and AST plate inocu-
lation system, but considered easy later on, (iii) the ID and AST plate reading and in-
terpretation, but considered easy later on, and (iv) the use of the autoclave, but con-
sidered easy later on. A third technician came to the Mini-Lab in November 2021 and 
was trained by the microbiologist and the supervisor. The total ease of use score after 
the initial training was far lower when compared to his colleagues (score = 45%) but 
after 3 months of experience, the total score reached 83%, which was similar to his 
colleagues’ scores (Figure 56). However, these result raises the question of training ef-
ficiency when the Mini-Lab is in use versus training at the time of implementation. 
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Table 54: Ease of use score (%) per section of the self-administered questionnaire for 3 laboratory 
technicians 3 times during the study period 
 

M+0 
(After initial training) 

M+2/3  
(3 months after the end of 

training) 

M+8  
(8 months after the end of 

training) 
Lab 
tech 1 

Lab 
tech 2 

Lab 
tech 3 

Lab 
tech 1 

Lab 
tech 2 

Lab 
tech 3 

Lab 
tech 1 

Lab 
tech 2 

Mini-Lab Comfort and Workspace Layout 100 98 58 98 96 81 98 98 
Signage 100 96 54 100 100 83 100 100 

Sample Receipt 89 80 48 98 91 80 98 96 

Oxidase Test 92 83 39 100 92 78 100 84 

Gram Staining and Reading 91 87 47 96 93 79 93 93 

Aminopeptidase Test 89 83 50 97 97 86 100 92 

Blood Culture Bottle 81 92 42 94 90 81 96 96 

Subculture System ( InTray ) 97 94 44 100 88 84 100 94 

Plate Inoculation System (Renok+Prompt) 84 80 46 98 98 84 98 93 
ID Plate Reading and Interpretation 79 77 35 96 85 79 92 94 

AST Plate Reading and Interpretation 81 90 35 100 94 87 98 96 

Waste Autoclaving 72 86 39 97 94 89 94 94 

Final Score  88 87 45 98 93 83 97 94 

 

 
Figure 56: Final score (%) of the ease of use by a technician 3 times during the study period 

3.3.4.2. Competency assessment 

The analytical SOP compliance assessment (BCB, pre-ID, ID, AST reading) as assessed 
by the microbiologist, showed very high scores (> 90%) for most procedures (Table 5). 
The three technicians had difficulty preparing inocula for ID/AST plates and reading ID 
and AST plates after their first training, but there was a good improvement after the 
second training and 2 to 3 months of experience (Table 55, Figure 57). 
 

Table 55: Analytical POS competency assessment score (%) evaluated by the microbiologist for 3 
laboratory technicians, three times during the study period 
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M+0 (after initial training) M+3 (3 months after the 

end of training) 
M+8 (8 months after the 

end of training)  
Lab 
tech 1 

Lab 
tech 2 

Lab 
tech 3 

Lab 
tech 1 

Lab 
tech 2 

Lab 
tech 3 

Lab 
tech 1 

Lab 
tech 2 

Sample Reception and Recording 100 100 100 100 100 100 100 100 
Blood Culture Bottle Incubation 100 100 100 100 100 100 100 100 
Sample Collection Kit 100 100 100 100 100 100 100 100 
Blood Culture Bottle Reading 90 100 100 100 100 100 100 100 
Subculture Inoculation  100 100 100 100 100 100 100 100 
Subculture Reading 100 75 80 100 100 100 100 100 
Gram 100 100 100 100 100 100 100 100 
Coagulase 100 100 100 100 100 100 100 100 
AMNP 83 100 100 100 100 100 100 100 
Oxidase 100 100 100 100 100 100 100 100 
Catalase 100 100 100 100 100 75 100 100 
Pre-ID Algorithm 100 100 100 100 100 50 100 100 
Inoculum Preparation for ID/AST Plates 100 100 69 100 100 100 100 100 
ID/AST Plate Inoculation 80 100 100 100 100 100 100 100 
ID/AST Plate Incubation 67 67 67 100 100 100 100 100 
ID Plate Reading 78 78 80 100 100 80 100 100 
MIC Plate Reading 67 78 64 100 100 91 100 100 
Equipment: Autoclave 100 100 88 100 100 100 100 100 
Equipment: Densitometer 100 100 100 100 100 100 100 100 
Equipment: Log Tag 100 100 100 100 100 100 100 100 
Task/ Maintenance/ Log Register 100 100 100 100 100 100 100 100 
Final Score  93 95 89 100 100 96 100 100 

 

 

Figure 57: Final score (%) of competency assessment per technician 3 times during the study period 

3.3.4.3. Incident reporting  

Three major pre-analytical or post-analytical non-compliances were recorded; (i) a 
transcriptional error of identifiers into a final report (January 2022), (ii) a night sample was 
received without any identification on the order or on the bottle (December 2021), and (iii) a 
sample received with blood in the carrying bag (January 2022). 

 

There were some malfunctions of the VBA-LIMS and the Mini-LIMS, but these were 
solved with updates to the Mini-LIMS and the new versions implemented, for example 
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(i) “New Year’s Day Bug” for three days, prohibiting the recording of 22 samples, and 
(ii) several antibiograms were not visible in the VBA or Mini-LIMS sample log. 

3.3.5.  Robustness and Usability  

Temperatures in the Mini-Lab rose above the normal ranges at times, due to air-
conditioner breakdowns or the systems being switched off to reduce electricity con-
sumption in the hospital when there were generator problems. The rises in temperature 
did not impact the functioning of the lab nor of equipment. 

Regarding equipment, no major failure was noted which would have impacted the 
functioning of the Mini-Lab. A few problems were noted with: 

• Autoclave: (i) Leaking out of the seal, (ii) error message about sterilisation be-
cause one of the 2 probes did not reach the required temperature, the problem 
was fixed by changing the probe’s positioning, (iii) cycles interrupted because 
of power cuts and (iv) the valve did not work during a monthly maintenance. 

• Refrigerator: Too much condensation/ dampness, which required a maintenance 
visit from the biomedical supervisor 

• Freezer: Rise in temperature following power cuts 

• Several incubators: Falling below temperature target values (corrective action 
taken) 

All these problems were recorded and taken into consideration by the Mini-Lab pro-
ject team to improve training and follow-up for these equipment. Several problems 
were linked to the power supply in the Mini-Lab, which was sometimes unstable be-
cause it was dependent on the hospital generator. Power surges were noted, but no 
device was damaged thanks to voltage limiters included in the box benches modules.  

3.3.6. Antibiotic prescription practice of clinicians related to patients with 
positive blood culture(s) with clinically significant pathogens(s)  

This evaluation criterion highly depends on multiple factors: (i) Antibiotic Steward-
ship program, (ii) previous training, and (iii)the actual clinical prescription competencies 
of the clinicians.  

Overall, 105/120 (87.5%) individuals with pathogen positive blood cultures were 
documented. Among them, 81 (77.1%) received empirical treatment before the recep-
tion of the first bacteriological results (Table 56). The empirical treatment most fre-
quently administered was Ceftriaxone (29.6%), followed by Amoxicillin (18.5%) and the 
Cloxacillin/Ceftriaxone combination (12.3%) (Table 56). 
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Table 56: Empirical antibiotic treatment received for 105 participants with pathogen positive blood 
cultures 

 
Neonates Child Adult Total % 

ceftriaxone 1 22 1 24 29.6 

amoxicillin 0 11 4 15 18.5 

cloxacillin + ceftriaxone 0 10 0 10 12.3 

Ampicillin+ gentamicin 4 4 0 8 9.9 

ampicillin 1 2 2 5 6.2 

Amoxicillin+ ceftriaxone 0 3 1 4 4.9 

amoxiclav 0 2 1 3 3.7 

cloxacillin 0 2 0 2 2.5 

Cloxacillin+ clindamycin+ceftriaxone 0 2 0 2 2.5 

Amoxicillin+ azithomycin 0 1 0 1 1.2 

Ampicillin+cefotaxime 1 0 0 1 1.2 

Cloxacillin+cefotaxime 1 0 0 1 1.2 

Cotrimoxazole+amoxiclav 0 0 1 1 1.2 

cefixime 0 1 0 1 1.2 

Ceftriaxone+ gentamycin 0 0 1 1 1.2 

Ceftriaxone+ meropenem 0 1 0 1 1.2 

Other 0 1 0 1 1.2 

Total 9 82 14 105 100 

 
Among the 81 patients having empirical antibiotic treatment before receiving any 

bacteriological result (Figure 58): 

• Twenty-six individuals (32%) were already receiving empirical treatment 
adapted to the bacteriological results. The vast majority of these treatments 
(23/26, 88.5%) included ceftriaxone. 

• Fifty-two individuals (64.2%) had no empirical treatment adapted to the bacte-
riological results. Fifteen individuals (27.8%) had amoxicillin, 15 patients (27.8%) 
had ceftriaxone (in combination or not) and 6 individuals had ampicillin-gen-
tamicin (11.1%). 

o Forty-one individuals (50.6%) have had a change of treatment following 
the reception of the bacteriological results. 

o Eleven individuals (13.6%) have had no change of their empirical treat-
ment following the reception of the bacteriological results. 

§ Two individuals died and 1 individual was discharged before re-
ceiving the bacteriological results. 

Among the 24 individuals having no empirical treatment before receiving the bac-
teriological result: 
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• Fourteen patients (58%) started antibiotic treatment after receiving the bacteri-
ological results (12/14, 86% from the detection/ Gram results) 

• Ten patients (9 children and 1 adult) did not start any antibiotic treatment in 
spite of a pathogen positive blood culture. Six individuals were reported as dis-
charged before the reception of the results, 4 of whom were suffering from se-
vere malaria. 

Overall, 52% (55/105) of individuals with pathogen positive blood culture benefited 
from a change of antibiotics or the initiation of antibiotic treatment upon reception of 
bacteriological results. In addition, 25% (26/105) of individuals with pathogen positive 
blood culture were already receiving empirical treatment appropriate to bacteriological 
results, mainly with Ceftriaxone. 

 

Figure 58: Change of antibiotic treatments depending on the bacteriological results 

Significant results have also been noted in the AS internal consultant’s monthly re-
ports by the use of Point Prevalence Survey methodology used by the AS internal con-
sultant, since the opening of the Mini-Lab and presented in Figure 59 and Figure 60 
with (i) improvement of clinical record quality, (ii) better choice of antibiotics and dos-
age, (iii) increasing antibiotic treatment cessation when there are no signs of bacterial 
infection, (iv) improvement of antibiotic treatment de-escalation, (v) improvement in 
the practical attitude of clinicians in the choice of empirical ATB (drug, dose, duration), 
and (vi) more samples taken before starting antibiotics. 
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Figure 59: Result of PPS survey as per MSF protocol among 97 patients chart reviewed between 
November and December 2021 for empirical antibiotic therapy 

 

 
Figure 60: Result of PPS survey as per MSF protocol among 97 patients chart reviewed between 
November and December 2021 for patient therapeutic evaluation at 48h and 72 hours of hospitalisation 
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3.3.7. Microbiological Indicators in Carnot during the course of the study 

3.3.7.1. Blood Culture Positivity Rate 

The pathogen blood cultures positivity rate was higher among neonates (14.7%) and 
children between 6 months and 5 years of age (14.2%), unlike adults where it was lower 
(8.5%). The highest positivity rate was observed in the Intensive Care (15.4%) and TFC 
(14.6%) (Table 57). 
 
 

Table 57: Proportion of pathogen positive blood cultures based on age groups and prescribers 
 

Number of blood 
cultures (n) 

Number of pathogens 
positive blood 
cultures (n) 

% Positivity 

Age Range 
   

[0 – 30 days]  75 11 14.7 
[1 month – 6 months]  96 12 12.5 
[6 months – 5 years] 480 68 14.2 
[5 years – 15 years] 127 14 11.0 

> 15 years 177 15 8.5 
Missing 5 0 0.0 

Prescriber 
   

Neonatology 75 10 13.3 
IC 143 22 15.4 

Paediatrics A/B 466 60 12.9 
Therapeutic Feeding Center 96 14 14.6 

Internal Medicine 176 14 8.0 
Other 1 0 0.0 

Missing 3 0 0.0 

 

3.3.7.2. Pathogen Allocation per Age Group 

The most frequent strains observed among children aged between 1 month and 15 
years were Salmonella non Typhi. Among neonates, several Enterobacterales were 
mainly isolated, Salmonella, Klebsiella and Enterobacter. Among adults, E. coli was the 
most frequent, before Pneumococci (Table 58). 
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Table 58: Isolated Pathogen Allocation per Age Group(n=121) 
Organism name Age range 

0-30 days  1 - 6 months 6 m - 5 years 5 - 15 years > 15 years 

n % n % n % n % n % 
Salmonella sp 2 18.2 6 50.0 37 53.6 7 50.0 2 13.3 
Escherichia coli 0 0.0 1 8.3 3 4.3 1 7.1 7 46.7 
Streptococcus pneumoniae 1 9.1 0 0.0 5 7.2 2 14.3 3 20.0 
Staphylococcus aureus 0 0.0 0 0.0 5 7.2 2 14.3 0 0.0 
Klebsiella pneumoniae 2 18.2 0 0.0 4 5.8 0 0.0 0 0.0 
Enterococcus faecium 1 9.1 1 8.3 3 4.3 0 0.0 0 0.0 
Gram-negative Cocci 1 9.1 0 0.0 2 2.9 1 7.1 0 0.0 
Haemophilus influenzae 0 0.0 2 16.7 1 1.4 0 0.0 0 0.0 
Pseudomonas aeruginosa 0 0.0 0 0.0 2 2.9 1 7.1 0 0.0 
Acinetobacter lwoffii 0 0.0 0 0.0 2 2.9 0 0.0 0 0.0 
Enterobacter cloacae 2 18.2 0 0.0 0 0.0 0 0.0 0 0.0 
Haemophilus sp. 0 0.0 1 8.3 1 1.4 0 0.0 0 0.0 
Neisseria meningitidis 0 0.0 0 0.0 2 2.9 0 0.0 0 0.0 
Acinetobacter baumannii 1 9.1 0 0.0 0 0.0 0 0.0 0 0.0 
Acinetobacter sp. 0 0.0 0 0.0 0 0.0 0 0.0 1 6.7 
Gram-positive Bacilli 0 0.0 0 0.0 0 0.0 0 0.0 1 6.7 
Comomonas testosteroni 0 0.0 0 0.0 0 0.0 0 0.0 1 6.7 
Gemella sp. 0 0.0 0 0.0 1 1.4 0 0.0 0 0.0 
Klebsiella sp. 0 0.0 1 8.3 0 0.0 0 0.0 0 0.0 
Staphylococcus lugdunensis 1 9.1 0 0.0 0 0.0 0 0.0 0 0.0 
Staphylococcus paucimobilis 0 0.0 0 0.0 1 1.4 0 0.0 0 0.0 
Total 11 100.0 12 100.0 69 100.0 14 100.0 15 100.0 
 

3.3.7.3. Antibiotic Resistance 
 
Among multi-drug resistant isolates confirmed by the reference laboratory, the fol-

lowing were confirmed: 

• 10/61 (16.4%) Enterobacterales ESBL (1 Enterobacter sp., 4 E. coli, 4 Klebsiella 
pneumoniae, 1 Salmonella sp.) 

