

  jmp-03-00022




jmp-03-00022







J. Mol. Pathol. 2022, 3(4), 262-272; doi:10.3390/jmp3040022




Project Report



The Implementation of Laboratory Information Management System in Multi-Site Genetics Study in Africa: The Challenges and Up-Scaling Opportunities



Oluwafemi Gabriel Oluwole 1,*[image: Orcid], Chandre Oosterwyk 1[image: Orcid], Dominique Anderson 2[image: Orcid], Samuel Mawuli Adadey 1,3[image: Orcid], Khuthala Mnika 1, Noluthando Manyisa 1, Abdoulaye Yalcouye 1,4[image: Orcid], Edmond T. Wonkam 1[image: Orcid], Elvis Twumasi Aboagye 3[image: Orcid], Yacouba Dia 5, Esther Uwibambe 6, Mario Jonas 1, Roy Priestley 1, Kalinka Popel 1[image: Orcid], Thumeka Manyashe 1, Carmen de Cock 1, Victoria Nembaware 1 and Ambroise Wonkam 1,7[image: Orcid]





1



GeneMap Africa Unit, Department of Pathology, Division of Human Genetics, Faculty of health Sciences, University of Cape Town, Cape Town 7700, South Africa






2



Bioinformatics Unit, South African Medical Research Council, South African National Bioinformatics Institute, University of Western Cape, Cape Town 7535, South Africa






3



West African Centre for Cell Biology of Infectious Pathogens (WACCBIP), University of Ghana, Accra LG 54, Ghana






4



Faculté de Médecine et d’Odondostomatologie, Université des Sciences, Techniques et Technologies de Bamako (USTTB), Bamako, Mali






5



Department of Human Genetics, Faculty of Medicine, Pharmacy and Dentistry, Cheikh Anta Diop University, Dakar 10700, Senegal






6



Centre for Human Genetics, College of Medicine and Health Sciences, University of Rwanda, P.O. Box 4285 Kigali, Rwanda






7



McKusick-Nathans Institute, Department of Genetic Medicine, Johns Hopkins University, Baltimore, MD 21218, USA









*



Correspondence: oluwafemi.oluwole@uct.ac.za







Academic Editor: Giancarlo Troncone



Received: 25 August 2022 / Accepted: 18 October 2022 / Published: 22 October 2022



Abstract

:

This study describes the roles of laboratory information management systems (LIMS) in multi-site genetics studies in Africa. We used the HiGeneS Africa project as a case study. The study participants were recruited in six African countries between 2019 to 2021. The Baobab LIMS, a server–client-based system (an African-led innovation) was used for the coordination of the biospecimen. The development phase of the LIMS showcased the team formation, data collection, biospecimen collection, and shipment strategies. The implementation phase showcased the biospecimen registration, processing, and quality control (QC) analytics. The sample QC was done using Nanodrop, Qubit, and PicoGreen/gDNATapestation assays. The results showed that a total of 3144 study participants were recruited from Cameroon, Ghana, Mali, Rwanda, Senegal, and South Africa. The biospecimen registration provided a comprehensive registry that included patient demographics, genetic information, and clinical and blood/saliva samples from the proband and family relatives. The QC analyzes identified 30 samples that failed QC, linked to overdue storage in the freezer before DNA extraction. The LIMS components implemented in this project formed a structure that can be upscaled to artificial intelligence-based LIMS. In conclusion, this study represents the largest and the most diverse collection of biospecimens for the genetic study of hearing impairment in Africa to date. A well-characterized LIMS should be recommended for multi-site molecular studies, particularly in Africa, to enhance African participation in global genomic medicine.
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1. Introduction


A laboratory information management system (LIMS) is a software-based application used for managing samples, procedures, equipment, reagents, staff, and data analysis to achieve end-point quality data [1,2]. LIMS has evolved into complete management solutions, with technological innovations which have improved quality management and laboratory services globally [3]. The utilization of LIMS is a more common practice in various higher income countries. In 2019, North America accounted for the largest proportion of LIMS users, followed by Europe [3]. The practical application of LIMS remains limited in Africa due to inadequate access to innovative technologies and research funds, which become prohibitive [4]. The multidisciplinary approach to LIMS has contributed to the rapid development of research activities globally [4]. Research collaborations, particularly in tropical medicine, are becoming necessary to reduce the level of global disease burden in Africa [3,4].



