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Background: The 2014–2016 West Africa Ebola virus disease outbreak heavily

impacted the Republics of Guinea, Sierra Leone, and Liberia. The outbreak uncovered

the weaknesses of the public health systems, including inadequately trained and

insufficient health personnel as well as limited and poorly equipped health infrastructures.

These weaknesses represent significant threats to global health security. In the wake of

the outbreak, affected countries made urgent requests for international engagement to

help strengthening the public health systems.

Methods: This work describes the successful multi-year implementation of a laboratory

capacity building program in the Republic of Guinea. The program integrated biorisk

and quality management systems training, infectious diseases diagnostic training,

facility engineering and maintenance training, and mentorship to strengthen Guinea’s

bio-surveillance capacity.

Results: Themajor outcome of these efforts was an established and local staff-operated

public health laboratory that performs disease surveillance and reporting and diagnostic

of priority diseases and pathogens of security concerns.

Conclusions: This work has improved the Guinea country’s capabilities to address

country public health issues and preparedness to respond to future infectious

disease threats.

Keywords: laboratory diagnostics, capacity building, biorisk management system, quality systems, infectious

diseases, Republic of Guinea, laboratory systems strengthening

INTRODUCTION

Infectious agents are permanent threats to global health security and stability (1–3). Sub-Saharan
Africa is particularly endangered as a result of close interactions between wildlife and human
that favor cross-species transmission with the potential to generate highly pathogenic infections.
Moreover, the paucity and fragility of their health systems hamper the readiness of sub-Saharan
African nations to adequately respond to infectious threats (4). In past years, sub-Saharan Africa
registered most of the disease outbreaks globally (5).

The 2014–2016 Ebola virus disease (EVD) outbreak in West Africa highlighted
systemic public health weaknesses and the regional health systems were unable to
mobilize adequate resources in time to stop early transmission. It also underscored
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the necessity for timely international intervention and action
to stop outbreaks from spreading across borders. International
mobilization helped to control the epidemic but the response was
slow, unwieldly, and poorly coordinated (4, 6, 7). The Republic of
Guinea (RoG) was severely hit, with at least 2,536 reported deaths
(8, 9) and associated economic losses evaluated at 600 million US
dollars (10).

The World Health Organization (WHO)’s International
Health Regulations (IHR 2005) (11) mandate that Member
States develop the core capacities needed to detect, investigate,
report, and respond to threats that could constitute public health
emergencies of international concern (PHEICs) (12). A 2015
report found, however, that many countries including much
of sub-Saharan African still lagged behind in full IHR 2005
implementation even 10 years after the original prescribed 5 year
implementation period (13). This gap in the implementation
of the IHR 2005 core capacities undoubtedly exacerbated
the burden of the 2014 West Africa EVD outbreak. The
management of the outbreak was complicated by the severe
lack of resources including adequate laboratory capacity that
could had allowed timely diagnosis of the index case thereby
reducing the outbreak burden. Consequently, in the wake of the
outbreak, it became clear that building and strengthening the
health systems including clinical and public health laboratories
in the affected countries was an urgent need (7, 14). In this
context, the RoG’s Ministry of Health and Hygiene (MoHH)
called on international partners for assistance to help fill the
gaps and develop a strong national health system. During the
2014 EVD outbreak, the United States government provided
the RoG with a containerized molecular diagnostics laboratory,
which was permanently installed in Nongo within the Ratoma
commune of the capital city of Conakry. The laboratory was fed
with international workers during the outbreak and supported
the diagnosis of many cases of EVD. At the end of the
outbreak, the laboratory was shut down after international
workers returned to their primary duty stations. Prior to
starting this project, no operational capacity was available at
the laboratory. Furthermore, the laboratory networks in the
Republic of Guinea was precarious and still under construction.
This laboratory facility was intended to serve as the primary
molecular diagnostic and research laboratory for the National
Public Health Institute (Institut National de Santé Publique,
INSP), making it the country’s general public health molecular
diagnostic laboratory.

