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Introduction
Cases of patients presenting with pneumonia of unknown origin 
was reported to the WHO in December, 2019 from the Wuhan 
City in the Republic of China [1-4]. Specimens were collected 
and laboratory test conducted. A novel coronavirus with very 
high propensity for spread was discovered. This virus was 
genetically related to the previously known and reported Severe 
Acute Respiratory Syndrome Coronavirus (SARS-COV) [5]. 
The international committee on the taxonomy of viruses named 
the novel coronavirus – Severe Acute Respiratory Syndrome 
Coronavirus 2 (SARS-CoV-2), now known as the etiology of the 
Coronavirus Disease-19 (COVID-19) [6].Outbreaks of this novel 

coronavirus was subsequently reported in other countries with 
high human to human transmission occurring [7-8]. The impact 
of the novel virus globally has been enormous with close to 24 
million people infected and 820,438 deaths recorded as of 25 
August, 2020 and still counting in more than 216 countries and 
territories of the world [9]. In Africa, 1,014,834 cases have been 
reported with 20,787 fatalities. Nigeria has the largest COVID-19 
outbreak in the West-Africa sub-region, second to South-Africa 
in the continent [10].

COVID-19 was first reported in Nigeria on the 27th of February, 
2020. It was a case of 44 years old Italian who came into the 
country on February 24 and displayed symptoms of the disease, 
while visiting Lafarge Cement Company in Ewekoro, Ogun 
State. He has since been treated and discharged on 21 March, 
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ABSTRACT
Nigeria has continued to record a dramatic rise in the number of confirmed cases and fatalities of Coronavirus Diseas-2019 (COVID-19) since the first 
incidence was reported on the 27th of February, 2020. As of 25 August, 2020; Nigeria has the largest COVID-19 outbreak in the West-Africa sub-region 
(52,800), second to South-Africa (613,017) in the continent. In the absence of an effective and safe vaccine, accurate diagnosis in a timely fashion is very 
critical to the control of the pandemic. Diagnostic testing allows tracking of the virus, understanding its epidemiology, informing case management, 
interrupting and suppressing its transmission. Although several serologic methods are being developed and are currently being validated for the diagnosis of 
COVID-19, the only authorized testing platform for COVID-19 diagnosis in Nigeria as of now is nucleic acid detection in nasal swab, throat swab or other 
respiratory tract specimen using the Real time polymerase chain reaction (RT-PCR). Unfortunately, the country is not testing just enough due to its low 
molecular testing capacity. Lack of sufficient testing has been identified as the main reason we are not seeing the true picture of the outbreak in the country. In 
reality, the cumulative counts of COVID-19 cases may be ten times higher than reported, hence the need to scale-up the national molecular testing capacity 
amidst scarce resources. This review takes a look at the current practices, challenges and opportunities for molecular diagnosis of COVID-19 in Nigeria.
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2020 [11,12]. However, since the first incidence, the country has 
continued to record a dramatic rise in the number of confirmed 
cases. As of 12 midnight of 25 August, 2020,  there were 52,800 
confirmed COVID-19 cases with 1007 deaths recorded across 
all the 36 states, as well as the Federal Capital Territory (Abuja). 
39,964 cases have been discharged, while 11,829 are currently 
undergoing treatment [13].

In an attempt to stall the rapid spread of the deadly virus, the 
World Health Organization (WHO) has declared diagnostic testing 
for COVID-19 as a critical intervention for tracking the virus, 
understanding its epidemiology, informing case management, 
interrupting and suppressing its transmission. The apex health 
organization strongly recommends testing of suspects for 
COVID-19 and the individuals who have been in contact with them 
in order to control the infection in a community [14]. Laboratory 
testing plays an important role in the identification of presumptive 
COVID-19 caused by the novel coronavirus [15]. Among the 
diagnostic testing options available are serological screening, virus 
isolation and cell culture and molecular technique, but not without 
one challenge or the other.Serological screening is bedeviled by 
some setbacks. Firstly, immunologic progression for COVID 19 is 
not yet fully established as of now. There is still a lot to learn about 
the disease in this regard. Secondly, the method is less sensitive. 
It is only appropriate for convalescent phase of the disease (not 
acute) and since antibodies do not peak before 9-11 days, it cannot 
be used to detect early infection. By the time antibody levels 
become detectable, the risk of transmitting the virus to others, 
with or without symptoms, is already high. This is the danger with 
using rapid diagnostic test (RDT) kits. People with negative results 
can still be positive and transmit this virus to others. Detecting 
COVID-19 after Day 14 of living with the virus does not help 
because the virus would have already spread to others by this time. 
Thirdly, the method is less specific due to the genetic relatedness 
between SARS-CoV-2 and other types of Coronaviruses. The 
possibility of cross-reactivity is responsible for the high reported 
cases of false positivity [16]. This has necessitated various calls 
for developing countries to stop the use of rapid diagnostic test 
kits for diagnosis of COVID-19 [17].