Hearing impairment genetics study (HiGeneS) in Africa is an initiative established to investigate the genetic causes of hearing impairment in Africa. Our project has study sites in Cameroon, Ghana, Mali, Senegal, Rwanda, and South Africa. LIMS can be used to coordinate multi-site genetic research. It can be used to track biospecimen collection, shipment, storage, and other activities. LIMS can improve personnel training and compliance with global best practices for IT based biological systems [5]. Best practices must be followed for biospecimen handling. These should include optimization, pre-analysis, analytics, and postanalytical activities [6,7]. In order to achieve high standard analyzes, attention should be paid to the methods used for the recruitment, biospecimen collections, storage, and shipment [5,6,7]. Lack of organizational management practices in biomedical research can hamper the quality of biospecimens and negatively impact research [3,8]. The methods used for collecting specimens for human research may also influence the quality of the biospecimens, as well as subsequent downstream activities. The temperature system of the storage, timing of biospecimen processing, volume, storage duration, and the number of aliquots prepared over time can affect quality of research [9]. Therefore, biospecimen such as blood, saliva, urine, swap, or feces demand standard methods for collections and handling [3,10]. Deoxyribonucleic acid (DNA) sequencing studies have improved disease diagnosis and treatments [11]. Genetic studies greatly contribute to the epidemiology and treatment of various diseases [12].



It is against this background that a LIMS was implemented to manage the biospecimen metadata, collection, and research activities management in this study. The implementation of LIMS in this project can improve the quality of research collaborations among African scientists, as well as globally. Our study describes the LIMS implementation and a model to upscale it for better experience through artificial intelligence (AI). AI uses complex algorithms and software to emulate human cognition in the analysis of medical data generated from diagnostics, medical records, research, clinical trials, and so on [13].




2. Materials and Methods


2.1. LIMS Development Phase


The LIMS was developed based on the steps described in Figure 1a. We evaluated the human resources, e.g., skills, as well as the capital, equipment, materials, and LIMS software availability across the sites. The most important aspects of LIMS implementation are highlighted in Table 1. These prerequisites are needed to establish a multi-site genetic study. The project planning phase also entailed setting standards for the recruitment and the number of participants to recruit, the methods for collecting biospecimens, extracting DNA with high quality, and the types of biospecimen acceptable. This included hosting a secure portal for documenting patient data and a biorepository for biospecimens. The study also aimed to assess the level of challenges that face multi-site genetic studies in Africa.




2.2. LIMS Implementation Phase


Biospecimen Collection and Data Capturing


The procedures for the biospecimen collection in this project followed the procedures for collection and management of biospecimens described by the (SPIDIA) consortium (http://www.spidia.eu/, accessed on 18 June 2022) and the International Society for Biological and Environmental Repositories (ISBER) (www.isber.org, accessed on 18 June 2022). A standard operating procedure (SOP) was assigned to each study site for compliance. In addition, staff were offered training on each aspect of LIMS described in the implementation phase. The selected data-capturing portal used in this project was Research Electronic Data Capture (REDCap). The study participants’ demographic information at various sites was captured adequately. Sample collections were done accordingly and were retained on dry ice, sealed, and labeled for shipments.





2.3. LIMS Data Capture and Management


The workflow for the data capturing and management was described in Figure 1b. The Baobab LIMS (https://baobablims.org/, accessed on 15 April 2019) was installed on a secured network in our laboratory. The software is an open-source tool. The Baobab LIMS storage was configured according to the project sites. The storage on the LIMS represents the actual physical storage in the laboratory, which are −20 °C freezers. Hence, we generate a code such as:



HiGeneS/Storage/UCT/Falmouth/Room4.25/Freezer1/Shelf1/Box.001/0.01.




2.4. Biospecimen Labeling and Barcoding System


The labeling of the biospecimen corresponds to short codes for the country, region, and family identification (ID) given at the point of recruitment. This method allows easy sorting of samples in case of a mix-up. Each label was assigned a quick response (QR) barcode to uniquely identify the sample during storage and shipment.




2.5. Sample Storage and Tracking


It is important to register samples batch by batch and for research personnel to cross validate. The registered and properly labeled biospecimens were stored accordingly in the compartments of the freezers. The IDs and other relevant details were imported to the already configured Baobab LIMS. The tracking of the biospecimens was monitored throughout the study by the assigned lab manager, who monitors and analyzes the temperature changes, number of volumes pipetted, change in ID, concentration of the DNA, shipment records, and describes the organizational workflow. We ensured that the research coordinators received proper training on each of the aforementioned steps (Figure 1c).