Here, we describe the implementation of a capacity-
building program that integrated training and mentorship
on biorisk management, quality management, molecular and
serological diagnostics, and facility engineering. The goal of
this multi-year effort was to help the MOHH establish and
operate the INSP Nongo laboratory and lay the groundwork
for further development and strengthening of the broader
laboratory system. The result of the effort is a Guinean-
run and maintained facility with a demonstrated capacity
for performing disease surveillance, outbreak response, and
diagnostics for infectious disease including Guinean’s priority
diseases and pathogens that represent major threats to global
health security.

METHODS

Curricula Development and Delivery
The training curricula for laboratory biorisk and quality
management were adapted from the Global Biorisk Management
Curriculum (GBRMC) and the WHO’s Laboratory Quality
Management System Training Toolkit (15). These materials
were developed to align with key international guidelines and
standards of practices, including the CENWorkshop Agreement
Laboratory Biorisk Management Standard CWA 15793 (16), the
WHO Laboratory Biosafety Manual (17), and the ISO 15189
Medical laboratories—Requirements for quality and competence
(18). The material was presented through a combination of
didactic presentations, small group discussions and activities,
demonstrations, and drills.

Molecular diagnostics training simulated the workflow and
operations that would be in place during an EVD outbreak.
Where possible, a 1:1 trainer:trainee ratio was maintained
in order to facilitate individualized instruction and minimize
crowding within laboratory spaces. A review of fundamental
laboratory skills, molecular biology, and immunology was also
included in the staff-level presentations to address knowledge
gaps identified during initial engagements with the Guinean
laboratorians. Laboratory skills were practiced while wearing
the personal protective equipment recommended by a risk
assessment performed on conducting EVD diagnostics in the
facility to accustom the trainees to integrate biosafety practices
with their diagnostic activities. Practical skills development was
closely monitored by the trainers and strengthened during
mentorship. The diagnostic training was delivered through
combination of didactic presentations, review of facility-specific
standard operating procedures developed and refined during the
EVD epidemic, and simulation exercises designed to develop
proficiency across all stages of the diagnostic workflow. The
major topics covered for laboratory biosafety & biosecurity,
quality management, and laboratory diagnostics are presented
in Figure 1.

Training Period and Participant
Recruitment
The training events under this project occurred between 2017
and 2019, with an average duration of 6 weeks of engagement
per training event. Biorisk and quality management-related
events took place offsite at various hotel conference facilities in
Conakry while the molecular diagnostics training occurred at the
INSP Nongo laboratory facility. The training efforts prioritized
engagement with laboratorians identified by the MoHH and
the National Public Health Institute (Institut National de Santé
Publique, INSP). Additional training slots were made available
to enroll laboratorians from other key public health laboratories
within Conakry.

One unique element of this program was the assignment of
a full time in-country Program Lead to support the operational
standup and running of the Nongo laboratory after the EVD
outbreak. The Program Lead mentored the INSP Nongo
laboratory and operations staff, and coordinated the training
event planning and execution under this project. Mentorship
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FIGURE 1 | Training curricula. Topics covered for the biosafety & biosecurity, quality management and molecular and serological diagnostics are shown. RT-PCR,

reverse transcription polymerase chain reaction; ELISA, enzyme-linked immunosorbent assay.

for laboratory personnel started in late 2016 and extended
through early 2019. The mentorship included laboratory
activity coordination and management, further training and
strengthening of the laboratory staff on diagnostic workflows and
laboratory work best practices. It also included coordination with
US CDC and WHO partners to implement additional diagnostic
capacities by providing additional training and mentorship
that targeted diagnostic workflows using reagents provided by
those partners. The country Program Lead also coordinated
and managed training activities and in-country interactions and
discussions with representatives of MoHH and other partners.