• 1/2 (50%) Carbapenem resistant Acinetobacter baumannii  
• 2/6 (33%) Ampicillin resistant Haemophilus influenzae  
• 1/39 (2%) Fluoroquinolones resistant Salmonella 
• 1/4 (25%) Penicillin resistant Pneumococcus spp. 
Further analysis of these resistant strains using whole genome sequencing did not 

occur due to an inability to request the authorisation by the local ERB. 
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3.4. Discussion 

After the study at Drouillard, Haiti, this was the second evaluation of the Mini-Lab 
but strictly with clinical samples at an MSF-supported hospital.  

The study demonstrated that the key performance indicators of the Mini-Lab were 
very good as assessed during the study period. The one exception was the contamina-
tion rate which was 15%, which is higher than the recommended 3% threshold. Of note, 
the 3% contamination rate target is very strict and has not yet been reached in all MSF-
supported bacteriological laboratories, even those that have been operating for years. 
In addition, some European hospital laboratories are also far from this target. A recent 
study on blood cultures quality indicators in a French hospital showed a 27.2% con-
tamination rate over a one year period[149]. Thus, the improvement of sample quality 
and of asepsis measures is an actual challenge and requires targeted and sustained 
attention from the medical team. 

Pre-ID 
Compared to the previous version of the Mini-Lab, the use of the pre-ID automated 

algorithms helped to improve the final interpretation based on the different culture, 
pre-ID tests and subculture results. The introduction of Gram staining in the new ver-
sion of the Mini-Lab was also very favourable. Few errors in Gram interpretation were 
noted (< 5%), these were mostly due to over-decolourisation, but this is acceptable 
when compared to published data from conventional laboratories in high-income 
countries. A large multicentre study showed that Gram staining results did not corre-
spond to culture results for 5% of all samples[150]. If Aminopeptidase is kept in parallel 
with Gram status in pre-ID procedures, what to do in case of discrepancies between 
Aminopeptidase and Gram staining should be clear, and for which particular microor-
ganisms. Other pre-ID tests remain crucial for referral diagnosis. Particular attention 
should be paid on Oxidase for Gram-negative Bacilli, as an erroneous interpretation of 
Oxidase results may lead to an erroneous referral diagnosis. As recommended follow-
ing the 1st evaluation in Haiti, coagulase was implemented to discriminate Staphylo-
coccus aureus from coagulase-negative Staphylococci. This was successful and even if 
some tests had to be repeated, there was no identification error for Staphylococcus 
aureus vs. Coagulase-negative Staphylococci. 
 

ID  
The comparison between the Mini-Lab results and the reference methods for ID 

generally shows very good correlation, as expected from previous analytical validations 
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of the different analytical components and the in the field evaluation study in Haiti. The 
agreement of pathogen identification to the genus and species of ID plates was 97%, 
and 90% respectively. For time saving and reliability purposes, an internal system to 
help with the reading and interpretation process of ID and AST panels was developed 
by the Mini-Lab team (assisted reading system ARS) and replaced the Biomic auto-
mated reader of the previous version of the Mini-Lab. Considering the poor perfor-
mances of Gram-positive ID plates for Streptococci as highlighted in the assessment in 
Haiti, the Pastorex Meningitis (Bio-Rad®) agglutination test was introduced in the new 
version of the Mini-Lab to confirm Streptococcus agalactiae and  Streptococcus pneu-
moniae. No S. agalactiae were isolated in Carnot, but among the 7 Pneumococci iden-
tified by the Mini-Lab and sent to the reference laboratory, 4 have been confirmed and 
1 was shown to be a Streptococcus oralis (2 others had incorrectly been stored and 
could not be isolated). The discrepancy of S. pneumoniae  vs S. oralis is not rare in any 
laboratory. These species are very close to the Streptococcus mitis group and the 
wrong identification of these species is due to a common evolutive origin and to hori-
zontal gene transfer between Streptococcus species in the same ecological niche[151]. 
It could also be due to the loss of their inherent characteristics with successive seedings 
in the laboratory. However, the Streptococci grouping latex agglutination test (Pas-
torex )technique can sometimes be difficult to interpret, and false positive results have 
recently been observed with Enterococcus strains in another Mini-Lab site. It is there-
fore essential to reinforce training and the follow-up of these tests to ensure the most 
accurate possible interpretation.  

A few points of improvement were identified for organism identification; 

• increase lab technician training on the necessity of culture purity before pro-
ceeding further with the investigation, 

• resorting to subculturing to isolate colonies in case colonies are not usable must 
be a controlled process, routinely implemented, especially since sample con-
tamination rates can be high at the beginning of the activity. Purity plates could 
be used along with ID and AST plates to check inoculum purity at the beginning, 
when the contamination rate is high and the technicians still have limited expe-
rience. 

• Yeast recognition: reinforce training to help technicians identify yeast more eas-
ily on gram and culture. 

Antibiogram 
The agreement of Gram-positive and Gram-negative AST panel results compared 

with reference methods showed no systematic errors associated with an 
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organism/antibiotic combination. Some discrepancies can be explained by the varia-
bility of the inherent methods. Some variability in particular is known for amoxicillin-
clavulanate [142] and colistin, even with automated reference methods. For example, 
for Colistin, Vitek 2 (bioMérieux®) showed < 90% categorical agreement with 36% of 
very major errors compared with microdilution methods [143]–[145]. ISO20776-2: 2007 
standards on the assessment of antibiogram devices performances define method ac-
ceptability thresholds after advancing and standardised validation (categorical agree-
ment ≥ 90%; major error rate ≤ 3%; very major error rate ≤ 3%). These criteria are not 
appropriate to evaluate the performance of the Mini-Lab AST method because as the 
procedures of a formal validation were not followed as this was not the goal of the field 
evaluation. However, the proportion of major errors (resistant instead of susceptible) 
or very major (susceptible instead of resistant) between the results given by the Mini-
Lab and the reference methods was ≤ 5% for most antibiotics used for treatment.  

Significant discrepancies for Gram-negative AST Panel concerned colistin (3/20 
major errors, 15%), among which 2 out of 3 concerned Pseudomonas aeruginosa. In 
spite of a small number of strains tested, this result had already been observed during 
the evaluation study in Haiti (11.2% major error). As resistance to this antibiotic is rare 
among Gram-negative Bacilli, it is recommended to add a “Rare Resistance to be con-
trolled,” alert in the expert system for colistin-resistant non-fermentative Gram-nega-
tive Enterobacterales/Bacilli. It should be noted that colistin should only be used in 
combination with cases of Carbapenem highly resistant organism bacteraemia, as per 
MSF Treatment Guide.  

Heterogeneous resistance was observed for Salmonella and other Enterobacterales 
for amoxicillin-clavulanate and for piperacillin-tazobactam on a solid medium in the 
reference laboratory (Chapter 4), questioning the diffusion method as a valid reference 
method and making it necessary to replace it with a microdilution method. This result 
had already been observed for amoxicillin-clavulanate but not for piperacillin-tazobac-
tam in the initial Beckman-Coulter AST plate study[101] and in Haiti. However, hetero-
geneous resistance to piperacillin-tazobactam has been observed in several studies for 
E. coli, confirming our results[152], [153].  
Significant discrepancies for Gram-positive AST Panel concerned cotrimoxazole 

(3/21 major errors, 14%), clindamycin (2/21 major errors, 10%), erythromycin (5/22 ma-
jor errors, 23%) and fosfomycin (3/17 major errors, 18%). These major errors were not 
observed when comparing the results of Gram-positive AST plates done at Bicêtre and 
the reference method, confirming discrepancies between the AST plate interpretation 
of the Mini-Lab and the reference method. Cotrimoxazole has a specific MIC reading 
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procedure (well with 80% growth decrease) and is difficult to implement and required 
good experience. The technicians may have over-evaluated MIC in certain cases. A case 
of “skipped wells” on erythromycin was observed and falsely interpreted as resistance. 
It was recommend to retest of the plate if similar cases are observed in the future. Some 
cases of discrepancies on Fosfomycin were identified during the assessment in Haiti, 
and variability in MIC between observers had been noted during laboratory assessment 
without affecting categorical interpretation[101]. Additionally, the interpretation of the 
reference method for fosfomycin (agar dilution) is known to be difficult even for expert 
lab technicians at Bicêtre, and probably led to an erroneous MIC reading explaining 
some of the major and very major errors. However, there were only a small number of 
strains tested with the Gram-positive AST panel and the results have to be interpreted 
with caution. There is no questioning of the use of the Beckman-Coulter MicroScan 
method for Gram-positive organisms. Additionally, these discrepancies were mostly 
observed on contaminants not routinely tested and having no impact on treatment.  

The AST panel for fastidious organisms was evaluated on a small number of isolates. 
It is therefore difficult to draw a conclusion on its performances. It was decided not to 
use this panel routinely in the newer version of the Mini-Lab because of the inoculation 
media short shelf life. Indeed, the vast majority of fastidious organisms are susceptible 
to empiric antibiotics, and the routine testing of the panel for therapeutic decision-
making doesn't bring added value. However, this panel was used for antibiotic re-
sistance monitoring by testing all fastidious organism (Haemophilus spp. and Strepto-
coccus spp.) isolated in the Mini-Lab during the study (batch testing). Major errors were 
noted for vancomycin and it was recommended to add a “Rare Resistance” alert on 
Mini-LIMS to monitor these cases. 

Mini-Lab Usability 
The evaluation showed that the Mini-Lab was considered easy-to-use by laboratory 

technicians with no previous experience in microbiology and who attended a specific 
initial training for 6 weeks before the beginning of the study. At the end of this initial 
training, most pre-analytical, analytical and post-analytical procedures were considered 
as very easy to perform and competency assessment was very good. Quick progress 
was observed on inoculum preparation, ID/AST plate reading and blood culture visual 
reading, and excellent competency scores were obtained in all fields after 3 months 
into the study. However, some analytical components were found more complex by lab 
technician 3 who arrived in November 2021, after 3 months of routine functioning of 
the Mini-Lab and in a period of activity upsurge. The total ease of use score after the 
initial training was far lower than his colleagues’ score at the same period (score = 45%) 
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but after 3 months of experience, the total score reached 83%, similar to his colleagues’ 
scores. This result raises the question of training efficiency while the Mini-Lab is in ser-
vice, compared to training efficiency at the time of the Mini-Lab implementation. The 
Mini-Lab showed good robustness to electrical problems impacting air-conditioning 
and cold chain systems. 

Antibiotics Prescription Practices Following Bacteriological Results 
Clinicians seem to have accepted the bacteriological results given by the Mini-Lab. 

Overall, 52% (55/105) individuals with pathogen positive blood culture benefited from 
a change of antibiotics or the initiation of antibiotic treatment upon reception of bac-
teriological results. In addition, 25% (26/105) individuals with pathogen positive blood 
culture were already receiving empirical treatment appropriate for on bacteriological 
results, mainly with ceftriaxone, and which was not changed upon reception of bacte-
riological results. Most cases where bacteriological results were not taken into consid-
eration concerned children who were discharged or dead before the reception of the 
results. 

3.5. Limitations 

Eligibility assessment was not performed for about one hundred individuals during 
peak activities. The health assistant was the only one assessing eligibility following the 
coordinator’s departure two weeks after the beginning of the study. Due to work over-
load, they may have forgotten to note on the eligibility register those individuals who 
had blood culture sampling but who were discharged before eligibility assessment. 
Even if eligible, these individuals could not have been included into the study because 
they were discharged before giving consent. Additionally, one hundred inclusions have 
been documented as not performed due to the discharge or the death of individuals 
before the health assistant could ask them to participate in the study. Thus, 20% of 
individuals having at least one blood culture during the study period were not included 
in the study, which restricts the representativeness of the study results. 

Some strains sent to Bicêtre were contaminated, interchanged or non-viable upon 
arrival: re-isolating before storing had not always been done at the Mini-Lab due to 
work overload. However, blood cultures contamination rates were high. Thus, several 
strains sent to Bicêtre could not be used. 

In total, 32 pathogens among 121 (26%) and 41 contaminants among 174 (24%) 
could not be sent to the reference laboratory due to shipment refusal at Bangui airport 
after several months of attempts. However, the distribution of these unshipped strains 
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was similar to that of the shipped strains processed in the reference laboratory. It there-
fore assumed that the results would not differ from those already obtained. 

The transition between data entry systems in the Mini-Lab (VBA-LIMS, then Mini-
LIMS) occurred with just a few problems and continuous improvement, led to data 
entry errors and losses, which could be identified and corrected.  