2.6. Biospecimen Quality Control Before Genomics Studies


We ensured that blood samples were extracted at the recruitment sites within three weeks of collection. Where it was not possible, the blood samples were transported through a courier service to South Africa. The DNA extraction was performed uniformly across the study site using the Qiagen DNA extraction kits or the Perkin Elmer Chemagic extraction kit. Records were kept of the extraction dates. We performed the quality control (QC) check on the DNA using the Nanodrop, Qubit, and PicoGreen/gDNATapestation assays.




2.7. Model for LIMS and Artificial Intelligence System


We proposed that AI would integrate data from both internal and external sources (e.g., genomic databases, metadata platforms) with a major big data platform and analyze it for various utilities, such as diagnosis, methods, predictions, and treatments. These treatments would be accessed by the researchers/clinicians, study participants, and collaborators via a network system, using an interface such as a phone device. The user interactions would serve as curation purposes to optimize and improve the AI system. The model could upscale how study participants and other classified end users interact with clinical and laboratory data (Figure 2).





3. Results


The results of our findings showed that organizing a multi-site genetics study in Africa can be challenged by limited access to the internet, cloud-storage systems, automated LIMS and experts, data scientists, and information communication technology devices. These are listed as resource constraints. Other challenging factors include:




	
Family members on the recruitment list may be living in geographically different locations;



	
A need for translators to inform participants in their local language and vocabulary;



	
Difficulty collecting samples, such as blood, from small children.








However, the training of staff on LIMS and following a unified SOP proved to be very useful in a multi-site project. Moreover, it formed the basis for the creation and accumulation of knowledge for the content of LIMS and AI model synchronization, described in the supplementary file S1.



The best practices outlined under the methods section of this study assisted us in achieving the project’s three-year milestones. The number of study participants recruited from 2019 to 2021 in 20 recruitment sites in the six countries was 3144 (Figure 3). All clinical and demographical data were successfully captured for genetics and epidemiology analysis and data sharing. In terms of the QC, the results showed that of the 3144 biospecimens collected, only 30 samples failed the QC criteria set for the project (≥150 ng/uL DNA). The biospecimens were successfully used in a range of analyses, such as Polymerase chain reaction (PCR), Sanger Sequencing, TaqMan® assay, qPCR, next-generation sequencing, gene expression assays, and molecular cloning over the three-year period (with up to sixteen genetics papers published that provided patient-centered information which can benefit healthcare research in the future).



The DNA samples that failed QC belonged to the category of blood samples that were not extracted over a period of six months, and compared with the blood samples that were extracted over two weeks after collection (Figure 4). Hence, the DNA quality in a blood sample can be degraded if the DNA has not been extracted, despite being stored at −20 °C over a long period (~6 months). The evaluation of the Baobab by a random questionnaire among staff members showed that most people were comfortable using the platform, and found it useful in coordinating simple tasks, such as registries and logistics.



The African Academy of Sciences experts recently published a framework for implementing genomic medicine in Africa. https://www.aasciences.africa/sites/default/files/Publications/A%20Framework%20for%20the%20Implementation%20of%20Genomic%20Medicine%20for%20Public%20Health%20in%20Africa.pdf (accessed on 5 August 2022). The framework provides some information and recommendations to enable the implementation of genomic medicine. The discussions rest on a two-pronged approach to address, namely: (1) Filling the gaps in locally relevant genomics research, and implementation in clinical practice for relevant diseases. They identified clinical facilities for patient counselling, screening, treatment, and monitoring as essential parts of genomic medicine. (2) In addition, sample collection, processing and data generation facilities, data storage, curation, analysis, interpretation, and sharing infrastructure are important. They also identified the need to make available genomic medicine training programs for healthcare professionals as parts of their needs. Most importantly, they reflected on the need to advance knowledge bases with up-to-date information on the genotype–phenotype link and actionability.



Our study implemented some of the actionable plans described in the framework, by recruiting patients for genomic studies, improving storage of biospecimens, and providing adequate training in these areas for professionals.



Inadequate recruitment is known to have a significant impact on scientific and research enterprises. Our study implemented LIMS in a multi-site genetic study in Africa in order to improve recruitment and research enterprise. This knowledge can help us to maintain biospecimen management to be effective, especially in a multi-site genetic study. When developing research collaboration, it is important to include LIMS at the proposal stage. Since most decisions regarding a patient’s diagnosis and treatment are based on results of laboratory tests, it is, therefore, important to ensure that the processes of obtaining laboratory findings are error-free. When describing LIMS, it is vital that quality control systems are implemented early on [14].