The training and mentorship of two staff involved in the
laboratory facility and equipment maintenance ran from 2017
through 2019. This training and mentorship occurred every 3
months and each visit by MRIGlobal engineers at the INSP
Nongo laboratory facility had a duration of 45 days. Monitoring
and evaluation of the two individuals also occurred during
the visit of the INSP Nongo laboratory facility by MRIGlobal
engineers. The Ministry of Health & Hygiene arranged for
two graduates of the Higher Institute of Technology (Institut
Supérieur de Technologie; IST) of Mamou to support the Nongo
laboratory’s engineering needs. These two individuals were recent
graduates and had no prior experience with medical laboratory
facility and equipment maintenance. To familiarize them with
the laboratory systems and provide equipment-specific training,
the two Guinean engineers received on-the-job training (OJT)
from mechanical and electrical engineers familiar with the

molecular laboratory’s design, construction, and maintenance.
The training focused on facility use, maintenance, and safety.
Maintenance and repair procedures were taught for multiple
laboratory systems, including the ventilation, filtration, and air
conditioning systems; site generator, switches, and electrical
systems; gray and black waste water systems; cold storage
equipment; site incinerator; and laboratory equipment. The two
Guinean maintenance engineers also received initial training on
performing biosafety cabinet certifications.

Participant Feedback and Training
Evaluation
For training evaluation, questionnaires were designed that
allowed the trainees to self-report the impact that the training
had on their level of knowledge of the topics addressed during
the training sessions (knowledge impact) and the extent to which
they implemented (or made the training materials available to
or discussed the materials with co-workers) what they learned
at the training events upon returning to their home institutions
(sustainability). Respondents ranked the impact of the trainings
on a scale of 1 (minor impact) to 4 (major impact), and answered
yes or no to the sustainability assessments. Respondents were also
given the opportunity to provide specific examples of how they
had implemented or shared the information they received at the
training. Additionally, the capacities of training participants to
develop laboratory manuals and standard operating procedures
were taken into account. For that, country program Lead and
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FIGURE 2 | Number of trainees per institution and per training topic. INSP, national institute of public health; CVDL, central veterinary diagnostic laboratory; CMC,

medical communal center; VHFPL, viral hemorrhagic fever project laboratory; IgDHL, ignace deen hospital laboratory; NTBLab, national tuberculosis laboratory; MoF,

ministry of fisheries; MoH, ministry of health; BRM & QM, biorisk management and quality management.

trainers monitored the progress made by institute leaderships
and key personnel in appointing biosafety and quality officers,
developing biosafety and quality manuals, and writing standard
operating procedures for each activity being conducted at the
laboratory. This monitoring assessment was done at the INSP
laboratory and the Central Veterinary Diagnostic Laboratory
(CVDL) at the end of the training sessions through audit visits
at the laboratories. Indicators of the assessment were formal
appointment of Quality and Biosafety Officers, availability of
quality manuals and standard operating procedures (SOPs) for
tests performed at CVDL and INSP.

RESULTS

Participant Recruitment
A total of 30 participants took part in the biorisk and
quality management training. Twelve of the participants were
from the National Institute for Public Health (INSP); five
were from the Ignace Deen Hospital Laboratory (one of two
national hospitals in Conakry); two worked at the National
Tuberculosis Laboratory; one headed the MoHH’s Directorate
of Laboratories, which oversees laboratories and laboratory
technician training within the country. Outside of the MoHH,
six participants belonged to the Viral Hemorrhagic Fever Project
Laboratory (VHFPL), which is under the Ministry of Higher
Education and Research, three participants were affiliated with
the Ministry of Livestock and Animal Production’s Central
Veterinary Diagnostic Laboratory (CVDL), and one participant
reported to the Ministry of Fisheries (Figure 2).

For molecular diagnostics training, a total of twelve
participants were enrolled. Seven of the attendees were affiliated

with the National Institute for Public Health (INSP), two
participants served at the Communal Medical Center laboratory,
and three participants were from the Central Veterinary
Diagnostic Laboratory (Figure 2).

Training Impact and Sustainability
The events targeting leadership personnel focused on establishing
and maintaining resilient biorisk and quality management
systems, while staff-level training events focused primarily on
implementing best practices and performing diagnostics testing
in the laboratories. As much as possible, the interrelatedness of
biorisk management and quality management was emphasized
in order to highlight the advantages of integrating the
two systems.