3.6. Conclusion 

The Mini-Lab, routinely implemented in a district hospital in Carnot, Central African 
Republic, showed good performances for key indicators as well as in the different an-
alytical components. It also showed good usability and ease-of-use for inexperienced 
laboratory technicians after a one-month training. The major equipment, procedure 
and training adjustments and improvements suggested after the first Mini-Lab evalu-
ation results at Drouillard, Haiti, were implemented in the new Mini-Lab version utilized 
in Carnot and have improved the Mini-Lab usability and results reliability. The study 
also showed that bacteriological results were appropriately used by the medical teams, 
with significant improvements in the prescription practice of empirical and targeted 
antibiotics, supported by the AS internal consultant. This improvement occurred in less 
than 6 months. 
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Discussion: 

From the overall development process described in Chapter 1, the evaluation per-
formed on a ready to use culture media in Chapter 2, the development and evaluation 
of an AST system in Chapter 3, to the different field evaluations of the prototypes iter-
ation described in Chapter 4, this work has been done with a multidisciplinary approach 
in focus and field of expertise. It included technology scouting methods; microbiology 
analytical methods, biosafety measures, biomedical engineering and bioinformatics 
methods, instructional design engineering, identification, adaptation, development 
and testing, iteration of user centre-based approaches and public health approaches. 
Although this type of iterative development is long and tedious, it has provided solid 
scientific results by supporting clinicians in adapting patient treatment. The final vali-
dation of the Mini-Lab deployed in Carnot Public hospital (Central African Republic), 
together with the implementation of an antibiotic stewardship program and improve-
ment of Infection Prevention Control methods, has shown that 52% (55/105) of patients 
with pathogen positive blood culture benefited from a change of antibiotics or the 
initiation of antibiotic treatment upon reception of bacteriological results. We demon-
strated that the key performance indicators of the Mini-Lab were very good during the 
study period with pathogen positivity rate (12.5%) being in the range set within the 
scientific literature[146], except for the contamination rate which was higher (15%) than 
the recommended 3% threshold[146], [147], even if improvements were observed after 
retraining of the staff and involvement of the head nursing managers. The 3% contam-
ination rate target is very strict and is challenging not only for MSF-supported wards 
but for any ward/laboratory in the sub-Saharan region[68] or even in high resource 
settings[149]. Thus, the improvement of sample quality and of asepsis measures is an 
actual challenge and requires targeted and sustained attention from the medical staff. 
Also, our results highlighted in Chapter 4 of the evaluation done in Carnot CPH hospital 
suggested that the aetiology of bacteria identified in positive blood cultures  among 
the paediatric population is consistent with other evaluations done in the region, with 
non-typhi Salmonella being the top organism identified [35], [154], [155]. The rate of 
resistant organisms found among positive blood cultures was lower than what is de-
scribed in several studies from Central African Republic. We observed 17% (10/57) of 
Enterobacterales being resistant to third-generation cephalosporins as opposed to the 
26 and up to 84% of gram-negative bacteria resistant to third-generation cephalospor-
ins described among neonatal sepsis at a maternity hospital in Bangui[156]. Also they 
did not report carbapenem-resistant A. baumannii as opposed to us, demonstrating 



 

 

 

DISCUSSION 
 

 

 

243 
 
 
 

 

that paediatric populations in rural settings can be affected by such resistant organ-
isms.  

Furthermore, the Carnot study highlighted the necessity to avoid missing opportu-
nities for prescription right from the beginning of any Mini-Lab activity. This should be 
linked to a reinforcement of the ASP and the IPC, physicians should be trained in blood 
culture prescription criteria long before the opening of the Mini-Lab and they should 
familiarize with these criteria through prescription simulations on admitted patients. 
To avoid missing opportunities for sampling and reducing BCB contamination rates, it 
is also important to plan nurse training to sampling in the daily busy activity planning, 
to train enough motivated nurses in a limited period and in good conditions. It may 
also be relevant, as was done in Carnot, to open the activities progressively, one unit 
after the other, so as not to overwhelm health care workers, the Mini-Lab staff and to 
reduce contamination rates. 

The usability of the Mini-Lab concept was highlighted to be excellent by the first two 
laboratory technicians, during the evaluation of Carnot. Despite changes of box bench 
technology between the first prototype (plastic sheet boiling assembly) and the second 
prototype (fibre glass resin), laboratory technicians in Haiti ranked 95% and laboratory 
technician in Carnot ranked 97% for Mini-Lab Comfort and Workspace Layout, 
demonstrating that the overall concept, space provided by the bench was good to 
perform daily tasks. Also, rapid progress, after 3 months of practice, was observed on 
inoculum preparation, ID/AST plate reading (from 82% to 98%) and blood culture visual 
reading (from 86% to 92%), and excellent competency scores were obtained in all fields 
also after 3 months into the study. However, the total ease-of-use score after the initial 
training in Carnot of the third laboratory technician employed four months after others 
was far lower than of his colleagues’ score at the same period (score = 45%) but after 
3 months of experience, the total score reached 83%, similar to that of his colleagues’ 
scores. After these results, it was decided to develop a specific process of hiring new 
laboratory technicians while the lab is functioning with the use of the e-learning 
module and dedicated twinning mechanisms described in the Quality Management 
System. Performance and usability results evaluate at different steps of the 
development, demonstrate the consistency of the iterative approach used to adapt the 
different components of the sample workflow management. 

For instance, the initial evaluation of several blood cultures bottles by our colleagues 
at ITM, led to select the Autobio biphasic blood culture bottles[97] read twice a day for 
48 hours then once a day until Day 7. Results of the evaluation in Haiti and in Carnot 
demonstrate that additional terminal sub-culturing is not necessary when we 
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subculture blindly negative BCB at Day 1 and when we use the BCB light box to improve 
visual reading of the BCB. Also the laboratory technician in Carnot mentioned that the 
colour atlas of different types of growth of added value. 

The initial assumption to subculture BCB and obtain colonies to perform down-
stream analysis was supposed to be that biphasic media should allow recovery of col-
onies from the agar phase, unfortunately the experiment led by Ombelet et al. demon-
strated otherwise[97]. We therefore demonstrated in Chapter 2 that ready to use sealed 
packed InTray cassettes composed of chocolate agar and chromogenic agar, initially 
developed for the food and veterinary industries related bacteriology control, were 
able to perform adequately on blood culture[99], allowing growth of most common 
bacteria of medical interest. Surprisingly, our results demonstrate that general bacteria 
thought to require CO2 incubation, such as S. pneumoniae , were able to grow in the 
absence of CO2 incubation [99]. However, despite the validation in laboratory of the 
InTray technology to be used for sub-culturing BCB and improvement made of the 
InTray preparation and subculturing techniques, the study set in Carnot demonstrated 
that it is still complex to obtain single colonies, especially when the BCB is contami-
nated. This finding let us to reinforce training so that technicians don’t overload sub-
culture plates to make it possible to observe a potential polymicrobial culture. Further-
more, we considered as well to incorporate in the workflow, a purity plate when an ID 
and AST inoculum is done, especially during first few months after Mini-Lab deploy-
ment when the contamination rate was high, and the technicians still had limited ex-
perience. 

From the initial idea to the actual system, the pre-ID has been a process of particular 
attention and constant evolution to reach the performance described by the study 
done in Carnot. To improve the time of actionable results, it is current practice to report 
the Gram stain result (Gram-positive or Gram-negative as well as morphology (rods, 
cocci) and configuration or arrangement (chains, diplococci, etc.) to the clinician as 
soon as the blood culture bottle shows signs of growth [157]. As Gram stain can be 
error-prone in inexperienced hands[32], [158], the early concept was to combine single 
reagents commercially available (oxidase, catalase, aminopeptidase) in a customised 
cassette that would be directly used on colonies available from the biphasic BCB media 
with the addition of a single step staining process (methylene blue). With the previously 
described drawback on constant availability of a single colony at Day 1 of BCB positivity 
on agar slant [159] and the incapacity to use aminopeptidase as Gram indicators at Day 
1 from the broth, the evaluation in Haiti revealed the necessity to incorporate the Gram 
staining in the process to provide gram orientation when the BCB turn positive but to 
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keep Aminopeptidase on the second day when colonies have grown on the InTray me-
dia, backing up Gram-staining results. New tests have slowly been added into the pre-
ID system (coagulase, Colorex colour, etc.) that lead to the increased complexity of a 
paper-based algorithm. The decision to transform our approach in a more probabilistic 
approach, as used for the industries involved in phenotypic identification test develop-
ment and incorporate into an expert system has shown during the study of Carnot to 
be successful providing adequate orientation results and was highlighted by the tech-
nicians to be easy-to-use. However, few discrepancies were identified, particularly on 
oxidase on Gram-negatives (82% agreement) resulting in non-fermenting Gram-neg-
ative results instead of Enterobacterales for a few results. Threshold in the algorithm 
was then changed and adapted to reduce the occurrence of such issue and provide a 
more conservative result of Gram-negative bacteria. It is difficult to compare the per-
formance of the algorithm with the literature since we did not find any article that could 
be used to compare our finding. However, as an example, Diagnostic Microbiology 
Development Program (DMDP), a research group based in Cambodia with the support 
of Ellen Jo Baron, Johan Letchford and others [69], [146], [160] have tried a similar ap-
proach by only applying the probability to the generation of unpublished paper-based 
decision trees for test orientations, in use in several laboratories in Cambodia. 

The use of dual ID Microscan panel developed by Beckman Coulter and the addition 
of Pastorex meningitis (agglutination test for identification of bacterial causing Menin-
gitis) into the identification pathway has proven during the evaluation in Carnot to 
provide results of quality for the clinicians with an agreement to genera (refer to groups 
of clinical importance Annex 16) at 97% and with only 3% of discordance with an impact 
on clinical decision. The reduced performance shown by Ombelet et al. [100] on Strep-
tococcus spp. (74% accuracy at species level) identification during the laboratory was 
then improved. Also, Ombelet et al. [100] raised several concerns in regard of the use 
of the dual ID panel by non-experts, such as difficulty to read colour or reactions, dif-
ficulties in calculating the biotypes and difficulties of use of the operating system pro-
vided by Beckman to interpret the results. As shown during the evaluation of Carnot, 
the development of adapted Colour Job aid (see Annex 3, 11, 13) to read and interpret 
the colour reaction, plus the addition of the Assisted Reading System, which guide the 
user to a proper reaction interpretation, has been appreciated by the laboratory tech-
nicians after 3 months of usage (average ease of use score of 90%) and might have 
benefited by increasing performance. 

The AST system highlighted in Chapter 3, developed based on the Microscan MIC 
technology, has been described by the laboratory technician in Carnot to be user-
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friendly in the preparation and inoculation of the MIC panels (score of 94%). The use 
of the PROMPT inoculation system and the Renok to transfer the inoculum preparation 
onto the MIC panel has always been appreciated in the different experiments we con-
ducted[100], [101], however our experiment in laboratory suggest to use PROMPT only 
for MICNEG and Neg/Pos ID panels inoculation to avoid discrepancies on some mole-
cules[101]. Standardisation of the AST system provided by the three panels developed 
with Beckman-Coulter should decrease inter-operator and inter-site result variability 
as opposed to standard disc diffusion method[161], [162]. However, reading of those 
panels has been described to be difficult for few molecules such as cotrimoxazole on 
the Gram-positive AST panel (MICPOS), where the MIC should be placed at 80% of the 
decrease growth compared to the growth control. Performance of visual reading re-
sults between Haiti and Carnot study highlighted this issue with a categorical agree-
ment of: 84% and 81% respectively despite the use of the ARS to help the user in de-
fining appropriate MIC. In the hand of expert users, results reach 95% of categorical 
agreement [101]. Also the agreement of Gram-positive and Gram-negative AST panel 
results compared with reference methods did not show systematic errors associated 
with an organism/antibiotic combination. However, some discrepancies highlighted on 
Clindamycin, Erythromycin and Fosfomycin for MICPOS2, on amoxicillin-clavulanate 
and colistin for MICNEG2 can be explained by the variability of the method inherent to 
any antibiogram method. Some variability in particular is known for amoxicillin-clavu-
lanate [142] or colistin, even with automated reference methods. For example, for col-
istin, Vitek 2 (bioMérieux®) showed < 90% categorical agreement with 36% of very 
major errors compared with microdilution methods [143]–[145]. For surveillance pur-
poses, MIC panels shown very good accuracy during the different experiments in de-
tecting multi-drug-resistant organisms (ESBL, MRSA, CRAB, etc.). 

The heterogeneous resistance phenomenon highlighted for Salmonella spp. tested 
with amoxicillin-clavulanate during the experiment in Bicêtre laboratories and during 
testing of the strain coming from Haiti and Carnot study sites, was a stable phenome-
non across countries. However, another heterogenous resistance phenomenon with 
Piperacillin-Tazobactam was described with the same bacteria coming from Carnot. We 
were not able to further push the experiments on this finding, but this should be ad-
dressed to understand the potential impact on disc diffusion AST testing results of this 
type of bacteria widely identified in the sub-Saharan region with an AST method widely 
used in those settings. 

In contrast to the logistic supply chain required to perform disc diffusion in LRS[64], 
Microscan technology has several advantages such as lowering the number of items to 
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be managed, 12 months shelf life for MIC panels, storage at room temperature for the 
MICPOS2, MICNEG2, MICFAST2, inoculum reagent for MICPOS2, MICNEG2 as com-
pared to the cold chain required for disc diffusion. However, inoculum broth for the 
MICFAST2, HTM and LHB, with short shelf life (6 months) and cold chain requirements 
forced us to change its usage. After a literature review and discussions with our scien-
tific committee, we decided that for all fastidious organisms such as Streptococcus spp., 
Haemophilus spp., AST testing will be done as batch testing for surveillance purposes, 
upon arrival of fresh HTM and LHB broth or referred to the country public health refer-
ral laboratory. Indeed, the vast majority of fastidious organisms are susceptible to em-
piric antibiotics[163]–[166], and the routine testing of the panel for therapeutic deci-
sion-making doesn't bring great added value[167], [168]. However, for treatment pur-
poses and for Haemophilus spp., Beta-lactamase detection test, a chromogenic 
cephalosporin test on a disc (disc of nitrocefin), was added. 

The results presented in this thesis to simplify clinical bacteriology practices so that 
they meet LRS constraints demonstrate that: (i) the concept of clinical bacteriology la-
boratory in LRS should be patient-directed and guided by clinical reality [69]; (ii) it is 
designed to be operated by laboratory technicians that may be non-experts in micro-
biology; (iii) it is based on the idea that a CBLs for LRS should be well conceived, cost-
effective and built-for-purpose, not an “entry-level” version of its counterpart in high 
resource settings [32]; (iv) it uses conventional simple and affordable culture-based 
technologies and quality-assured oriented AST, considered sufficient to improve pa-
tient care and to provide adequate surveillance data, while contributing to the control 
of hospital-acquired infections [64], [68]. In Annex 18, a comparison of the actual Mini-
Lab specification to the original target product profile can be found. 

The development of the Mini-Lab was possible with financial support and expert 
support as described throughout the document and in acknowledgement section. It 
took 6 years of work between selection of the analytical components and equipment 
(with adaptation of some equipment, process, validation in control environment, vali-
dation and adaptation of the procedures) through several field evaluations demon-
strating positive results toward simplification of clinical bacteriology addressing LRS. 

However, this work features as well that simplification of clinical bacteriology at field 
level implies an increased and shared burden of activity for the backup support, a vast 
majority of the difficulties inherent to clinical bacteriology, expert rules, SOP update, 
breakpoint yearly update, supply management, etc. being transferred outside of the 
laboratory in the field. This is achievable within an organisation such as MSF, where we 
can mobilsed expert resources at the Head Quarter level and as well because MSF 
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projects are still much more controlled settings than an average district hospital in 
LMIC. Most of the time our projects are typically equipped with adequate infrastruc-
ture, efficient logistic chains with quality assurance and well-trained staff. 