Virus isolation and cell culture on the other hand is not 
recommended as a routine diagnostic procedure. It requires the use 
of a biosafety level 3 and 4 facilities which is not readily available 
in most health institutions in Nigeria [18]. Also, the use of cell 
culture techniques using specialized vero cells takes between 3 
to 5 days for cytopathic effects to occur; hence not practicable 
to establish the quick diagnosis of COVID-19 [4]. To this end, 
the nucleic acid amplification (NAAT) method, such as the real 
time reverse transcription polymerase chain reactions (RT-PCR) 
assay was adopted globally as the gold standard for the laboratory 
confirmation of COVID-19 because of its proven sensitivity and 
specificity. It has a major advantage of minimizing false-positive 
results associated with amplification product contamination as 
both amplification and analysis are done simultaneously in a 
closed system [19-22]. Other methods, however are currently 
being designed and are going through evaluation all over the 
world. These includes loop-mediated isothermal amplification, 
multiplex isothermal amplification coupled with microarray 
detection, and clustered regularly interspaced short palindromic 
repeats (CRISPR)-based assay [23]. 

In January 2020, the protocol for the real time RT-PCR for 
SARS-COV-2 was published [19]. This assay targeted the RNA-
dependent-RNA polymerase (RdRp) gene, envelop (E) and the 
nucleocapsid (N) genes of the SARS-COV-2. The RdRp was highly 

sensitive with a yield of 3.8 RNA copies/reaction  [20]. However, 
the probe used was a ‘pan Sarbeco probe’ which also detected 
other coronaviruses [16]. As at the time of development of this 
protocol, original SARS-COV-2 isolates were not available, hence 
synthetic nucleic acid technology was used to validate the assay. 
However, to improve the laboratory diagnosis of COVID-19, an 
improved real time reverse transcription PCR was developed and 
published in April, 2020 [20]. This improved assay targeted the 
RNA-dependent RNA polymerase (RdRp)/helicase (Hel), Spike 
(S), and Nucleocapsid (N) genes of the SARS-COV-2. Clinical 
specimen from laboratory confirmed COVID-19 patients were 
used for this assay. This RdRp/Hel assay was highly sensitive 
and specific for SARS-COV-2 and did not cross react with other 
human-pathogenic coronaviruses.

The quantitative real time reverse transcriptase polymerase chain 
reaction (RT-qPCR) is the gold standard for COVID-19 diagnosis 
and is currently being used in Nigeria as obtainable elsewhere. 
Serologic test could give supporting information but has not been 
recommended as a stand-alone test method for confirmation. 
The samples of choice are nasopharyngeal and oropharyngeal 
swab in ambulatory patients and sputum (if produced) and/or 
endotracheal aspirate or bronchoalveolar lavage in patients with 
more severe respiratory disease. The lower respiratory materials 
have been reported to yield better results but for difficulty in 
sample collection. Sera samples are required for serological testing 
and seroprevalence studies [14-28].

The goal of COVID-19 testing is simply to detect infected 
individuals, so that they can be isolated and treated to prevent 
further spread. As such, the quality of the PCR results for COVID 
-19 is of utmost importance. This review takes a look at the current 
practices, challenges and opportunities in the molecular diagnosis 
of COVID-19 in Nigeria.

Current Practices
Proper collection of specimen at the right time from the right 
anatomic site in the pre-analytical stage is essential for a prompt 
and accurate molecular diagnosis of COVID-19. Appropriate 
measures are required to keep laboratory staff safe, while producing 
reliable test results in the analytic stage, using real-time reverse 
transcription-PCR (RT-PCR) assay. It is equally important that 
during the post-analytical stage, test results are carefully reported 
and interpreted.  The rippling effect of a single undetected result 
as it affects isolation procedures is better imagined.

Pre-analytical Stage
The pre-analytical stage of COVID-19 testing consists of sample 
collection, transportation and storage.

Sample Collection
Respiratory samples with high amount of viral RNA yields are 
required for diagnosis of COVID-19. These include oropharyngeal, 
nasopharyngeal, sputum, saliva, and bronchial lavage fluid. The 
detection rate correlates with the amount of RNA in the sample 
[29]. Blood (serum/plasma) as well as autopsy/tissue samples 
can also be used [30]. The NCDC protocol for sample collection 
for the diagnosis of COVID-19 involves collection of one 
nasopharyngeal and one oropharyngeal swab as recommended 
for screening and early diagnosis [31]. Sputum samples in a sterile 
dry container with leak-proof screw cap can be collected from 
suspect cases presenting with cough. Bronchoalveolar lavage 
or tracheal aspirates are also used in rare cases [28]. However, 
nasopharyngeal swabs have become the preferred option as it is 
better tolerated by the patient, safer for the operator, and can reach 
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the correct site if performed accurately [22].