Four of eleven leadership event participants and sixteen
of twenty staff event participants completed the assessment
questionnaire. Leadership and staff participants all reported
having a poor understanding of biorisk management prior
to attending their respective events with mean/median scores
of 2/2 and 1.75/2, respectively; these scores increased to 4/4
among leadership event participants (Figure 3) and 3.25/3 for
staff participants (Figure 4) after training attendance. Leadership
participants reported increases in understanding for the majority
of the key topics in their events (Figure 3). Staff participants
reported having very little knowledge of how to perform
molecular diagnostics prior to attending the training events.
Their understanding of and ability to perform different tasks
associated to molecular diagnostics increased to 2.75/3 as a
result of the training. The one topic where the majority of
staff participants reported the least increase in understanding
was for how enzyme-linked immunosorbent (ELISA) assays and
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FIGURE 3 | Leadership training impact. Questionnaires were designed for self-evaluation of leadership participant’s knowledge impact on their professional activities.

Trainees were asked to score 1 to 4 with 1 being the least score and 4 the highest. The mean and median were then calculated. MoH, ministry of health; BS&S,

biosafety and biosecurity; QM, quality management.

FIGURE 4 | Staff training impact. Questionnaires were designed for self-evaluation of staff participant’s knowledge impact on their professional activities. Trainees

were asked to score 1 to 4 with 1 being the least score and 4 the highest. The mean and median were then calculated. MoH, ministry of health; BS&S, biosafety and

biosecurity; QM, quality management.
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FIGURE 5 | Leadership training sustainability. Questionnaires were designed to assess the sustainability of the lessons learnt and skills gained on leadership

participant’s professional activities at their institution. Trainees were asked to respond “yes” or “no” to each question and the percentage of respondents selecting

each answer was calculated. MoH, ministry of health; BS&S, biosafety and biosecurity; QM, quality management.

other serology-based assays work (mean 2.36, median 2), a
topic covered briefly during the staff-level training (Figure 4).
Subsequent interactions with laboratorians performing serology-
based diagnostics indicated minimum to no prior exposure to
the fundamentals of immunology and serology through their
education and training by other partners and this could have
contributed to the least improvements recorded for the serology-
based assays topic.

One persistent challenge with workshop-based training on
such significant topics as biorisk and quality management is
the difficulty in determining what impact the training has
on actual behaviors and operations in the workplace, and
evaluating whether those impacts are persistent or sustainable.
All leadership respondents reported having identified existing
practices and procedures that could be improved, and identified
new ones that should be implemented based on what they
learned during the training. Leadership respondents all reported
that the training positively influenced requests for support they
made to their ministry and to international partners (Figure 5).
One director, for example, requested his fellow participants’
inputs on the safety features of a laboratory renovation project
that was about to commence at his facility and then took
the resulting recommendations back to the partner funding
the work. An additional indicator that leadership participants
were positively influenced by the training was the designation
of Biosafety and Quality Officers at the CVDL and INSP and
the increasing adoption of a culture of using SOPs to ensure
protocol standardization at the INSP. These scores and anecdotes
suggest that the impact the training had on laboratory safety
and quality operations extended well-beyond the individuals

who directly participated in the training program. All staff
respondents reported making changes to how they worked in
their home laboratories, implemented new practices to improve
biorisk and quality management, and identified new ones that
should be implemented as a result of what they learned at
the training (Figure 6). As an example of this, one staff-level
participant reported that they used what they learned in the
course to recommend changes to the location of a new biosafety
cabinet that was being installed in their laboratory in order to
reduce airflow disruptions to the unit. Eighty eight percent of
the staff-level participants reported discussing what they learned
at the events with their colleagues, 80% reported implementing
changes to how their home laboratories operated (for example
use of BSC to process infectious materials, wearing appropriate
PPE when working or handling infectious materials, use of
SOP to execute a testing procedure etc.. . . ) and 94% shared
the printed materials they received with their colleagues, which
included copies of the presentations used and sample standard
operating procedures (SOPs) (Figure 6). These data suggest
that the diagnostics trainings also had an impact on overall
laboratory operations that extended beyond the individuals who
participated directly.