Therefore, it is not clear if the concept can be exported to other entities, despite the 
numerous numbers of organisations interested in the concept, if a strong back office, 
supply chain is not maintained either. Also, field studies in low-resource settings out-
side of MSF settings, are needed to evaluate and assure good performance in subop-
timal conditions as well. 

Along the different experiments, we highlighted the different limitations related to 
the studies. However, one limitation to the entire work done during this Ph.D is the 
cost-effectiveness part that we partly addressed. An important reason why culture la-
boratory is not widely implemented in low-resource settings outside of its complexity 
is the important cost associated with a high quality culture laboratory . 

In addition, a thorough and comprehensive cost-effectiveness analysis of the impli-
cations of simplifying bacteriology diagnostic capacity has not been considered in this 
work but would be extremely beneficial to other organisations willing to tackle the 
simplification of clinical bacteriology for LRS. Nonetheless even without explicit figures, 
absence of adequate and timely diagnostics of bacterial or fungal infections have im-
mediate consequences on patient care, misuse first-line treatments, increasing hospital 
stays and bed occupancy with the probability of encountering resistant strains, all 
events generating unnecessary added cost for health care.  

As of today 13 January 2023, the cost of the Mini-Lab kit, composed of the equip-
ment, and available from MSF catalogue (cost of transport not included) is around 
37,998 € and was 34,264 € in May 2022. Also, the starter kit with all the necessary 
reagents and consumables to perform 800 blood cultures assuming a 10% positivity 
rate and 5% contamination rate was in January 2023 of 31,808 € and 34,903 € in May 
2022. Since the COVID-19 crisis, we have seen a maximum of 35% inflation rate on 
prices that varies from an item to another. A comparison between the cost of the Mini-
Lab analysis and the conventional microbiology laboratory that can be found in larger 
hospital of MSF is described in Table 59. 

We demonstrated that the direct cost of the Mini-Lab is slightly higher than the 
conventional laboratory on MSF fields of activity, however indirect costs are not all 
integrated to this model, for example it takes only 6 months of presence of an experi-
enced microbiologist to install and have the Mini-Lab running (training, etc.) as 
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opposed to the necessity today to have on the site for the conventional laboratory the 
same expert but for a minimum of a year, sometimes two years[64] 

Table 59: Cost comparison between the Mini-Lab and MSF conventional clinical bacteriology laboratory 
as of January 2023, this cost does not include the price of transportation from MSF Logistique in 
Bordeaux (France) to another country 

Items Cost Mini-Lab Cost Conventional MSF CBL 

Equipment 35 et 42 k€ 
26 k€ some local purchase not included 
(benches, microwave, drainer, hotplate, 
CO2 jar) 

Starter Kit 6 months (training + 
start of activity) 32k€ 31k€ 

IT 1 700 € Local desktop+ 1 laptop supervisor 

HR Laboratory 

Lab: Microbio Expat 6 months + 2 lab 
tech + 1 lab supervisor(can be shared 
with the general lab)+ Microbio ref-
erent visit after 1 year 

Lab: Microbio Expat at least 1 year + 2 
lab tech + 1 lab supervisor(can be shared 
with the general lab)+ Microbio referent 
visit after 1 year 

HR Antibiotic Stewardship /Infec-
tion Prevention and Control: 

HQ visit pre-deployment +  AS and/or IPC consultant for training if needed + AS 
and IPC local supervisor/focal point 

Reorder ~ 25k€ / 4 months ~ 18k€ / 4 months 
Cost per analysis 

Sampling BCB 5,46 € 9,38 € 

NEG Sample  5,28 € 3,93 € 

TOTAL NEG (including sampling) 10,74 € 13,31 € 

 Staph aureus 21,84 € 14,62 € 

 Staph Coag Neg  14,46 € 19,31 € 

 Enterococci  31,29 € 11,38 € 
 Streptococci (Colorex negative / 
Positive) 24,31 - 31,29€ 11,56 € 

 Salmonella spp. 31,35 € 
15,92 € 

 E.coli  19,32 € 

 Non-Fermenting Bacilli Gram neg  31,22 € 16,52 € 

 Haemophilus spp. 22,48 € 17,55 € 

 Neisseria spp. 21,51 € 21,59 € 
POS sample (without sampling) 
MIN  14,46 € 11,38 € 

POS sample (without sampling) 
MAX  31,35 € 21,59 € 

A recent micro-costing study for microbiology laboratories in Southeast Asia, in-
cluding detection of AMR, described cost per specimen from 22 to 31 USD; cost per 
isolate ranged between 105 USD and 304 USD, depending on the volume of testing, 
the level of automation and consumable manufacturers [169]. This cost did not include 
the investment of starting up a microbiology laboratory. In contrast, an acceptable 
price for blood cultures in low-resource settings would be less than 10 USD, and ideally 
less than 5 USD[170]. 

Another development limitation of the Mini-Lab should be noted, the lack of capac-
ity of this version to test pathogenic fungi causing bloodstream infections. Among the 
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fungal pathogens, Candida auris has recently emerged as a powerful public health 
threat. This yeast was first described in 2009 and has since been reported in over 30 
countries reported to cause multiple outbreaks in health care settings[171]. Despite the 
rapid global spread, it is difficult to predict the actual burden of the infection. Clinical 
laboratories often do not identify Candida isolates to the species level, and because C. 
auris is misidentified by commonly available laboratory methods, C. auris may be pre-
sent in other countries, but has not been detected or has not yet been reported. Infec-
tion with C. auris is associated with high mortality rates. The crude in-hospital mortality 
rate for C. auris candidemia among critically ill patients in ICUs is estimated to range 
from 30 to 72%[171]. WHO released in in 2022 a list of health-threatening fungi with 
the prioritization process focused on fungal pathogens that can cause invasive acute 
and subacute systemic fungal infections for which drug resistance or other treatment 
and management challenges exist[59]. A rapid Lateral flow immunoassay has recently 
been developed to detect C. auris directly on positive blood culture, such a test would 
be an ideal companion assay for the Mini-Lab (NG biotech, France), if tested using the 
same approach as done during our work. Therefore in future evolution of the Mini-Lab, 
inclusion of capacity to detect, identify and test susceptibility of fungi should be ad-
dressed. 
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Conclusion: 

In this doctoral thesis manuscript, we demonstrate that adapting clinical bacteriol-
ogy to LRS constraints, in an easy-to-use manner for laboratory technicians that are 
non-experts in microbiology with high quality results to clinicians in the absence of 
onsite experts is challenging yet feasible. To do so, we demonstrated the need of a 
multidisciplinary approach of development methodologies, some of which are taken 
from the field of expertise outside of In Vitro Diagnostic development. We also showed 
that ready to use sealed packed media with long shelf life, generally used in the food 
and veterinary industry for quality control, can be used to subculture blood culture 
bottles. Also, MIC panels in the form of dehydrated ready to use standardised panels 
was demonstrated to be an adapted system in the field of MSF intervention, to main-
tain quality of results in the hands of a non-expert and reduce the burden on the supply 
chain. Also, the iterative approach used to test the different versions of the prototype 
has proved to be valuable to integrate user feedback and improve usability and ro-
bustness. However, simplicity of use comes with a slight increase of cost per test and 
requires strong support services.  

As of today, the Mini-Lab has been deployed with success in four hospitals sup-
ported by MSF (South Sudan, Iraq, Nigeria, Central African Republic) and other loca-
tions are planned in the coming years. Capacity to culture urines has been added to 
the workflow and integration of Multi Drug Resistant organism detection capacity 
through the use of rapid lateral flow immunoassay is in progress. Also, this develop-
ment led to several collaborations with research centres or institutions to test or use 
the Mini-Lab outside of MSF settings, such as Congo Brazzaville with the French Re-
search Institute on Development (IRD), Vietnam with the Oxford University Clinical Re-
search Unit, Indonesia with the Global Antimicrobial Resistance and Use Surveillance 
System units from WHO. Also it led to a collaboration with institutions involved in the 
Tricycle surveillance project from WHO, a one health integrated trans-sectorial surveil-
lance system focusing on Extended Spectrum Beta Lactamase producing E. coli, to 
adapt the Mini-Lab sample management to this surveillance protocol and test a Tricycle 
Mini-Lab version in Indonesia and Democratic Republic of Congo. 

The work described in this thesis is unique and provides a versatile platform in need 
of continuous improvement to stay at the level of quality and ease-of-use. Also, new 
pieces of technologies adapted to LRS constraint, for the detection of resistance or 
identification of certain pathogens, are coming and should be added to improve the 
concept; for diagnostic or surveillance purposes and to address a wider range of mi-
croorganisms. 



 

 

 

CONCLUSION 
 

 

 

252 
 
 
 

 

It will require significant investment to effectively include bacteriology diagnostic 
capacity as one of many essential functions of any diagnostic and laboratory systems. 
There is no easy approach to increase capacity in an era of limited resources and com-
peting priorities. The laboratory capacity to detect, culture bacteria and fungi, identify 
and perform susceptibility testing, are essential laboratory activities in need of major 
improvement in many lower-income countries. Besides the simplification of clinical 
bacteriology as a quick alternative in some settings (areas with no AMR data generated, 
door opener for microbiology testing) and as part of a system approach, investment in 
local production of media, tele-microbiology, quality education, optimisation of sam-
ple network transportation, optimisation of CBL facility placements, prequalification 
mechanisms for quality assured bacteriology tests, supply chain optimisation, well-
functioning public health reference laboratories and the establishment of laboratory 
networks in low-resource settings must be stimulated with political engagement to 
foster local capacity. 
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Annex 1 : Clinical bacteriology in low-resource settings: today’s solutions 

 
  



 

ANNEXES 
 

 

 

272 
 
 
 

 

  



 

ANNEXES 
 

 

 

273 
 
 
 

 

  



 

ANNEXES 
 

 

 

274 
 
 
 

 

  



 

ANNEXES 
 

 

 

275 
 
 
 

 

  



 

ANNEXES 
 

 

 

276 
 
 
 

 

) 
  



 

ANNEXES 
 

 

 

277 
 
 
 

 

  



 

ANNEXES 
 

 

 

278 
 
 
 

 

  



 

ANNEXES 
 

 

 

279 
 
 
 

 



 

ANNEXES 
 

 

 

280 
 
 
 

 

  



 

ANNEXES 
 

 

 

281 
 
 
 

 

  



 

ANNEXES 
 

 

 

282 
 
 
 

 

Annex 2 : Mini-Lab equipment Atlas 

Mini-LIMS: Mini-Lab laboratory information and 
management system 

 

 

  

Incubators: Equipment to maintain an appropriate 
temperature (35 +/-2°C) for the culture of bacteria. Kit 
is composed of : 
• two VWR IL 56 liter capacity (UK) to 

accommodate 8 racks of 10 blood culture bottles.. 
• one INCUDIGIT SV 30L (JP Selecta, Spain) an 

incubator of 30 liter capacity,  can be left 
unpowered for 12 hours due to an insulation 
system using phase change materials, can 
accommodate 60 Intray cassettes and 30 ID or 
AST 

 

ARS (Assisted Reading System): System used for 
reading identification and antibiotic susceptibility 
plates. Composed of (i) 

• microplate viewer box (JP Selecta, Spain), on 
which the plate to be read is placed, and 

• the stand-mounted camera that takes a photo of 
the microplate (for archiving or for use in the 
Mini-LIMS). 

 

Microscope: Used for observation of bacteria after 
Gram staining and at 1000x magnification (eyepiece 
lens x 10 and objective lens x 100) and including a 
camera connected to the Mini-LIMS, MOTIC, 
Panthera series (China) 

 

Autoclave: Apparatus for sterilising waste in the Mini-
Lab, Model 2840 ELC (Tutnauer, Holland) capacity of 
28L with failsafe mode 

Distiller: Apparatus for making distilled water for 
running the autoclave (JP Selecta, Spain)  



 

ANNEXES 
 

 

 

283 
 
 
 

 

Refrigerator: Allows certain reagents to be stored at a 
temperature between 2°C and 8°C, Ice linen (Vestfrost 
) 90Liter of capacity with 24 hours capacity of 
functioning without electricity 

Freezer: Allows strains and reagents to be stored at 
temperatures below -20°C, Ice linen (Vestfrost) 
90Liter of capacity with 24 hours capacity of 
functioning without electricity  

Densitometer: Apparatus used for the production of 
calibrated bacterial suspensions (BioSan ) 

 

LogTag: Recording thermometer for temperature 
monitoring (incubators, refrigerator, freezer, room 
temperature) 

 

RENOK: System used for inoculation of ID and AST 
plates (Beckman Coulter) 

 

GENbag CO2:CO2 generator to facilitate the growth 
of certain bacteria 

 

Scale: Equipment used to weigh blood culture bottles 
before and after collection 

 



 

ANNEXES 
 

 

 

284 
 
 
 

 

Barcode reader: Reads sample barcodes 

 

Slide warmer: Mug Warmer used to fix smears before 
Gram staining,  

 

Printer: Used for printing barcode labels, results and 
various documents 

 

Bottle viewer: LED lamp for easy reading of blood 
culture bottles developed base on Rhesuscope lamp 
technology 
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Annex 3: Bench aid describing the sampling kit 
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Annex 4: Evaluation of the Mini-Lab Carnot using the SLIPTA checklist 

The evaluation was done during the month of November 2021 using the SLIPTA 
methodology[172], [173]. Name of the evaluator: JB Ronat 
  Score obtain Total max score % 
Section 1: Documents & Records 28 28 100% 
Section 2: Management Reviews 8 14 57% 
Section 3: Organization & Personnel  17,5 22 80% 
Section 4: Client Management & Customer Service  2 10 20% 
Section 5: Equipment  29 35 83% 
Section 6: Evaluation and Audits 11 15 73% 
Section 7: Purchasing & Inventory 24 24 100% 
Section 8:  Process Control  28 32 88% 
Section 9: Information Management 21 21 100% 
Section 10: Identification of NC, Corrective/Preventive Ac-
tions  19 19 100% 

Section 11: Incident Management & Process Improvement 12 12 100% 
Section 12: Facilities and Biosafety  36 43 84% 
Total 235,5 275 86% 
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Annex 5: QC strains identification sheet 

 

Annex 6: List of bacteria identified by Mini-Lab Systems: 

This below bacteria list can be identified using the Microscan MSF Neg/Pos ID panels 
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Gram-negative Bacteria Gram-positive Bacteria 

Bacterial group Examples of species in 
group 

ID 
Possibilit

y 
Bacterial group Examples of species in 

group 
ID 

Possibili
ty 

Enterobacter/Citroba
cter/ Serratia 

Citrobacter (freundii, koseri, 
braakii...) 
Cronobacter (sakazakii, 
malonaticus…) 
Enterobacter (cloacae, 
aérogènes...) 

