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Abstract

The clinical laboratory is playing an increasingly important role in the patient-centered approach to the delivery
of health services. Early detection of the importation of COVID-19 is a crucial challenge for all countries at risk
of importation from areas of active transmission.

This article aims to share the experience of the IPCI in the optimum management of the pre-analytical phase
related to diagnostic tests for COVID 19.

From the start of the pandemic the state and the IPCI made several organizational decisions to respond effectively
to all trends of the COVID 19 epidemic in our country. QOutsourcing of pre-analysis with creation of several
sections: preparation of tube kits, aliquoting of samples from patients suspected of COVID19, reception, sorting
and decontamination. Exemplary use of administrative and laboratory support staff.

Our findings should help establish urgent priorities for intensified preparedness and response support in specific
African countries with moderate or high risk of COVID-19 importation and whose capacity to manage the health
emergency is low relatively low.
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Introduction

In late January 2020, the WHO declared the new Coronavirus dis-
ease 2019 (COVID-19) to be a public health emergency of inter-
national concern [1]. Africa, with a heterogeneity of economies,
cultures and disease models, is fortunately the last continent to
be affected by the pandemic [2]. Health systems in Africa are un-
der strain and have minimal capacity to control the pandemic [3].
Early detection of the importation of COVID-19 is a crucial chal-
lenge for all countries at risk of importation from areas of active
transmission [4].

The clinical laboratory is playing an increasingly important role
in the patient-centered approach to the delivery of health services.
Clinicians rely on accurate laboratory test results to correctly di-
agnose disease and guide therapys; it is estimated that over 70% of
clinical decisions are based on information derived from labora-
tory test results [5].

Traditionally, the testing process has been divided into a pre-an-
alytical phase, an analytical phase and a post-analytical phase. A
series of published articles have drawn the attention of laboratory
professionals to the pre and post-analytical phases, which current-
ly appear to be more vulnerable to errors than the analytical phase
[6-12]. The quality of the pre-analytical phase plays an essential
role in obtaining reliable results, which promotes patient health,
diagnosis and facilitates analysis of treatment effectiveness [13].
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Figure 1: Chronological evolution of important events linked to the management of the COVID-19 pandemic in Cote d’Ivoire

Faced with the public health emergency and drawing on its
successful experiences during the severe acute respiratory syn-
drome crisis in 2003, the HIN1 influenza pandemic in 2009,
the Ebola epidemic crisis in 2014, Cote d’Ivoire addressed the
management of the Coronavirus crisis by developing a nation-
al response plan (Figure 1) [14)]. With regard to laboratory
tests, the respiratory virus laboratory of the Institut Pasteur de
Cote d’Ivoire (IPCI) is the national reference laboratory (2006
Interministerial Order). It ensures the quality and standards of
the tests according to the order of April 30, 2020 of the Prime
Minister’s office establishing, organizing and functioning of
the operational monitoring committee of the response plan
against the Coronavirus pandemic.

The first assessment of the diagnostic activities of the Nation-
al Reference Laboratory (LNR) reported several gaps ranging
from late delivery of results to the absence of results. An anal-
ysis of this situation revealed many irregularities, in particular,
in the quality of the nasopharyngeal samples (sampling tube of
various diameter not suitable or not usable by the laboratory,
absence of viral transport media (VTM) in the tubes, the de-
contamination of the samples, the large number of microtube
to prepare before the actual analysis, etc.) (unpublished data)
as well as the technical organization of the pre-analytical phase
including the labeling of the tube kits and aliquoting samples
that increased the workload inside the laboratory.

This article aims to share the experience of the IPCI in the
optimum management of the pre-analytical phase related to di-
agnostic tests for COVID 19.

Materials and Methods

This prospective work was carried out at the IPCI from Janu-
ary to October 2020 on the Adiopodoumé site. It was based,
on the one hand, on the analysis of documents produced by
the Ivorian government (response plan, decree and orders), of
the Pasteur Institute of Cote d’Ivoire (decisions, memorandum,
reports activities published or not, meeting minutes) and the

activities of the established sections (monthly report). On the
other hand, observations of the impact of the control of the
pre-analytical phase of the samples on the detection process
of SARS-COV2 by real-time PCR during the COVID-19 pan-
demic.