From our experience on the strategies for implementing LIMS, while considering all the challenges facing multi-site research in Africa, we demonstrate the importance of customizing a workable LIMS that can fit the scope of each project, and that LIMS processes should begin with strategic meetings amongst all the stakeholders. Designing a recruitment strategy prior to study initiation can significantly improve recruitment of study participants. Additionally, as demonstrated in this study, having a trained and dedicated recruitment team can ameliorate the challenges of low recruitment that has been bewildering those who study genetics in Africa. Having a well-detailed SOP is important, as we saw it was useful in our study. In addition, during the recruitment, it is important to budget for travel compensation to individuals who are living in separate geographical locations, thereby indirectly incentivizing recruitment attendance. Furthermore, the assistance of local and sign-language interpreters allowed for more effective communication. African genetics studies are quickly becoming relevant, as Africa is highly admixed and contributes to increased genetic diversity and identification of genetic diseases [15,16,17].



Willingness to participate in studies, particularly where blood samples are collected, pose a challenge, due, in part, to anthropological and cultural perceptions of the direct and indirect impact on affected families. In order to address this, we invited parents (both parents and one unaffected child) of prospective cases, who were identified by our contacts (teachers) in the selected schools, to attend on scheduled recruitment dates.



Biospecimen collections do present challenges related to sample labeling, sample storage, and record keeping, particularly in infrastructure, as well as settings with limited resources. In order to address this, per site, at least two scientists facilitated DNA extractions and storage. Multi-site biospecimen collection for familial studies usually faces the challenges of thorough record keeping of operational metadata, such as inventory, plans/protocols, purchasing records, number of sites, number of recruiters, and number of study participants recruited. This was implemented and maintained throughout the study. Registries were retained in both hard copy and electronic formats (G-drive and RedCap database). Documented metadata additionally contributed to the epidemiological research on hearing impairment genetics in Africa [18].



The pre-analytical factors related to the collection, processing, shipment, and storage of biospecimens can introduce disparities in experimental results. Biospecimen characteristics may be impacted and changed based on the environmental factors, exposure to certain chemicals or temperature changes during collection, shipment, processing, and storage [19,20,21]; as a result, such changes may cause inaccurate determinations of the molecular and physical characteristics of the biospecimen during downstream analysis. Biospecimens collected from multi-site centers have a greater risk of exposure to heterogenous environmental factors, including temperature changes due to the geographical and resource limitations of the countries. However, the pattern of coordination, logistics, and LIMS implemented in this study prevented such changes, despite covering six African countries. We used three different types of QC analysis to validate our findings of DNA quality per sites. Each of these methods are unique. Particularly, the picogreen and gDNATape assays help to obtain the actual concentrations of double strands DNA in a sample; therefore, the DNA concentration measured is usually lower than Nanodrop and Qubit. The samples that failed QC were due to long-term storage of blood samples before extraction. Researchers may consider using blood stabilizers for biospecimens that they intend to store for longer than 6 months before extraction.



Another benefit of LIMS, as observed in our study, was that it improves human capacity development in Africa. Approximately 20 members were trained on LIMS, which improved their computational, organizational, and logistics skills. For example, the coding system used in this study was based on pedigree analysis that allowed us to easily perform relatedness analysis between the patients and kindreds. The accurate labeling of biospecimens contributes to the integrity of scientific research [22], because a code on a biospecimen may compromise the accuracy and reproducibility of a study. Labeling of biospecimens forms an integral part of the LIMS in this project, as a varying number of characters may pose challenges to downstream biostatistics and bioinformatic analyses. The risk of label repetition increases when large sample numbers are considered from the study sites. We recommend using an alphanumeric coding system, which can be used to differentiate biospecimens that were collected from each study site. In addition, the complexity in the family pedigrees revealed a challenge and opportunity for multi-site genetic studies in Africa. Hence, handwriting of labels, although cheap and convenient, is advised against, due to the significant risk of labeling error. Furthermore, handwritten labels may be difficult to read, and the ink can smear or erase, thereby further reducing the legibility of the label. In order to overcome the inherent errors associated with handwritten labels, sample label printing machines should be used. Cost-effective barcoding systems and printers are readily available, and, ultimately, costs related to data capture and error are reduced with their use.