Yes 
Yes 
Yes 

Streptocoques hémolytiques  

Streptococcus pyogenes 
Streptococcus agalactiae 
Streptococcus equi 
Streptococcus dysgalactiae 

Yes 
Yes 
Yes 

Hafnia alvei 
Serratia (marcescens, 
liquefaciens)* 

Yes 
Yes Streptococcus pneumoniae Streptococcus pneumoniae Yes 

Klebsiella  
Klebsiella (pneumoniae, 
ocytoca...)  
Raoultella spp. 

Yes 
Yes 

Anginosus group 
sttreptococcus 

Streptococcus anginosus Yes 

Escherichia coli Escherichia coli Yes 
Streptococcus constellatus Yes 

Streptococcus intermedius  Yes 

Salmonella Typhi 
Salmonella Paratyphi  
A 

Salmonella Typhi 
Salmonella Paratyphi  A* 

Yes 
Yes 

Groupe viridans 
Streptococcus 

Streptococcus oralis 
Streptococcus mitis 
Streptococcus sanguinis 
Streptococcus bovis* 
Streptococcus suis* 

Yes 
Yes 
Yes 
Yes 
Yes 

Salmonella spp non 
typhoïdal. Non-Typhoidal Samonella Yes Enterococcus spp. Enterococcus faecalis 

Enterococcus faecium 
Yes 
Yes 

Proteus/Providencia 
/Morganella 

Morganella morganii 
Proteus (mirabilis, 
vulgaris, ...) 
Providencia spp. 

Yes 
Yes 
Yes 

Staphylococcus aureus Staphylococcus aureus Yes 

Shigella spp. Shigella (boydii, dysenterie, 
flexneri... )   Yes Staphylocoques négatifs de 

coagulase 

Staphylococcus epidermidis 
Staphylococcus homini 
Staphylococcus warneri... 

Yes 
Yes 
Yes 

Aeromonas/Vibrio/ 
Plesiomonas 

Plesiomonas shigelloides 
Aeromonas spp. 
Vibrio non-cholerae 

Yes 
Yes 
No 

Bacillus (non-anthrax) Bacillus.spp Yes 

Non fermenter Gram-
negative Bacilli   

Pseudomonas aeruginosa   
Complexe Burkholderia 
cepacia 
Stenotrophomonas 
maltophilie* 
Acinetobacter baumannii. 

Yes 
Yes 
Yes 
Yes 

Corynebacterium  (non-
diphtérie) Corynebacterium.spp Yes 

Burkholderia 
pseudomallei Burkholderia pseudomallei Yes Listeria Listeria monocytogenes Yes 

Brucella Brucella spp.  No    
Haemophilus spp. Haemophilus influenzae Yes    
Neisseria meningitidis Neisseria meningitidis Yes    
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Annex 7: Details of the MSF MicroScan AST panels: 
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Annex 8: Summary of validation studies results, in controlled environment, 
of the Mini-Lab analytical components. 

Analytical  
component 

Component 
type 

Manufacture
r Study site 

Reference 
method used 
in the study 

N of 
samples 
analyse
d 

Performance results 

Blood 
Cultures [97] 

 

Bi-phasic blood 
culture bottle 
 

Autobio 
Diagnostics, 
China 

Institute 
of 
Tropical 
Medicine, 
Antwerp, 
Be 

BacT/ALER
T 
(bioMérieux, 
France) 
manual and 
automated 

N= 1057  Overall yield: 95.9% 
Positivity at D1: 90.7% 
Positivity at D2: 100% 

Sub-culturing 
system [99] 

MH Chocolate 
agar 

Biomed 
Diagnostics 
Inc, OR, 
United States 

Le 
Kremlin-
Bicêtre 
Hospital, 
Hygiene 
Unit, Fr 

PolyViteX, 
bioMérieux  

N= 70 Mono-microbial culture 
Yield MH chocolate: 97% 
Positivity at D1: 97% 

 Colorex Screen UriSelect™4
, Bio-Rad 

N=33 Multi-microbial cultures 
Yield Colorex Screen: 
94.4% 
Yield MH Chocolate agar: 
88.9% 

Pre- ID system 
 

Gram staining Panreac 
Química 
S.L.U. 

Institute 
of 
Tropical 
Medicine, 
Antwerp, 
Be 

Expected 
results of 
known 
organisms 

N=186 Morphology: 86% 
agreement 
Gram classification: 96.8% 

 Aminopeptidas
e 

Liofilchem, IT N=143 Gram classification: 85% 

 Catalase Liofilchem, IT N=115 Accuracy: 84% agreement 

 Oxidase Hardy 
Diagnostics, 
US 

N=185 Accuracy: 96% agreement 

 Coagulase Liofilchem, IT Mini-Lab 
Drouillard
, Haiti 

 N=40 In broth: Se 45%, Sp 100% 
On colonies: Se 92%, Sp 
90% 

ID 
(Identification
) system [100] 

MSF Neg/Pos 
ID Panel Type 
2 

Beckman 
Coulter, US 

Institute 
of 
Tropical 
Medicine, 
Antwerp, 
Be 

MALDI-ToF  N=195 
 

Accuracy Gram Neg at 
species level: 94.9% 

 MSF Neg/Pos 
ID Panel Type 
2 

 N=128 Accuracy Gram Pos at 
species level: 85.9% 

   N=84 Accuracy 
Enterococcus/Streptococc
us sp: 74% 

AST system 
[101], [174], 
[175] 

MicroScan 
MSF Gram 
Positive panel 

Beckman 
Coulter, US 

Le 
Kremlin-
Bicêtre 
Hospital, 
Hygiene 
Unit, Fr 

Disk 
diffusion, 
EUCAST 
breakpoints, 
ISO 20776-
2:2007 

N=123 Categorical agreement: > 
90%  
VMJ <3% (except for 2 
Ab/org comb) 

 MicroScan 
MSF Gram-
negative panel 

 N=157 Categorical agreement: > 
90% 
VMJ <3%  

 MicroScan 
MSF Fastidious 
panel 

 N=107 Categorical agreement: > 
90% 
VMJ <3% 

Yield : percentage of positive over total inoculated; Se : Sensitivity; Sp : Specificity; Ab: antibiotic; org: organism; VMJ: Very Major error.



 

ANNEXES 
 

 

292 
 

 

Annex 9: Summary of the validation studies results of the Mini-Lab pre-ID 
test 
 

This evaluation took place in early 2019 during the validation study of the ID**[100] 
and during a specific proof of concept of the pre-ID*. Same protocol as described in 
the article[100] was used for testing the strains presented in below table 

Species tested PID* ID** 
Acinetobacter baumannii 11 8 
Bacillus species 6   
Burkholderia cepacia 6 9 
Citrobacter freundii complex   9 
Corynebacterium species 3   
Enterobacter cloacae complex   11 
Enterococcus faecalis 6   
Enterococcus faecium 7   
Escherichia coli   11 
Escherichia paracoli   9 
Klebsiella oxytoca   3 
Klebsiella pneumoniae   9 
Kluyvera ascorbate   1 
Listeria monocytogenes 2   
Pseudomonas aeruginosa 3 9 
Salmonella Choleraesuis    9 
Salmonella Paratyphi A   8 
Salmonella Typhi   8 
Salmonella Typhimurium   10 
Shigella species   10 
Stenotrophomonas maltophilia 3 6 
Streptococcus agalactiae 5   
Streptococcus pneumoniae 2   
Streptococcus pyogenes 5   
Total n = 189 59 130 

 
Table below show the results of the two studies on pre-ID test.  Accuracy of the 

different pre-ID tests (all bacterial strains combined). For oxidase and catalase, tests 
were included only when correct/incorrect responses were easy to determine (e.g. for 
oxidase only Gram-negative organisms were included, for catalase Enterobacterales 
were not included) 
 

 
Correct results 

(%) 
Incorrect results 

(%) 
Inconclusive results 

(%) 
Total 

Gram stain (morphology + 
reaction) 

157 (84.4) 3 (1.6) 26 (14.0) 186 

Gram morphology 160 (86.0) 2 (1.1) 24 (12.9) 186 
Gram reaction 180 (96.8) 1 (0.5) 5 (2.7) 186 
Methylene blue (morphology) 161 (86.6) 2 (1.1) 21 (12.3) 186 
Oxidase (Hardy) 172 (93.0) 13 (7.0) 0 185 
Catalase (Liofilchem) 97 (84.3) 17 (14.8) 1 (0.1) 115 
Gram Test (Liofilchem) 121 (84.6) 10 (7.0) 12 (8.4) 143 
Lanagram™ (Hardy) 120 (88.9) 6 (4.4) 9 (6.6) 135 
Vancomycin 59 (100) 0 0 59 
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Annex 10: Extract of the pre-ID biotype database 
 

Class 
G
roup 

O
rganism

 
M
orphotype 

G
ram

 
Coccoba-

cille 
Cocci 

Cocci chain 
Cocci clus-

ter 
Coagulase 

Valeur 
D
 

P 
D
 

P 
D
 

P 
D
 

P 
D
 

P 
D
 

P 
D
 

P 

G
ram

 negative bacilli 
Enterobacterales 

Escherichia coli 
Bacille 

M
aj 

0.98 
M
oy 

0.015 
M
oy 

0.05 
N
C 

0 
N
C 

0 
N
C 

0 
N
C 

0 

G
ram

 negative bacilli 
Enterobacterales 

Klebsiella.spp or/ou Enterobac-
ter.spp or/ou Serratia spp or/ou Ci-
trobacter spp 
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M
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M
oy 
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Staphylococcus spp 
Staphylococcus aureus 

Cocci 
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oy 
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Staphylococcus spp 
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 positive bacilli 
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C 
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0 
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N
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G
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 positive cocci 
Streptococcus spp 
or/ou Enterococcus spp 

Enterococcus spp 
Cocci 
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aj 

0.96 
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aj 
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M
oy 
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M
oy 

0.48 
M
oy 

0.45 
M
oy 

0.04 
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aj 

0.1 

G
ram

 positive cocci 
Streptococcus spp 
or/ou Enterococcus spp 

Streptococcus spp 
Cocci 
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0.48 
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Annex 11: Extract of plates reading ID NEG bench aids 
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Annex 12: Extract of plates reading aids ID NEG bench aids 
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Annex 13: Supplementary material of the InTray proof of concept 

Table 60: table describing the formulation of the different InTray agar evaluated 
InTray cassette Agar media description Formulation per 1 liter 

Tryptic Soy Agar 
(TSA) 

Soybean-Casein-Digest Agar 
Medium 

Agar........................................................................................................ 15.0 g 
Pancreatic Digest of Casein.........................................................  15.0 g 
Papaic Digest of Soybean...............................................................  5.0 g 
Sodium Chloride................................................................................ 5.0 g 
Purified water......................................................................................... 1 L 

TSA w/ 5% blood Preferred medium for haemolytic 
bacteria 

Agar......................................................................................................... 15.0 g 
Pancreatic Digest of Casein............................................................ 15.0 g 
Papaic Digest of Soybean................................................................. 5.0 g 
Sodium Chloride.................................................................................. 5.0 g 
Defibrinated Sheep’s Blood………………..…….….………………….  50 mL 
Purified water.......................................................................................... 1 L 

Mueller Hinton (MH) 
Chocolate Agar 

MH medium supplemented with 
1% hemoglobin 

Beef Extract Powder............................................................................ 2.0 g 
Acid Digest of Casein....................................................................... 17.5 g 
Starch.......................................................................................................  1.5 g 
Agar......................................................................................................... 17.0 g 
Dehydrated Hemoglobin………….…………….……………………...  10.0 g 
IsoVitaleX Supplement….…….…………………….…………………...  10 mL 
Purified water........................................................................................ 1 L 

Colorex Screen Chromogenic medium Agar………………………………………………………….…..………………….15.0 g 
Peptone and yeast extract…………………………...…………………   17.0 g 
Chromogenic mix…………………………………………..………………….  1.0 g 
Purified water......................................................................................... 1 L 

Table 61: table describing the formulation of reference agars used during the différent studies 

Biomerieux Petri Dish Agar media description Formulation per 1 liter 

Blood Agar Columbia agar + 5% sheep 
blood (COS) 

Meat and casein peptone ……………………………...................... 10 g 
Hydrolyzed animal proteins ….….......................................………….10 g  
Heart peptone......................................................................................... 3 g  
Corn starch............................................................................................... 1 g  
Sodium chloride……........................................................................... 5 g 
Agar......................................................................................................... 13.5 g  
blood (sheep)………………….............................................................. 50 mL  
Purified water ........................................................................................ 1 L 

Chocolate Agar Chocolate agar PolyViteX (PVX) Bovine casein peptone.......................................................................7,5 g 
Meat peptone.........................................................................................7,5 g 
Starch….........................................................................................................1 g  
Potassium phosphate..............................................................................4 g 
Sodium chlorid...........................................................................................5 g 
Hemoglobin…..........................................................................................10 g 
Agar.............................................................................................................10 g 
PolyViteX............................................................................................... 10 mL  
Purified water.............................................................................................1 L 

UriSelect™ 4 Non  selective  chromogenic  
medium  for  the  isolation,  
differentiation  and  
enumeration  of urinary tract 
pathogens 

Peptones mix ………………………………………………………………………21g  
Silica ……………………………………………………………………………………20g  
Chromogenic mix ……………………………………………………………….<1g  
Tryptophan ……………………………………………………………………….…. 1g  
Agar ………………………………………………………………………………….…16g 
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Annex 14: Supplementary materials of the InTray evaluation study 

Table 62: percentage and number of subcultures done that show growth on InTray and BD chocolate 
agar, with comparison between CO2 incubator and normal incubator and at different times of 
incubation. 