Results

Issue and management of epidemics

Epidemics are recurrent in Africa south of the Sahara. The
health system regularly has to deal with epidemics. In 2019,
Cote d’Ivoire had to manage the epidemic due to the Dengue
virus (more than 6,000 suspected cases) which ended at the
end of the year, a few weeks before the start of the pandemic
to COVID-19.

Small and medium-scale epidemic: routine activity of the Na-
tional Reference Laboratory.The National Institute of Public
Hygiene (INHP) and the Pasteur Institute of Cote d’Ivoire
(IPCI) are the primary actors in the management of epidemics.
The INHP is responsible for collecting epidemiological data
and samples throughout the country. The samples collected are
then sent by him to the national reference laboratories located
at the IPCI. The IPCI is responsible for confirming the diag-
nosis. Once the diagnosis is established, the results are given
the INHP. It is this institute that is responsible for coordinating
the response in terms of organization of prevention actions and
treatment of cases by clinical services.

1] Infectious Disea; 2021

\\'\\"\'.LllliSCiCllCCPLIb.C(HH

Volume 2 | Issue 2



Total samples | * Average number of | Total tube kits | *Average number
samples per day of tube kits per day
January 7 0.2
February 17 1
March 1,284 41
April 8,947 298
May 19,100 637 16,000 516
June 32,751 1,092 24,600 820
July 30,346 979 37,200 1,200
August 24,435 788 23,000 742
September | 32,735 1,091 37,200 1,240
October 31,459 1,015 38,000 1,226

Table 1: Monthly and daily distribution of the number of tube kits and sample for the diagnosis during the ten first month of
covid-19 in Institut Pasteur de Cote d’Ivoire (IPCI) laboratory
* This average number per day was obtained by dividing the total monthly number by the number of days in the month.

At the start of the COVID 19 pandemic, the Ministry of Health
and Public Hygiene activated its Public Health Emergency
Operations Center (COUSP) with the establishment of a crisis
committee in order to better manage the risk of contracting and
spreading disease. It is within this framework that the IPCI has
taken all the necessary measures to set up laboratory diagnosis
with the help of the international network (World Health Orga-
nization, International Network of Institut Pasteur (RIIP) and
Center for Diseases Control (CDC)). And the SARS COV2 RT
PCR was available in Cote d’Ivoire as of January 25, 2020 [1].
From January to April 2020, within the IPCI, only the national
reference laboratory for respiratory viruses assumed all stages
of the diagnosis, from receipt of samples to dissemination of
results. The first case of COVID 19 was diagnosed on March
11, 2020 by the National Reference Laboratory (CNR) for re-
spiratory viruses of the IPCI. Table 1 shows that the respiratory
virus lab received an average of 2 samples every 5 days in
January and then went from about 1 sample per day in Febru-
ary to 298 samples per day in April thus saturating the capac-
ity of laboratory staff to testing samples of steadily increasing
COVID-19 cases alone. The stages of the diagnostic process
consisted of the pre-analytical phase (reception - sorting and
decontamination of samples, preparation of tubes, aliquoting
of samples), of the analytical phase (inactivation, nucleic acid
extraction, amplification) and post-analytical (recording of re-
sults and transmission). The Reference Laboratory in charge of
respiratory viruses had to manage all these stages of the anal-
ysis on its own, while the number of samples from suspected
cases was steadily increasing day by day.

Large-scale epidemic: definition of another concept and other
strategies.

At the beginning of May 2020, the number of samples in-
creased exponentially due to an outbreak of COVID-19 ep-
idemics. There has been a transition from imported cases to
community transmission of COVID-19 (appearance of indig-
enous cases) which has resulted in the overflow of the current
strategy. This increase in the number of samples has forced the
implementation of other strategies. We went from an average

of 298 daily samples in April to over 639 daily samples in May
(Table 1).