As LIMS enters the era of artificial intelligence for automation, geneticists and other scientific researchers should utilize LIMS as part of their operational quality management processes, particularly when research activities are biocollection- and curatorship-focused [21]. Baobab LIMS have given us access to technical and operational support, as it is local. Baobab LIMS is an upgradable and secure LIMS software, with content configuration flexibility to suit individual needs. The biospecimen data which are captured within the system are made readily available to the collaborating laboratories. The use of the LIMS improved traceability and allowed for comprehensive reporting, as well as effective and efficient administration. The AI model will involve the LIMS; it is believed that the LIMS already performs pre-analytical variables which can serve as input for AI, as well as the sequencings and post-sequencing data. The knowledge of AI in health is increasing rampant. A recent study conducted on the value of AI in laboratory medicine showed that AI is already being used by 15.6% of the organizations, while 66.4% felt that they might use AI in the future [23]. AI algorithms function with reliable and accurate laboratory data, which can allow LIMS data to serve as input for AI utility for broader usage and commercialization. AI initiatives can accelerate efforts with speed and scale up optimal customer value. Africa is not quite there yet in terms of readiness for AI in health care systems. Our model still demands to be tested and validated in the future. AI with LIMS in clinical and laboratory research will build a diverse and inclusive team which will solve most of the health challenges in Africa. For example, our team developed the HigeneS ontology tool in advance [24]; a portal such as this would facilitate the implementation of LIMS with the AI system, and thus improve the experience for patients, clinicians, and researchers. Our study had some limitations. This paper is restricted to the findings in recruitment and LIMS implementation. We did evaluate other similar studies, which could have strengthened our conclusions. Other limitations include a lack of awareness about the study in rural communities. There were social and cultural issues that posed resistance to data collection. The complexity of the study protocol was also a limitation, since not everyone in the team has genetics knowledge. Additionally, there were limited resources at some recruitment sites in the remote areas compared to the recruitment sites located in the cities.




4. Conclusions


In conclusion, the implementation of LIMS provides not only an opportunity for cohesion and harmonization in multi-site research, but also allows for capacity building. Using Baobab LIMS reduced pressure on recruiters, supported the patients with robust information, and permitted uniform procedures in biospecimen collection and laboratory testing. The QC methods were also fit-for-purpose. The quality data achieved in our studies can be linked to the quality of biospecimens maintained at the project biorepository.
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Figure 1. (a) Overview of LIMS design development phase. (b) The overview of the implementation phase of LIMS across study sites coordinated from South Africa. (c) The training of the staff team on LIM, labeling and barcoding of sample, Baobab storage layout. 
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Figure 2. An overview of AI model for data integration, accessibility, and sharing to improve global genomic medicine collaboration in Africa. 
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Figure 3. Distributions of the study participants that were recruited for the HiGeneS project in the six African countries between the years 2019–2020. 
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Figure 4. The quality control result showed that close to 98.9% of the DNA samples had good concentrations, between 350–1650 ng/µL, on Nanodrop. The PicoGreen and gDNATapestation assays showed lower DNA conc (90–850 ng/µL). Approximately 30 samples (with overdue blood storage ~6 months) had degraded or had low input (<10 ng dsDNA) concentration. The red bracket indicates the low quality/degraded DNA samples which were extracted 6 months after blood collection and storage at −20 °C. 
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Table 1. The LIMS components.
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	Component
	Description





	1 Administrator’s role
	Provides guidelines for staff and students participating in recruitment as an administrator.



	2 Ethics Application
	Describes the procedure for ethics application to conduct research with human biospecimens.



	3 Informed Consent
	Describes the procedure to create informed consent documents and implementation during recruitment.



	4 Completion of Questionnaire
	Describes the procedure to complete a recruitment questionnaire during recruitment.



	5 Communication with Locations
	Describes the procedure for communications with schools, hospitals, communities, and places where participants are to be recruited.



	6 Recruitment
	Describes the procedure for patient recruitment.



	7 Biological Sample Handling
	Describes the procedure to handle biological samples during recruitment and storage.



	8 Biological Sample Coding
	Describes the procedure to code biological samples during recruitment.



	 9DNA Extraction
	Describes laboratory standard operating procedures for extractions.



	10 Sample management
	Describes the LIMS procedure (sample allocation, 2D-coding, shipment).



	11 Data and Database Management
	Provides instructions on data management, and to assign managers that will have user rights.