  CO2 incubator Ambient air incubator 

 Nr. of 
subcultures 

done 

% growth on InTray 
(nr. of grown 
subcultures) 

% growth on BD (nr. of 
grown subcultures) 

% growth on InTray 
(nr. of grown 
subcultures) 

% growth on BD (nr. of 
grown subcultures) 

  16h 24h 48h 16h 24h 48h 16h 24h 48h 16h 24h 48h 

 Total 

S. pyogenes 58 83% 
(48) 

83% 
(48) 

83% 
(48) 

100% 
(58) 

100% 
(58) 

100% 
(58) 

93% 
(54) 

93% 
(54) 

93% 
(54) 

100% 
(58) 

100% 
(58) 

100% 
(58) 

S. pneumoniae 65 89% 
(58) 

92% 
(60) 

94% 
(61) 

98% 
(64) 

98% 
(64) 

100% 
(65) 

95% 
(62) 

97% 
(63) 

100% 
(65) 

95% 
(62) 

100% 
(65) 

100% 
(65) 

 BacT/ALERT bottles 

S. pyogenes 30 80% 
(24) 

80% 
(24) 

80% 
(24) 

100% 
(30) 

100% 
(30) 

100% 
(30) 

90% 
(27) 

90% 
(27) 

90% 
(27) 

100% 
(30) 

100% 
(30) 

100% 
(30) 

S. pneumoniae 33 97% 
(32) 

97% 
(32) 

97% 
(32) 

97% 
(32) 

97% 
(32) 

100% 
(33) 

97% 
(32) 

97% 
(32) 

100% 
(33) 

94% 
(31) 

100% 
(33) 

100% 
(33) 

 Autobio bottles 

S. pyogenes 28 86% 
(24) 

86% 
(24) 

86% 
(24) 

100% 
(28) 

100% 
(28) 

100% 
(28) 

96% 
(27) 

96% 
(27) 

96% 
(27) 

100% 
(28) 

100% 
(28) 

100% 
(28) 

S. pneumoniae 32 81% 
(26) 

88% 
(28) 

91% 
(29) 

100% 
(32) 

100% 
(32) 

100% 
(32) 

94% 
(30) 

97% 
(31) 

100% 
(32) 

97% 
(31) 

100% 
(32) 

100% 
(32) 

Table 63: percentage of strains growing consistently on InTray and BD chocolate agar (growth on all 
replicate subcultures), with comparison between CO2 incubator and normal incubator and at different 
times of incubation 

  CO2 incubator Ambient air incubator 

 Nr. of 
subcultures 

done 

% consistent growth 
on InTray  

% consistent growth on 
BD  

% consistent growth 
on InTray  

% consistent growth on 
BD 

  16h 24h 48h 16h 24h 48h 16h 24h 48h 16h 24h 48h 

 Total 

S. pyogenes 10 80% 80% 80% 100% 100% 100% 90% 90% 90% 100% 100% 100% 

S. pneumoniae 11 55% 73% 82% 91% 91% 100% 82% 82% 100% 82% 100% 100% 

 BacT/ALERT bottles 

S. pyogenes 10 80% 80% 80% 100% 100% 100% 90% 90% 90% 100% 100% 100% 

S. pneumoniae 11 91% 91% 91% 91% 91% 100% 91% 91% 100% 91% 100% 100% 

 Autobio bottles 

S. pyogenes 10 80% 80% 80% 100% 100% 100% 90% 90% 90% 100% 100% 100% 

S. pneumoniae 11 64% 82% 91% 100% 100% 100% 91% 91% 100% 91% 100% 100% 
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Annex 15: MSF prescription criterias for blood culture collection 
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Annex 16: Proposal of grouping of bacterial species according to clinical 
and infection control relevance [32] 

Table 64: Proposal of grouping for Gram negative bacteria: enteric bacteria 

 
 
 
  

B
ac
te
ri
al
 g
ro
up
 

E
xa
m
pl
es
 o
f s
pe
ci
es
 in
 g
ro
up
 

C
lin
ic
al
 r
el
ev
an
ce
 

In
fe
ct
io
n 
co
nt
ro
l r
el
ev
an
ce
/N
ot
es
 

En
te
ro
ba
ct
er
/C
itr
ob
ac
te
r/ 
Se
rr
at
ia
  

C
itr
ob
ac
te
r 

(fr
eu
nd
ii,
 

ko
se
ri,
 

br
aa
ki
i…
) 

Pn
eu
m
on
ia
  

Po
st
-o
pe
ra
tiv
e 
sit
e 
in
fe
ct
io
ns
  

U
rin
ar
y 
tra
ct
 in
fe
ct
io
ns
   

W
ou
nd
 c
ol
on
iz
at
io
n/
in
fe
ct
io
ns
 

M
os
tly
 h
ea
lth
ca
re
-a
ss
oc
ia
te
d 
 

M
ul
tid
ru
g 
re
si
sta
nt
 

C
ro
no
ba
ct
er
 

(s
ak
az
ak
ii,
 

m
al
on
at
ic
us
) 

En
te
ro
ba
ct
er
 (c
lo
ac
ae
, a
er
og
en
es
…
) 

H
af
ni
a 
al
ve
i 

Se
rr
at
ia
 (m
ar
ce
sc
en
s, 
liq
ue
fa
ci
en
s)
* 

K
le
bs
ie
lla
  

K
le
bs
ie
lla
 (p
ne
um
on
ia
e,
 o
xy
to
ca
…
)  

Ra
ou
lte
lla
 sp
p.
 

B
lo
od
st
re
am
 in
fe
ct
io
ns
 

Pn
eu
m
on
ia
 

Py
og
en
ic
 in
fe
ct
io
ns
 (l
iv
er
 a
bs
ce
ss
) 

U
rin
ar
y 
tra
ct
 in
fe
ct
io
ns
 

W
ou
nd
 c
ol
on
iz
at
io
n/
in
fe
ct
io
n 

M
os
tly
 h
ea
lth
ca
re
-a
ss
oc
ia
te
d 

M
ul
tid
ru
g 
re
si
sta
nt
 

H
os
pi
ta
l o
ut
br
ea
ks
 (n
eo
na
ta
l c
ar
e)
 

H
yp
er
vi
ru
le
nt
 co
m
m
un
ity
-a
ss
oc
ia
te
d 

st
ra
in
s (
py
og
en
ic
 in
fe
ct
io
ns
) 

Es
ch
er
ic
hi
a 
co
li 

Es
ch
er
ic
hi
a 
co
li 

B
lo
od
st
re
am
 in
fe
ct
io
ns
 

En
te
rit
is
 ◊  

U
rin
ar
y 
tra
ct
 in
fe
ct
io
ns
 

M
os
tly
 c
om
m
un
ity
-a
ss
oc
ia
te
d 

Sa
lm
on
el
la
 T
yp
hi
 

Sa
lm
on
el
la
 P
ar
at
yp
hi
 A
 

Sa
lm
on
el
la
 T
yp
hi
 

Sa
lm
on
el
la
 P
ar
at
yp
hi
 A
* 

En
te
ric
 fe
ve
r 

N
ot
e:
 S
al
m
on
el
la
 P
ar
at
yp
hi
 A
 v
er
y 

ra
re
 in
 A
fri
ca
 

N
on
-T
yp
ho
id
al
 S
al
m
on
el
la
 sp
p.
 

N
on
-T
yp
ho
id
al
 S
al
m
on
el
la
 

B
lo
od
st
re
am
 in
fe
ct
io
ns
  

(<
 
5 
ye
ar
s 
ol
d 
– 
m
al
ar
ia
 
an
d 

m
al
nu
tri
tio
n;
 H
IV
-in
fe
ct
io
n)
 

C
om
m
un
ity
-a
ss
oc
ia
te
d 

H
os
pi
ta
l o
ut
br
ea
ks
 

Pr
ot
eu
s/
Pr
ov
id
en
ci
a 
/M
or
ga
ne
lla
 

M
or
ga
ne
lla
 m
or
ga
ni
i 

Pr
ot
eu
s (
m
ir
ab
ili
s, 
vu
lg
ar
is,
 …
) 

Pr
ov
id
en
ci
a 
sp
p.
 

Po
st
-o
pe
ra
tiv
e 
sit
e 
in
fe
ct
io
ns
  

U
rin
ar
y 
tra
ct
 in
fe
ct
io
ns
 

H
ea
lth
ca
re
-a
ss
oc
ia
te
d 

Sh
ig
el
la
 sp
p.
 

Sh
ig
el
la
 

(b
oy
di
i, 

dy
se
nt
er
ia
e,
 

fle
xn
er
i…
)  
 

D
ys
en
te
ry
  

En
te
rit
is 

H
em
ol
yt
ic
-U
re
m
ic
 

Sy
nd
ro
m
e 

(H
U
S)
◊   

C
om
m
un
ity
-a
ss
oc
ia
te
d 

N
ot
e 
1:
  
ra
re
ly
 i
so
la
te
d 
fr
om
 o
th
er
 

sp
ec
im
en
s t
ha
n 
st
oo
l  

N
ot
e 
2:
 S
. d
ys
en
te
ria
e 
se
ro
ty
pe
 1
 h
as
 

pu
bl
ic
 h
ea
lth
 re
le
va
nc
e 
(e
pi
de
m
ic
s)
   
   
   
 

* 
“n
ic
e 
to
 h
av
e”
 : 
if 
te
ch
ni
ca
lly
 fe
as
ib
le
 a
nd
 a
ffo
rd
ab
le
, s
ep
ar
at
e 
id
en
tif
ic
at
io
n 
of
 th
is
 sp
ec
ie
s i
s d
es
ira
bl
e 

◊ 
 In
 c
as
e 
of
 h
em
ol
yt
ic
-u
re
m
ic
 sy
nd
ro
m
e,
 th
e 
str
ai
n 
of
 E
. c
ol
i o
r S
hi
ge
lla
 sh
ou
ld
 b
e 
se
nt
 to
 a
 re
fe
rr
al
 la
bo
ra
to
ry
 fo
r f
ur
th
er
 te
st
in
g 
 

 



 

ANNEXES 
 

 

 

303 
 
 
 

 

Table 65: Proposal of grouping for Gram negative bacteria: others 
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Table 66: Proposal of grouping for Gram positive bacteria: streptococci 
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Table 67: Proposal of grouping for Gram positive bacteria: others 
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Annex 17: General schematic overview of the main Mini-Lab components 
developed or adapted 
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Annex 18: Comparison of the Mini-Lab final specificiations with the initial target product profile 

KEY FEATURES DESIRED ACCEPTABLE Mini -Lab final version (January 2023) 

INTENDED USE 

Target disease 
Bloodstream infection, osteomyeli-

tis7 

Bloodstream infection Bloodstream infection, Urine tract infections 

Technical and strategy 
purpose 

• It aims to perform Bacterial identification and antibiotic susceptibility testing 
focusing on a minimal but clinically relevant level of identification and 
susceptibility testing tailored to the required and available antibiotics in the 
field. 

• This concept must follow a modular approach in order to permit usage 
flexibility by field workers /team targeting three different strategies such as 
for patient care, surveillance and for operational field studies: 

• Patient care: Support the diagnostic of above-mentioned disease and help 
target / adapt antibiotic therapy 

• Surveillance: Support clinical based surveillance of antibiotic resistance 
pattern on the field to capture relevant data to permit the update of 
empirical treatments guidelines. 

• Operational studies: Support field studies on diagnostic performance and on 
Infection, prevention strategies 

• Allow to identify bacteria causing infections (urinary tract infection and sepsis) 
and determine their antibiotic susceptibility patterns 

• “All in one kit” with 6 modules, transportable, fully equipped and modular 
• Detect hospital outbreaks and support improvement of infection prevention 

& control strategy 
• Provide epidemiology indicators for local AMR surveillance based on GLASS 

priority pathogen list and the possibility to calculate a hospital based 
antibiogram (pattern of resistance / molecule /bug / site) to adapt locally 
empiric therapeutic 

Target population 

• Any hospitalised patient with 
suspected sepsis, 
immunocompromised or not. 

• Hospitalised patients with infections 
related to war, trauma or prior 
surgery. 

Hospitalised patients: Malnour-
ished children, neonates, malaria co-
infected children, severely ill children, 
patients with burn wounds with sus-
pected sepsis, patients living with 
HIV and admitted with fever. 

• Any hospitalised patient with suspected sepsis, urinary tract infections, 
immunocompromised or not. 

Target use setting 
MSF supported second level of care structure with or without laboratory fa-

cilities on site 
MSF supported second level of care structure with or without laboratory facili-

ties on site 

Identification target 
pathogens 

• Minimum and most clinically relevant bacteria causing bloodstream infection 
and osteomyelitis in LRS with minimal identification to the genus or the 
family if of clinical relevance and growing in standard broth (To Exclude 

• A customised panel for MSF, called “MSF Neg/Pos ID Panel Type 2” (Beckman 
Coulter, US, ref C38213) was specially designed using manufacturer 
MicroScan technology, combining the commercially available identification 

 
7  Any bacterial infections, outside of extrapulmonary Tuberculosis, that could be diagnosed trough collection of sterile body fluids might be done using Mini-lab as well. 



 

 
 

ANNEXES 
 

 

 

308 
 
 
 

 

KEY FEATURES DESIRED ACCEPTABLE Mini -Lab final version (January 2023) 

Bartonella, Leptospira, etc). To adapt quantity of ID System to geographical 
epidemiology 

• Possibility to have a sub-list of pathogens depending on the geographical 
zone/site (core pathogens + site depending pathogens). The system should 
permit the storage and conservation of strains as well for a minimum period 
of 6 month and safe shipment to referral laboratory in the country or 
overseas to perform further investigation, confirmation, or quality control. 

panels of Gram-negative and Gram-positive organisms on one single 
microplate [94]. 

• The list of all identifiable bacteria can be found in Annex 6 
• The combination of the MSF Neg/ Pos ID panel Type 2 and the Pastorex 

meningitis provide a performance agreement of 97% at genus level. 

Antibiotic List to be 
tested 

• Reflect the MSF-WHO essential drug list including and adapted to local 
spectrum of pathogens and antibiotic resistance patterns list with “must 
have” and “nice to have” including last resources ATB.  

• Proxy indicator of other resistance. List must be adapted according to the 
above strategy (patient care, surveillance, etc.).  

• The system should permit the storage and conservation of strains as well for 
a minimum period of 6 months and safe shipment to referral laboratories in 
the country or overseas to perform further investigation, confirmation, or 
quality control 

• The selection of antibiotics was based on (i) the list of antibiotics available as 
CE-IVD from Beckman Coulter, (ii) the list of antibiotics used in MSF facilities, 
and (iii) the WHO’s essential drug lists. Those pan-els were tailored to the 
needs of the patients, the local epidemiology, and expected antibi-otic 
resistance (ABR) patterns (See annex 7).  

• Special attention was given to commonly-used antibiotics, antibiotics of last 
resort, and proxy indicators of resistance mechanisms as per GLASS 
requirements [112]and AWaRe classifications [176]. Drug dilutions were 
chosen to match both CLSI and EUCAST breakpoints in 2019 [115], [177] and 
were embedded by Beckman Coulter on the MicroScan panels; antibiotics 
abbreviations are defined as per EUCAST recommendations [178] 

Diagnostic Perfor-
mances 

• Yield of pathogens must be comparable with current state of the art, “blood 
culture “system (50 to 60% Se if enough blood volume sampled and culture 
)[81] 

• System to allow good quality indicators (fewer than 3 % contamination rate 
and between 10 – 15% positivity (pathogen) rate > 80% appropriate filling 
rate of blood cultures bottles. Antimicrobial susceptibility test (AST) devices 
that are used to determine minimum inhibitory concentrations (MIC) and/or 
interpretive category determinations of susceptible, intermediate and 
resistant should note permit “very major” errors to occur [82] and should 
follow FDA guidance on discrepancies agreements[82] or ISO 20776-
2:2007[83]. 