This situation has forced the management of the IPCI to re-
define another concept and other strategies to contain this in-
crease in the number of samples of up to 2000 samples per day
according to the hypotheses of generalized community trans-
mission of COVID-19.

e Manual labeling of a large number of the tube kits for the
COVID 19 diagnosis due to the increase in the number of
infected people in the capital and throughout the territory.
The corollaries were the increased workload in the labora-
tory, non-compliant and inadmissible samples.

*  The diversity of collection tubes (various tubes with VTM
were used) which arrived in laboratories authorized for the
diagnosis of COVID-19 making the analytical phase of
the laboratories difficult or even impossible.

*  The inability of laboratories to adapt to this diversity of
collection tubes and to implement corrective measures.

In view of these difficulties which punctuated the critical
pre-analytical phases of the diagnostic process, the administra-
tion of the IPCI made the decision to improve the entire diag-
nostic process but especially this pre-analytical phase.
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Figure 2: Box showing the different steps or processes of
the pre-analytical phase set up at the Institut Pasteur de Cote
d’Ivoire (IPCI) for the diagnosis of COVID 19



Process implemented to improve the pre-analytical phase
From the beginning of May 2020, the management of the IPCI
made several organizational decisions to respond effectively to
this new trend of the COVID 19 epidemic in our country.

1. Authorization of other laboratories to participate in the
diagnosis.

*  Within the IPCI, several decentralized teams of 5 to 6 peo-
ple, biologists and laboratory technicians in other IPCI
laboratories have been set up.

2. Deconcentrations and outsourcing of diagnostic tests of
certain stages of the analysis process within the IPCI.

e The laboratories requisitioned within the IPCI were: the
environment and health laboratory, the molecular biology
platform (PFBM), the Biobank and the creation of new
teams.

e Outside the IPCI: other laboratories were required to re-

locate the process of the COVID 19 diagnosis process (in

Abidjan these are the laboratories of the Center for Diag-

nosis and Research on AIDS (CeDReS) and of RETROCI

at the CHU of Treichville; in the interior of the country
these are the laboratories of the regional hospitals).

Gradual automation of COVID analyzes.

4. Standardization of results reporting: a national results and
sample management information system has been set up
(bar code, tablet, transmission of results online).

5. Outsourcing of pre-analytics(figure 2) : he was created
sections for the preparation of diagnostic tube kits and for
aliquoting samples from patients suspected of COVID19.
Aliquoting consisted of dispensing a sample into an al-
ready labeled 1.8 ml cryotube. These samples in the 1.8
ml cryotube, which have become the primary samples, are
immediately sent to the various laboratories for the analyt-
ical phase. This activity of preparing diagnostic tube kits
has seen the significant contribution of administrative and
laboratory support staff.

[98]

This organization of the diagnostic test set up by the IPCI
aims to:
*  Reduce the workload at analytical and post-analytical lev-

»  Standardize laboratory techniques and conservation
*  Reduce contamination
e Harmonize sample identification

Teams made up of support staff and temporary staff has been
set up. They were trained in biosafety and biosafety in the lab-
oratory. Achieving the objectives of the tube kit preparation
teams involved setting up the tools: tube kit preparation sheets
(type of tube, start number, end number) and a delivery of the
tube kits to the aliquoting unit (delivery date, start number, end
number, name of recipient, signature).

Regular meetings were made with the managers of the oth-
er teams intervening in the different processes of the pre-an-
alytical and analytical phase (figure 2). These are the UGA,
aliquoting section, reception section, sorting, decontamination
of covid-19 samples and analysis laboratories. The purpose of
these meetings is to adapt the number of tube kits to the needs.
During these meetings several problem solving methods al-
lowing to define and to bring solutions to the given problems
were used. For this purpose certain tools (QQOQCP or “Quin-
tilian Hexameter”, brainstorming...) were used.