Implementation of Laboratory Diagnostic
Testing
The Nongo laboratory was intended to serve as the molecular
diagnostics annex for INSP. As discussed earlier, the country
Program Lead was embedded with the Guinean staff assigned
to the laboratory to provide expertise, mentorship, and
oversight as the laboratory became operational. Building off the
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FIGURE 6 | Staff training sustainability. Questionnaires were designed to assess the sustainability of the lessons learnt and skills gained on staff participant’s

professional activities at their institution. Trainees were asked to respond “yes” or “no” to each of these questions and the percentage of respondents selecting each

answer was calculated. MoH, ministry of health; BS&S, biosafety and biosecurity; QM, quality management.

theoretical backgrounds provided during the biorisk and quality
management trainings, as well as the formal diagnostics training
events, the country Program Lead guided the assigned laboratory
personnel through the process of establishing workflows,
provided individual coaching on specific laboratory skills, and
helped the laboratorians develop their troubleshooting capacity.
The laboratory originally focused on EVD testing, with the
test menu quickly expanding to include diagnostic testing
and surveillance for bacterial meningitis, influenza and other
respiratory viruses, and anthrax (Figure 7 and Table 1) thanks to
investments by partners such as the WHO and the United States
Centers for Disease Control and Prevention (US-CDC). To
further reinforce and broaden the molecular detection capacity
at the laboratory and to satisfy the demand of the country
to develop capacity to diagnose Guinea’s identified priority
diseases, the Program Lead helped the laboratorians implement
a multiplexed molecular assay for the simultaneous detection of
agents associated with tropical fever in Africa including Brucella
species, Yellow fever virus, Streptococcus pneumoniae, Coxiella
burnetii Dengue virus, Chikungunya virus, West Nile virus,
Plasmodium, Rickettsia, Leptospira, and Salmonella (Figure 7 and
Table 1). This newly developed capacity was beneficial for the
later implementation of a multiplex panel for the detection of
respiratory viruses.

Generally, it was observed that partners donating reagents and
consumables to support new testing would provide a minimal
amount of training on performing the assays, with little time
spent addressing troubleshooting and validation of the assays

or integrating them into existing workflows. Moreover, some
reagents were provided without any additional training. In
such circumstances, the Program Lead worked with the Nongo
laboratory leadership and personnel to address these gaps by
developing their own SOPs for new tests, validating the assays,
and determining how to best integrate new tests into the
laboratory’s existing workflow (Table and Figure). Addressing
these topics positioned the laboratory to be able to implement
new tests in the future without extensive partner training and
thereby improving laboratory independence and capability. As
of December 2018, roughly nine hundred molecular tests had
been performed at the laboratory by local laboratory personnel
under continuous mentorship and oversight of the Program Lead
(Figure 7 and Table 1).

One often-overlooked component to maintaining the
operational status of a laboratory in sub-Saharan Africa
is the engineering support for the Facility. The Nongo
laboratory, for example, included its own generators; several
containerized “rooms” with individual electrical, ventilation,
and air conditioning systems; an incinerator; and shower and
laundry facilities. A failure in any of these systems would severely
compromise, if not abolish. The ability of the laboratory to
function as intended. To address this knowledge gap, project
engineers provided quarterly mentorship to two Guinean
maintenance engineers in the form of on-the-job training.
Emphasis was placed on routine and periodic maintenance
requirements, site and equipment maintenance, and systems
troubleshooting and repair.
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FIGURE 7 | Diagnostic testing activities. Number of tests conducted in the laboratory during 2017–2018 by local laboratory personnel under the mentorship of the

country Program Lead. Diagnostic activities included anthrax testing, bacterial meningitis testing and sero-grouping, and influenza testing and subtyping. The category

“Others” refers to multiplex PCR testing for yellow fever virus, Dengue virus, Chikungunya virus, West Nile virus, Coxiella burnetii, Plasmodium, Rickettsia,

Streptococcus pneumonia, Brucella, Leptospira and Salmonella.

TABLE 1 | Diagnostic and surveillance capacity available at the INSP Nongo

laboratory at the end of the project.