• Yield of pathogens is be comparable with current state of the art, “blood 
culture “system (50 to 60% Se if enough blood volume sampled and culture 
)[81] Overall yield: 95.9%[97]. 

• Contamination rates is dependent on the adherence of nurses to good 
sample collection practices and positivity rate depend on the adherence to 
the clinician to the adherence to the collection criteria’s[68]. Evaluation in 
Carnot shown a positivity rate of 12.5%. Contamination rate during sample 
collection = 15.7% (151/960)* 

• All MIC Microscan panel provide Categorical agreement: > 90% with VMJ 
<3% for molecule of clinical use*.  

• Lyophilized MIC AST micro-broth dilution systems provide first-rate 
information, such as MIC, which can be read manually or with an automatic 
reader, and produces high-reproducibility and standardized results thanks to 
its pre-prepared panels[101].  

Clinical Specificity Same as the conventional culture Same as the conventional culture 

Type of Analysis Analysis based on existing growth-based methods and non-culture-based tests 
available on the market, with adaptations and improvements when appropriate 

The Mini-Lab focuses on diagnostics of bloodstream infections and urine tract in-
fection using manual (i.e. automatic equipment-free) blood cultures and providing 
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and feasible. Manual system is preferred – but “objective” growth indicator needed 
(agar paddle, agar slant). Screw cap and wide mouth preferable 

preliminary results by pathogen group classification, followed by full pathogen 
identification by combined biochemical testing and AST by micro-broth dilution 
method both read manually of with the support of an Assisted Reading System. A 
Laboratory Information and Management System composed of experts systems al-
low to interpret results and warn technician in case of errors. 

Reading system 

Visual & semi-automated, with dedicated 
equipment 

Visual Visual & semi-automated reading of ID and AST 
plate using and assisting Reading system (ARS) com-
posed of a Microplate viewer box and a camera 

Throughput 
30 new tests/days; pick loads of 200 max 
per 5 days. 

10 new tests / days; pick loads of 75 
max per 5 days. 

Standard Mini-Lab kit design for an average of 10 new tests/days, possibility of pick 
load up to 30 new bottles per days for a short period (less than 3 months) 

Sample type Blood and bone / Tissues / Pus-aspirate Blood Blood, Urine, CSF 

TEST PROCEDURE 

Number of steps < 6 <10 8 steps: Sampling, registration, preparation, reading, sub-culturing, Pre-ID, ID, AST 

Biosafety 

No need for biosafety cabinet at any 
step of performing the laboratory tests. 
No Bunsen burner, no gas required 

If a biosafety cabinet or other 
measures are needed, the materials 
need to fit the below described spec-
ifications. 

No need of biosafety cabinet, biological risk is mitigated by work organization 
measures, by the choice of techniques (sealed transfer system from identified haz-
ardous steps), upstream equipment, by wearing of PPE in adequation of the risk, 
by the information and training of staff as well as by the maintenance /cleaning of 
premises and equipment and good waste management.  

Time to result 

• Total incubation time not longer than 5 days. 
• 85% must turn “growth positive” < 48 h and AST results should be available 

24 hours after “growth positive” 

• Total incubation time of 7 days 
• Positivity at D1: 90.7%, Positivity at D2: 100%[97] 
• Median time interval from sampling to start of incubation, (n=234), 24 min 

(IQR 14; 45)* 
• Median time to positivity for  blood cultures with pathogens, (n=122), 1 day 

(IQR= 0; 1; min = 0, max = 5)*.   
• Median turnaround time for blood cultures with pathogens from sample 

recordings in the laboratory to final report transmission to the clinician 
(n=101), 2 days (IQR 2; 4, min = 1, max = 9)*. 
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Volume and type of 
samples required 

• Should be adequate volume 
regarding field, patient, and 
technics constraints in a manner 
that it does not affect much the 
diagnostic performance 

• From 1ml to 10 ml of whole blood 
sampled by phlebotomy. 

• Disinfection and sampling 
procedures / materials should 
allow sampling of blood in a way to 
limit skin contamination of samples 
and to facilitate the collection of 
the required volume of blood. 
Should permit sample collection of 
patients under antibiotic treatment. 

• Sample kit should include all 
materials for sample taking 
(antiseptic pads, needles, gloves, 
sterile pads, etc.) 

• < 10 ml of whole blood 
• Disinfection and sampling 

procedures / materials should 
allow sampling of blood in a 
way to limit skin contamination 
of samples and to facilitate the 
collection of the required 
volume of blood. 

• As shown by Ombelet et al during the laboratory validation, the Biphasic 
Autobio bottles can accommodate up to 10 ml of blood[97]. 

• The protocol used by MSF for skin disinfection recommend double disinfection 
with first the use of alcohol wipe and a second disinfection with Chlorhexidine 
gluconate alcohol wipe as advise by Ombelet et al in a recent review on good 
blood culture sampling practices[68]. 

• However, the Biphasic Autobio bottles does not contain resin beads that allow 
the neutralisation of antibiotic 

• A Mini-Lab sampling kit, composed of regular phlebotomy materials, The sample 
collection kit comes in a carrier case. The case is organised into separate 
compartments, which may or may not be detachable; (See Annex 3) 

• This kit includes all the material required to disinfect the skin before and after 
collecting the sample and for injecting the blood in the blood culture bottle; 

• The collection is via syringe and needle, the Autobio bottle does not allow 
vacutainer like collection 

Sample transport 
and Sample prepara-

tion 
 

• Blood culture system needs to 
withstand environmental 
temperature and delay pending 
incubation at 35°C. Should 
withstand a delay of 4 hours to 
incubation. 

• No Preparation Requirement  

• Blood culture system needs to 
withstand environmental 
temperature and delay pending 
incubation at 35°C. Target fewer 
than 4 hours at a temperature 
between 20°C and 35°C 

• No preparation requirement  

• Prolonged time from collection to incubation have not been tested, however 
according to a recent multi centric study done by Ling et al [179] on the 
impact of delays to incubation and storage temperature on blood culture, no 
significant loss in yield when blood cultures were stored < 24 h at 25 °C, 
however, storage for 24 h at 40 °C decreased yields and longer storage times 
increased times to detection. 

• As it is a biphasic media with the agar media within the bottle, blood culture 
bottles upon arrival need to lay down for 15 min to allow broth containing 
blood to flood the agar. 

Internal Control 

• All necessary internal quality control strains/material should be available 
within the kit. It usage, storage and interpretation should be made as easy 
as possible for non-expert but trained personnel. 

• The minimum of control strains should be aimed and validated.  

• Three kits of ATCC strains where developed with Microbiologics, Inc (St. 
Cloud, Minnesota, USA) based on the KWIK-STIK™ technology. The first two 
kits are composed of 12 ATCC strains advised by EUCAST and the third kit 
is composed of few others ATCC strains for training purposes (contaminant 
mainly). 

• All QC strains have been validated with 20 repetitions on each of the 
reagent to calculate the standard deviations for the quantitative methods 
(MIC) and standard growth behaviour. 
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• All information’s made available by strain on a QC Strain Identification sheet 
(see 8.1.1 QC Strain Identification Sheet EUCAST V11-DOC-V2.2 or Annex 5) 
and in the database of the QC follow up tool. 

• A SOP (8.1 Internal Quality Control-SOP-V1.1) describe all the steps and the 
QC program and a resolution plan is available to support the technician in 
the root cause analysis if any discrepancy arise(8.3 Resolution Plan-DOC-
V1.1). 

• An excel based tool is available for QC follow-up, user enter results, the tool 
warn the user if the value is out of the defined range and provide QC follow 
up indicators. 

OPERATIONAL CHARACTERISTICS 

Operating condi-
tions 

• 15 – 40°C  
• 25-90% RH 

• 15 – 35°C 
• 25-80% RH 

• Performance of the laboratory have been tested in tropical environment but 
the laboratory was equipped with air conditioning system for staff comfort. 

Shelve life (stabil-
ity) 

 

• Upon arrival on the site in the 
country the product should be 
stable 18 months  

• Reagents / consumables should 
withstand environmental 
temperatures below -10 °C and 
40°C for a period of at least 48 
hours.  

• Upon arrival on the site in the 
country, the product should be 
stable 12 months  

• Reagents / consumables should 
withstand environmental 
temperatures below -10 °C and 
40°C for a period of at least 24 
hours. 

• Mini-Lab starter kit was designed to accommodate 800 BCB samples (given 
15% positivity rate and 10 % contamination rates). It is composed of 110 
items, of which 45 are consumables, 40 are reagents and test, 13 are 
administrative furniture’s and 12 are small laboratory equipment’s. 

• Average shelve life of reagent is of 18 month. Among the reagents, 45% 
(18/40) have a shelve life >18month, 50% (20/40) have a shelve life of 12 
months and only 5% (2/40) have a shelve life of 6 months. 

Storage conditions 
 

Can be stored between 2°C and 
40°C. A maximum of 45 L (Net storage 
capacity) volume of reagents/consuma-
bles for one week of activity may require 
2 - 8°C storage. 

Can be stored between 2°C to 
30°C. A maximum of 108 L (Net stor-
age capacity) volume of rea-
gents/consumables for one week of 
activity may require 2 - 8°C storage. 

• Among the reagents 50%(20/40) can be stored between 2°C to 30°C, 33% 
(13/40) between 2°C to 8°C and 18% (7/40) have no temperature 
restrictions. 

• Pharmacy storage space required to accommodate the starter kit:  
- Controlled temperature 1.5 m3 
- Cold chain 0.3m3 = 2 refrigerators (Vestfrost VLS404A AC) 145l net, 

230V (PCOLREFEVI4) only for Mini-Lab items. 
- Dangerous goods: 0.016 m3 

In use stability (un-
der tropical conditions) 

Minimum of 4 weeks below 40 °C if 
pouch sealed (ziplock) after use. 

Minimum of 4 weeks at 2 to 8 °C 
if pouch sealed (ziplock) after use. 

• Once opened the Pastorex meningitis, kit have a stability of 4 weeks at 2 to 
8°C 

• Coagulase test are small vials of 2 ml of dehydrated rabbit plasma to aliquot 
and preserved at -20°C for a period of 1 months 

• VP 2 reagent; 15 days shelve life once reconstituted at room temperature. 
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Reagents reconsti-
tution 

 

• All reagents and media ready for 
use except for lyophilised / 
dehydrated reagents/consumables 
(in that case appropriate volumes 
and easy transfer required).  

• This step should not have biosafety 
requirements such as a biosafety 
cabinet or hood.  

• Reconstitution acceptable if 
very simple to do. 

• All reconstitution fluids 
(including water) already 
provided in the kit. 

• All reagent but except Rabbit plasma for coagulase test are ready to use 
• Coagulase test are small vials of 2 ml of dehydrated rabbit plasma to aliquot 

and preserved at -20°C 
• InTray Cassettes need to be prepared one hour I advance to remove the 

moisture present at the surface of the agar. However this step does not 
necessitate biosafety cabinet but just the use of aseptic pipette and an 
incubator to dry it out. 

End user profile 
 

Trained laboratory technician in health care facilities: 
• Personnel using the Mini-Lab should have at least diploma in laboratory 

technician science and should be able to read and understand the technical 
language of the Mini-Lab either English/French/Arabic 

All the laboratory technician that have worked in Haiti or in Carnot for the first and 
the second field pilot where all having a standard diploma in laboratory technician 
sciences 

Biosafety require-
ment 

 

Biosafety requirement not higher than level 2: 
• Biosafety requirements should take in consideration till risk 3 class 

pathogens. All material, reagent should comprise safely practice or should 
mitigate the risk of contamination to the technician. Appropriate 
containment levels (anti plash practices, personal protective equipment) to 
be provided in case of (suspected) pathogens such as Salmonella Typhi, 
Brucella spp., Shigella dysenteriae and Burkholderia pseudomallei.  

• Biological risk is mitigated by work organization measures, by the choice of 
techniques (sealed transfer system from identified hazardous steps), 
upstream equipment, by wearing of PPE in adequation of the risk, by the 
information and training of staff as well as by the maintenance /cleaning of 
premises and equipment and good waste management.  

• Spillage containment measure are available with spillage kits, googles, mask 
and laboratory technicians are train on the use. 

• Ergonomic risk of accident and risk of spillage is reduced through 
identification of specific furniture’s and collective protective equipment’s 
(rack to transport slides, removal of sharp edge of equipment, etc.).  

• Specific module of 1 day on site training and a e-learning have been 
developed on Hygiene, Security and Safety, with case studies, simulation of 
the used of safety equipment’s (extinguisher, spillage kit, etc.). 

Training / Commu-
nication 

 

• All training materials must be provided to allow training by an experienced 
staff (laboratory technician / microbiologist/ MD) as well as by self-study. 
Training material should consist of easy understandable standard operating 
procedures, video, bench aids/job aids and should be easily accessible on 
soft and hard version. 
Laboratory personal training aim: Being able to use properly the Mini-Lab 

and provide results according to specifications set 
• Laboratory personal should have a minimum of Laboratory certificate 

diploma level after high school (1-2 year diploma). 
• No experience in bacteriology required 

• Specific onsite training has been developed for the lab technicians, the lab 
supervisor, practitioners and nurses collecting blood on the Mini-Lab 
procedures (from test prescriptions to test results), with theoretical, 
interactive and practical modules and teacher guides to help the 
microbiologist facilitate the onsite training. A e-learning version of the 
training for the laboratory technician has been developed for continuous 
education purpose. 

• Become a Mini-Lab Technicians (pBMLT) training, 135 hours, 20 days. 
Target Laboratory technicians and supervisors recruited for set-up. Learning 
objectives: To enable learners to give quality results to clinicians, to use the 
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• Minimum training should consist of 5 days of theoretical training and 5 
days of practical exercise. 