As part of this work, an analysis tube kit is defined as the set
of microtubes used to diagnose a sample suspected of COVID
19 in the laboratory. The tube kit consisted of four microtubes:
one 1.8 ml cryotube, two eppendorf microtubes, one filter and
column microtube. The number of microtubes has varied in
the composition of the tube kit according to the development
of the technique. This number ranged from four microtubes in
the manual method of nucleic acid extraction to a microtube (a
cryotube) in the automated method of extraction. The prepa-
ration of the tube kits consisted in writing on each microtube
of the kit the serial number of the laboratory with an identi-
fication code of the recipient laboratory. (For example COV
followed by a serial number for the respiratory virus laboratory
COV 000001 and ECOV followed by a serial number for the
chemistry and environmental microbiology laboratory ECOV
00001).
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Figure 3: Distribution of the daily average of tube kits and samples during the ten first month of COVID-19 pandemic in labo-
ratory of Institut Pasteur de Cote d’Ivoire (IPCI)
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The sections put in place have made the process from nasopha-
ryngeal sampling to the therapeutic management of COVID-19
cases and patient monitoring more fluid. During the reporting
period from May to October, the tube kit preparation section
produced 176,000 tube kits with an average production speed
ranging from 516 tube kits per day in May to 1,200 tube kits
per day in the months from July to October (Table 1). The al-
iquoting section processed 170,826 samples with an average
of 637 samples in May to more than 1000 samples per day in
September and October (Table 1). The goal during the estab-
lishment of these preparation sections of the covid-19 tubes
and aliquoting kits was to improve the service delivery system
of the COVID 19 laboratories in order to ensure the quality
and standardization of the samples to move on to the analytical
phase; reduce the time taken to return analysis results to a rea-
sonable time by reducing the workload within the laboratory.
The deadline for rendering results has been reduced from 7
days to 48 hours or even 24 hours if necessary. Figure 3 shows
growth in COVID-19 sampling and diagnostic activities. The
number of samples, which seemed to overwhelm diagnostic
capacity, was quickly reduced and justifies the drastic reduc-
tion in the time taken to provide results and the working time
of technical staff and laboratory biologists. The scenarios of
the response plan predicted, in the extreme situation, a cumu-
lative incidence of 30 cases per 100,000 inhabitants with an
epidemic peak which could reach around 8,000 cases at the
beginning of April 2020 (14).

These projections were effective so that from May 2020 the
IPCI laboratories began to receive more than 1,000 daily sam-
ples. This positive effect was obtained through the combination
of the various actions. The strategies put in place have enabled
the two laboratories of the Institut Pasteur de Cote d’Ivoire
(IPCI) to process more than 80% of the country’s covid-19
samples. The drop in activity in August is explained by the use
of a sample pooling technique which reduced the consumption
of tube kits.

The introduction of so-called “open” automated systems in
the diagnostic process has made it possible to accelerate the
analytical phase of the laboratory and to minimize the risk of
errors by harmonizing the identification of samples and identi-
fication of the tubes.

The standardization of laboratory techniques has made it pos-
sible to reduce costs and sample losses. Indeed, the repackag-
ing of the samples taken in primary tubes of variable diameters
and sizes which are sometimes difficult to use in the analyti-
cal phase, in 1.8 ml cryotubes facilitates and standardizes this
analysis in all laboratories.

The workload was reduced by the creation of aliquoting sec-
tions led by several groups of 4 people who took turns and
strictly applying the biosecurity rules resulting from the train-
ing. This helped to reduce sample contamination.

The lessons learned for the management of this large-scale ep-
idemic have been numerous. These include: (i) Immediately

setting up the laboratory response plan and a coordination unit
(i1) Decentralizing and deconcentrating the various phases of
the diagnostic process (iii) Evaluating the diagnostic process
(iv) pre-processing samples before taking them to external lab-
oratories.

This study showed that the fight against the COVID-19 pan-
demic in Céte d’Ivoire required effective laboratory diagnosis.
The IPCI has taken several steps necessary to improve the re-
sponse to the COVID-19 pandemic. However, the march to-
wards stopping the epidemic is not yet over. With more and
more challenges to overcome, there are lessons to be learned
every day. Our findings should help set urgent priorities for in-
tensified support for preparedness and response to this or other
outbreak in specific African countries with moderate or high
risk of importing COVID-19 and whose capacity to manage
the health emergency is relatively weak.
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