	12 Data Recording
	Describes the procedure for recording source and Case Record Form (CRF) data for research studies (and associated activities).



	13 Data Capturing
	Describes the procedure for capturing recruitment data in RedCap.



	14 Laboratory inventories
	Describes the procedures for capturing finance information, maintaining inventory, and capturing information regarding assets and stationery.
















	
	
Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional affiliations.











© 2022 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).






media/file4.png
Endpaints interface

Networking effect [data input/validation}





nav.xhtml


  jmp-03-00022


  
    		
      jmp-03-00022
    


  




  





media/file2.png
" Monitor and Evaluate LIMS Biospecimen Data capturing on
operations across different registration RedCap database.
platforms

+A lab manager ensures accurate
data collection, documentation and
| processing to maintain the integrity
~._of the research. _

Assign unique identifiers to samples and 2D-
__ barcodes |

!
Configure storage on the Baobab LIMS software and
~ Install Baobab LIMS software ' Identify factors affecting \ ]
and training of staff participants recruitment |
+ Focus on capacity building and +Leveraged new technologies to
training of res%?argw persongl to improvg data capturing ar?d P san:lple Gl s o e 0
maintain the system. engaging the study participants. concentration mmm and tha boxes

" Evaluate the environment
and resources to implement

LIMS
e Lab manager performs C
+A committee systematically Data visualization | —.|  periodic evaluation and
evaluates the available resources and report monitor activities.

aseyd juswabeuew pue abeiols jeseyd uonesedaid uswidadsolg

| for LIMS and accept or reject the .
“_feasibility studies. 4

2  Development phase b Implementation phase






media/file5.jpg
mRwanda ®Senegal Mali

W South Africa @ Ghana B Cameroon

771
933
A

RECRUITMENT SITES NUMBER OF RECRUITED






media/file3.jpg
PR, S—





media/file1.jpg





media/file7.jpg
Senogal






media/file0.png





media/file8.png
Ml oa@y B O DB A 6 H AR R @ D B R G H Bl my BT O DI B A G W A B Q@ DR B R G H
i 4 4 A A A A A 4 A A A A A A A A A A A A

L]
tl
i 1 J ! i
—
L J
[ | J

4 T . S s
A S ; : y g e I—
P Cameroon Mali PV Ghana Senegal
1| — M0 S
2500 — 2 —
I — 00 s
T — Do -
200 — W A
B0 — ﬂ'— —
00 — 0 —
zm— — am— —
00 — E— E— SE—| S| — E— oo — — — s — - ] | S | (— | PE— — —
DIN DIN DIN DIN DIN DIN DIN DIN DN DN DN DN DIN DN DN DIN DIN DIN DIN DIN DIN DN DIN DN DN DIN DIN DIN DIN DIN
91 93 95 94 93 90 95 96 90 90 91 93 94 93 9.2 88 87 B8 B85 86 85 87 84 B84 B89 87 85 85 B84 85
Bel gy B € D1 B KM G W A2 B2 Q@ D2 E F2 G H o — = o o
X & & & & & B B & & & & B 2 & » - B -~
= _;.I-.... s T g — — —
« _—_.  Rwanda —
I — : : South Africa
m— — —
1500 — S
lm— — I ———,
1 R — E—
6 —_— ———————
22
Jm— —— T = m— . — | — | — —
I I —ird —ird i —ird
" 8.6 3.8 s.8 8.4
Failed QC
DIN DIN DIN DIN DN DIN DIN DIN DIN DIN DIN DN DIN DN DIN
83 86 90 89 86 88 64 21 - - 16 76 82 80 90
PicoGreen QC gDNA Tape QC

Conc Sample # for

Plate 3 Sample ID QCID Protocol Well Conc.[ng/pull

(ng/ulL) Tape QC

E261-193 dsDNA-1 113 E261PL3-1

CM.LT.SCR.P1178.0

E261-194 dsDNA-2 121 E261PL3-2 e S
ZA NW . SNW.P1.14.00

E261-195 dsDNA-3 g5 E261PL3-3 D1 125

ML.BKO.PG.P1.16.00
E261-196 dsDNA-4 92 E261PL3-4 Ei1 854

GH.UE.5GB.Bo.08.04






media/file6.png
®m Rwanda ®Senegal Malli

B South Africa @ Ghana B Cameroon

RECRUITMENT SITES NUMBER OF RECRUITED