• Mentorship of one month minimum from an experienced laboratory staff 
with minimum supervision visit every 6-9 month  
Prescriber training aim /Diagnostic Stewardship: Practitioners should be able 

to understand the added value of the use of Mini-Lab, when to ask for analysis 
and how to interpret the results and best use of them for patient treatment. 
• Medical Doctor or Medical officer with General Practitioner level. 
• No experience in clinical bacteriology laboratory required 
• Minimum training should consist of 2.5 days of theoretical training and 2.5 

days of practical exercise. 
• Mentorship of one month minimum from an experienced MD with 

minimum supervision visit every 6-9 month  
Nurses’ training aim: Nurses should be able to collect samples properly in or-

der to mitigate the risk of contamination and provide the best possible quality 
and quantity of samples accordingly. 
• Certified nurse or nurse assistants. 
• Experienced in standard phlebotomy 
• Minimum training should consist of 0.5 days of theoretical training and 1 

days of practical exercise. 
• Mentorship of one week minimum from an experienced Nurse with 

minimum close supervision first 2 months and visit every 6 month  
A standard certificate will be provided to all mentees/trainees that have been 

going through the process of Mini-Lab and specific register should be available 
to keep a record of trained staff. 

various technical equipment that is in the Mini-Lab, to develop a critical 
sense of their work and to manage the laboratory optimally. 

• Become a Mini-Lab Supervisor (BMLS) training, 30 hours, 20 days. Target 
Mini-Lab supervisor. Learning objective: To enable learners to solve problems 
or find help to resolve non-conformity in analyses or in the operation of the 
laboratory, validate and communicate test results to clinicians, collect and 
analyse activity data, quality monitoring and epidemiological surveillance 
indicators, manage the stock of consumables and reagents in the laboratory,  
support the pharmacist in pharmacy inventory management and 
international ordering, assess the competence of technicians and provide 
adequate training to new-comers. 

• Become a Mini-Lab Sampler (BMLC) training, 4 h or 2 times 2 h. Target: 
Nurses or medical staff authorised to take samples. Learning objectives: To 
enable learners to understand the challenges of quality samples and the 
impacts on the patient of a wrong sample, identify the analyses in line with 
the indications (justify the purpose of the prescription), master and carry out 
the different procedures for collecting and routing samples. 

• Mini-Lab Diagnostic tools Stewardship (MLDS) training, 3 hours. Target: 
clinicians. Learning objective: To allow learners to understand the challenges 
of the proper use of the diagnostic tools made available to them, by 
understanding the test prescription criteria, to acquire an understanding and 
a critical sense of the results provided by the Mini-Lab. 

• Become Mini-Lab Technician (Distance learning) (eBMLT),  20 -25 h, 32 
Modules. Target: Laboratory technicians in the field, prerequisites for future 
implementers. Learning objective: To support Mini-Lab users with different e-
learning modules. Before the face-to-face training for the first time and in 
their daily use of the Mini-Lab for the second time and allow them to 
understand more quickly the use of the different techniques and equipment 
used at the Mini-Lab, to develop a critical sense of their work and to manage 
the laboratory optimally. 

• Become a Mini-Lab implementer (BMLI), 70 hours, 10-day. Target: future 
implementers (microbiologist or experienced lab tech). Learning objectives: 
To be able to deploy, implement the Mini-Lab and its activities, train the lab 
tech, supervisor, and nurses to use properly all the available procedures. 

• To Integrate the activities of the Mini-Lab into the processes of the mission 
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Equipment 

• To be carried by hand without need for a specific lifting machine  
• All equipment of the Mini-Lab will need to be easy transportable from the 

supply centre to the end- user and from one project site to another without 
a need for a big truck. All the boxes of the Mini-Lab should be fit to be 
transported in a standard Toyota pick-up (2m length x 0.98m width x 1.5m 
height) or van car. 

• Total weight < 800 kg; maximum of weight per case should be 100 kg. 
• Volume at transport < 4 m3 

• List of potential minimum equipment:  
• Requiring electricity: Charger/ invertor/ UPS, Incubator, computer, light, 

safety cabinet Class 2 
• Not requiring electricity: Should incorporate bench tops and all the material 

for administrative work, stool, extinguishers, eye wash station, first aid kit, fire 
blanket, etc. 

• 2 days to install, 2 days to repack 
• All-in-one kit: 
- The Mini-Lab can be easily shipped, deployed and 

used thanks to its box-bench, an innovative furni-
ture designed for the Mini-Lab.  

- The laboratory equipment is packed in the boxes 
which dimensions are fitted for air and sea ship-
ment. Each box can be lifted, carried and opened by 
2 to 4 people. 

- Once in place, the box is deployed and settled as a 
workstation bench where laboratory operations 
can be performed. 

Power Require-
ments 

• Material requiring electricity should permit a flexible and robust connection 
to available energy supply and should be able to last up to 8 hours without 
external power supply (rechargeable batteries). The Mini-Lab should be able 
to be connected to fluctuant city supply / generators or solar energy 

• Electrical Requirements: 100-240V 50/60Hz 
• Wattage: Min 150 W, max 500 W 
• Consumption per 24 H: min 1000 Wh, max 5000 Wh 

• Power requirements: 100-240V 50/60Hz , 49 kWh per day. Peak value up to 4.85 
kW. Possibility to connect to a fluctuant energy system (UPS and surge 
protectors included). 8 wall outlets (placed at 1.7m high) recommended (4 
acceptable) and 6 ceiling lighting points 

Figure 61: Box-Bench ready 
to be assembled in MSF 
Logistic warehouse, 
Bordeaux, France 
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Waste management 

Can require a specific waste manage-
ment material using easy and accessible 
system fitting in MSF waste management 
scheme. 

Should not require any specific waste 
management outside of the existing 
one present in MSF hospital. 

• Several types of waste are pro-
duced daily and segregated in the 
lab, a horizontal loading autoclave is 
included to inactivate soft biological 
waste, all procedures are provided 
to have a safe and eco-friendly final 
disposal by type of waste: 
- "Soft" decontaminate 
biological waste: 2,5kg /day volume 
produced, to be incinerated by 
MTIBL: Medium temperature 
incineration with batch loading 
system or higher version. 
- "Sharp cutting" 
biological waste: 5 Liters sharp box 

/ 3 weeks, needle pit or MTIBL. 
- Uncontaminated liquid chemical waste (diluted Gram stain, etc.): 2 liters 

/week, MTIBL, encapsulation or dilution process. 
- Administrative waste: 1 bag of 20 liters / day, MTIBL 

• Expired reagents: the quantity produced depends on supply chain efficiency, expired 
reagent should be processed by batch with the use of HTI: High temperature 
incineration, continuous loading system or MTI: Medium temperature incineration, 
continuous loading system or HTIBL: High temperature incineration with batch 
loading system or MTIBL 
More details are provided in document 6.10 External waste management-DOC-

V1 

Reporting 

• The system must be compatible with the existing MSF HIS system 
requirements with the possibility to capture bacteriology data, provide expert 
system based information, provide result to practitioner and support 
bacteriology data analysis for the trend of resistance 

• “Expert” system guiding interpretation and directing the report to the 
clinician (e.g. AST selective reporting). The software should be a decision tool 
and data entry allowing working without access to the internet but with an 
automatic connection to the Internet when it is possible in order to upload 
information on a data server in a cloud accessible by specific persons. The 
system should be able to work on PC (windows) environment as well as on 
the Android system. 

• Laboratory Information and Management System included (Mini-LIMS) 
• Integrates management of, samples, workflow, result edition, expert system, database 

and incident report. 
• A Microbiology Decision Support System (MDSS) is a component (expert 

system) of the LIMS and ensures results robustness in the absence of an experienced 
microbiologist in the lab. 

• European General Data Protection Regulation compliant, data privacy, restoration 
/ Backup procedures 

• Web app (Node JS/Mongo DB), work offline, open source 
• Data extraction feature and connectivity with WHONET (WHO laboratory software 

for AMR data analysis and surveillance) for standard reporting to GLASS WHO 
surveillance network and MSF medical management team. 

• Includes a dedicater server for Offline working, connected with remote 
administration servers for up-date and activity follow-up 

Figure 62: Module 6, waste management 
installed in Carnot Hospital, Central African 
Republic 
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KEY FEATURES DESIRED ACCEPTABLE Mini -Lab final version (January 2023) 

Note: Internet: Access to internet daily is recommended via WIFI (30 Go monthly), if 
random network outages, server may be updated at night connecting it at the office. 

Need for additional 
equipment in addition 

None, all equipment, consumables, etc. 
included 

Simple equipment acceptable Equipment to be provided on the site: 2 cupboard, metal, ± 200x100x40, AFUR-
CUPBM2010 

Need for mainte-
nance/spare parts 

• Only preventive maintenance required and within the competence of a 
trained laboratory technician (no requirement for a bioengineer technician. 

• All spare parts needed for maintenance and basic repairs (fuse, sockets, etc.) 
as much harmonised as possible, available on site, well coded, easy to order 
and deliverable in a short delay (to be defined according to equipment).  

• Preventive maintenance conducted by lab technicians 
• Autoclave annual maintenance conducted by trained Biomedical technician 
• Corrective maintenance conducted by field logisticians 
• Spare part: kit of principal spare part provided (fuses, etc.) 
• Distance support. Access to Microbiologist advisor by mail for direct support 

(standard form generated by Mini-LIMS); Mini-Lab administrator for Mini-LIMS 
questions 

Specimen collection 
and transfer device 

Regular phlebotomy materials, comple-
mented by specimen collection contain-
ers (wide mouth, screw caps), transport 
media/materials and transfer devices 
(loops, transfer pipettes, etc.). All materi-
als complying with standard biosafety 
precautions and in case anti plash prac-
tices (e.g. disposable loops rather than 
metal wired loops and Bunsen burner). 
Personal protective equipment including 
gloves, masks, eye protection and gowns.  

Use of dedicated / specific non-MSF 
phlebotomy material specifically fit-
ting with blood cultures collection de-
vices, complemented by specimen 
collection containers (wide mouth, 
screw caps), transport media/materi-
als and transfer devices (loops, trans-
fer pipettes, etc.). All materials com-
plying with standard biosafety pre-
cautions and in case anti plash prac-
tices (e.g. disposable loops rather 
than metal wired loops and Bunsen 
burner). 
Personal protective equipment in-
cluding gloves, masks, eye protection 
and gowns. 

• A Mini-Lab sampling kit, composed of regular phlebotomy materials, The 
sample collection kit comes in a carrier case. The case is organised into 
separate compartments, which may or may not be detachable; 

• This kit includes all the material required to disinfect the skin before and after 
collecting the sample and for putting the blood in the blood culture bottle; 

• The kit is designed to take at least two samples. The kit also includes the 
material required to collect an additional sample, if anything unexpected 
occurs; 

• Equipment frequently used on site is not provided in the kit, and must be 
made available on the ward; 

• If disinfectants are not provided in the kit, use those in use on the ward; 

Development / 
adaptability capabilities 

The minilab will be able to accept over time new methods that will increase its 
effectiveness. 

The Mini-Lab is able to accept over time new methods that will increase its effec-
tiveness. All changes to be made need to be incorporated into the QMS document, 
proper document track record allow to see the evolution of the Mini-Lab versioning. 

Infrastructure re-
quirement 

• The Mini-Lab must be able to be set up in non-laboratory specific facility 
environment. Should just have access to clean water, storage facilities in 
compliance with the above specification and separate administration/staff 
room. Examples: set up under a tent or in an existing building with no specific 
requirements the one found below. 

• Space: Clean dust-proof with washable floor stable and walls, ~20m², Air condition-
ing desired 

• Structure: Long-term structure (no plastic sheeting), Container (40 F²) or Tent 
• Equipment to be provided on the site: 2 cupboard, metal, ± 200x100x40, AFUR-

CUPBM2010 



 

 
 

ANNEXES 
 

 

 

317 
 
 
 

 

KEY FEATURES DESIRED ACCEPTABLE Mini -Lab final version (January 2023) 

• Space requirement of a minimum of 10 m² and maximum 20m² 
• Clean dust-proof room with concrete or washable floor and walls 
• Access to clean and chlorinated water ( 10 Litre per day) 
• Minimal of 4 Linear meters of work bench or to place 4 linear meters of work 

bench 
• Electricity connection (see above specifications) 
• Internet connection through Wireless, LAN or USB 3G/4G key ( Upload: min 

128 Kbs; download: min 256Kbs) 

• Water: Access to clean and chlorinated water (average consumption of 10L per day). 
To install by local team, a standard sink in earthenware or stainless steel, with a 
degreaser tank on the exit of the gray water collection.  

• Internet: Access to internet daily is recommended via WIFI or with provision of Inter-
net Box, ok if random network outages (30 Go monthly) 

• Pharmacy storage space required:  
- Controlled temperature 1.5 m3 
- Cold chain 0.3m3 = 2 refrigerators (Vestfrost VLS404A AC) 145l net, 

230V (PCOLREFEVI4) only for Mini-Lab items. 
- Dangerous goods: 0.016 m3 

More details are provided in document 2.1 Installation of the Mini-Lab-structure 
layout-DOC-V1 

COST  

Cost per consuma-
bles (e.g. cartridges, 
strips,) (for procure-

ment) 

Cost expectation regarding the response 
scenario for Patient care: Fewer than 7 
€/specimens (on positive sample), aver-
age of 5 euros (including negative if 20% 
of positive). 
Other cost scenarios cost should be a 
minimal as possible 

Cost expectation regarding the re-
sponse scenario for Patient care: 
Fewer than 10 €/specimens (on posi-
tive sample), average of  7 euros (in-
cluding negative if 20% of positive). 
Other cost scenario cost should be a 
minimal as possible 

• Consumables: 36k€ for starter kit including 4 months consumables (incl. 
quantities for 800 samples) + 1 month back-up; then 25k€/4 months  

• Transport: depending on the country and transport mode 
• Analysis cost (included in consumables cost): 

- Average cost: 15 euros per samples (Given 15% positivity rate and 
10% contamination rate and average BSI bacterial aetiology from sub 
Saharan paediatric population)[155], [166] 

- Analysis cost breakdown: blood collection (5.46€), negative Blood 
culture processing (5.28 €), positive blood culture processing (14-31 €) 

• HR cost: 2 lab technicians and 1 supervisor to be determined locally, 1 expat-
riate to train and support technicians/supervisor for 4-6 months (~15 - 22 k€) 

• Participation to MSF External Quality Control Scheme: 1500 €, 4 strains, 4 
times/ year, including shipment price.  
Maintenance: estimated < 500€ / year 

Cost per equipment 
(for procurement) 

Fewer than 10000 € 
Maintenance cost of < 50 € per trimester, 
should include preventive weekly, 
monthly and bi yearly grand service 

< 15 000 €  
Maintenance cost of < 200 € per tri-
mester 

Mini-Lab Kit: between 30k€ to 40k€ according to the modularity requested 
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