Disease Diagnostic and Surveillance capacity SOP available

Before Project After Project

Anthrax No Yes Yes

Ebola Virus Disease No Yes Yes

Influenza No Yes Yes

Influenza typing No Yes Yes

Meningitis No Yes Yes

Meningitis grouping No Yes Yes

Dengue fever No Yes Yes

Yellow fever No Yes Yes

Chikungunya No Yes Yes

West Nile No Yes Yes

Q fever No Yes Yes

Brucellosis No Yes Yes

Typhoid fever No Yes Yes

Malaria No Yes Yes

Leptospirosis No Yes Yes

DISCUSSION

Laboratory testing is critical for disease diagnostics, disease
surveillance, and outbreak response but has been the weak arm
of public health systems in Western Africa (19–21). Factors
contributing to this weakness include poor infrastructure, a
lack of qualified staff, insufficient equipment maintenance,
poor quality management systems, poor biorisk management
practices, and inadequate development of and adherence to
SOPs and other essential documents (19, 22–24). While multiple

international and non-governmental partners have invested
significant resources into capacity building efforts in the RoG and
elsewhere, we have observed that there is a piecemeal approach
to addressing knowledge and system gaps. This often results in
the training recipients treating each new lesson or skill as unique,
rather than as a building block of a broader diagnostic portfolio
and set of laboratory standards. Additionally, the laboratorians
may fail to realize potential synergies between their activities,
leading to inefficiencies and the perpetuation of safety and
quality issues.

Tasked with assisting the stand up and establishment of the
RoG’s first national molecular diagnostics laboratory, we sought
to reduce the risk of compartmentalization by providing an
integrated, multidisciplinary approach to biorisk management,
quality management, and the performance of diagnostics that
emphasized the interrelatedness of the topics. Classroom and
laboratory-based training opportunities were provided not only
to the Nongo laboratory staff, but to laboratory management
and staff from multiple human and animal health laboratories
in Conakry. Broadening the audience of the events created a
pool of individuals positioned to share the skills and knowledge
acquired during the training, driving sustained improvements
across multiple national-level facilities in the country. The
addition of engineering mentorship helped address concerns
about the Nongo laboratory equipment and infrastructure
remaining functional after standup was complete.

Of particular importance to the success of our effort was
the imbedding of the country Program Lead with the Nongo
laboratory personnel to serve as mentor. This strategy allowed
the program to more effectively coordinate efforts with other
partners in addition to permitting day-to-day mentoring and
improvement of the skills of the laboratory personnel. The
country Program Lead worked with the Nongo laboratory
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leadership to align and integrate efforts by other implementing
partners such as the US-CDC and the WHO. This limited the
compartmentalization of practices at the new facility and allowed
these additional training efforts to build on the existing skill sets
to support the integration of new diagnostics for surveillance
of priority diseases. The end result was a marked increase in
diagnostic and surveillance capabilities offered by INSP (25, 26).

The self-evaluation approach used to gauge training impact
and sustainability is susceptible to bias introduced by the
respondents over-reporting their successes. The continued
operation of the INSP Nongo laboratory after the program’s
completion provides a less-biased indicator of the program’s
success. For example, prior to starting this project, there was no
established influenza surveillance activity in Guinea and during
the course of this project and as of the date of this submission, the
INSPNongo laboratory continuously posts influenza surveillance
data on a weekly basis to the WHO global influenza surveillance
and response system (GISRS), indicating that surveillance and
reporting efforts remain intact. However, this reporting was
interrupted for several months while the laboratory started
supporting the COVID-19 pandemic response before resuming
after INSP Nongo laboratory staff helped to establish additional
COVID-19 testing sites in the country. The laboratory performed
the first molecular confirmation of Bacillus anthracis in the
country (26), and has led the RoG’s testing response to the
ongoing COVID-19 pandemic (27). The INSP Nongo laboratory
continues to broaden its testing capabilities and pursue research
opportunities, indicating that the startup and establishment of
operations process was successful.

The COVID-19 experience underscores challenges that could
arise when it comes to simultaneous handling of multiple
disease outbreaks. This insufficiency was likely due to budget
and personnel limitations. Therefore, future interventions should
be directed toward additional workforce development and
establishing mechanisms for funding acquisitions.
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