A recent study by Wang et al. shows  that only 32% of oropharyngeal 
samples collected detected the SARS-CoV-2 RNA as opposed to 
63% being detected by nasopharyngeal samples [16]. However, 
this seems to deal more with the frequency of isolation as it is 
apparent that both oropharyngeal and nasopharyngeal swabs were 
not collected from the same patients. Another factor limiting 
the collection of both oropharyngeal and nasopharyngeal swabs 
from the same patient, will be the difficulty and stress on the 
supply chain system at both national and international levels [22]. 
Sticking to the use of the nasopharyngeal swab alone (except 
where otherwise specified), will help prolong the use of available 
supplies. Proper collection of a nasopharyngeal swab specimen, is 
carried out by trained personnel, donning the appropriate personal 
protective equipment (PPE), and involves inserting the swab 
deeply into the nasal cavity, and kept in place for like 10 seconds 
while being twirled 3 times before retrieving it [28].

Sample Transportation and Storage
The swabs are placed in a tube containing 2-3mls of virus 
preservative solution or tissue culture solution or isotonic saline 
solution including phosphate buffer saline (PBS), Hanks, viral 
transport media (VTM) and viral RNA isolation buffer, sealed 
with para film and inserted into a Ziploc bag [28] for rapid 
transportation to the clinical molecular laboratory, in this case, 
one of the NCDC laboratory network, ideally under refrigerated 
conditions at 4°C temperature or on dry ice [32]. Specimen can be 
stored at 4°C for 24 hours and -70°C or below (or temporarily at 
-20°C where this is not available). Repeated freezing and thawing 
should be avoided. Because of the very high transmissibility of the 
virus from human to human, the timing of testing for COVID-19 
suspected case is very important. Early detection of the disease 
can facilitate the quick conduct of contact tracing, isolation and 
treatment. Hence, there should be no delay in sample processing.

Analytical Stage
Current knowledge reveals that SARS-CoV-2 is a Biosafety 
Level (BSL)-4 pathogen because of its high transmissibility and 
infectivity; hence appropriate containment is needed during RNA 
extraction at the analytical stage to keep healthcare workers safe 
[18]. However, in resource limited countries, where the Maximum 
Containment laboratory, Level 4 is lacking, it is required that 
detection of SARS-CoV-2 in suspected clinical specimen is 
performed in Biosafety Level 3 (BSL-3) facility or at least a 
BSL-2 as required by International Standard Organization under 
appropriate conditions and by trained laboratory personnel [33]
.
Nucleic acid extraction
There are several methods available to isolate viral RNA for the 
extraction of the viral genomic material from the sample [34]. 
Since detection rate correlates with the amount of RNA in the 
sample, it is important to choose samples that are likely to yield 
very high RNA virus shedding. High yields of viral shedding are 
found in respiratory samples. Considerations must also be given 
to the method/ technique of inactivation whether heat or chemical 
inactivation process because this have an effect in the integrity 
of the RNA product [35].

Conventional Reverse transcriptase PCR
This laboratory technique combines reverse transcription of 
RNA into DNA and amplification of these specific DNA using 
polymerase chain reaction [36]. In most living organisms, it is 
DNA that is transcribed to produce RNA, so when an RNA virus 
transcribes RNA to DNA, the process is called reverse transcription. 

The complementary DNA (cDNA) produced in this way can be 
amplified by the process of polymerase chain reaction to increase 
the amount of cDNA, thereby making it easier to measure. The 
genetic material (RNA) of the virus is first reverse transcribed to 
yield a complementary DNA (cDNA) transcript from the targeted 
probe and thereafter a thermostable DNA polymerase is used to 
amplify the specific gene fragment by means of the polymerase 
chain reaction (PCR). The targeted genes for the SARS-COV-2 are 
the E, N and RdRp gene fragments as earlier mentioned. During the 
PCR reaction, the DNA polymerase cleaves the fluorescent probe 
at the 5’ end and separates the reporter dye from the quencher dye 
only when the probe hybridizes the target DNA. This produce a 
signaling intensity which increases with each cycle of RT-PCR. 
This fluorescence intensity provides information about the quantity 
of viral RNA present in the sample. The PCR cycle at which an 
increase in the fluorescence signal is detected initially (ct) is 
proportional to the amount of the specific PCR product.

Real Time Reverse transcriptase PCR
The fluorescent signal generated by the cleaved reporter dye can 
be monitored real time by an improved PCR system. Monitoring 
the fluorescence intensities in real time allows the detection of 
the accumulating product without having to re-open the reaction 
tube after the amplification. This technique allows scientists 
to see the results almost immediately, while the process is still 
ongoing, unlike the conventional RT-PCR which provides results 
at the end of the process.  Hence the test is said to be done in 
‘real-time’. The real time PCR optical unit measures the emitted 
fluorescence. The detection of the amplified fragment is performed 
in the fluorimeter channels – FAM, HEX/VIC/JOE and the Cal Red 
610/ROX/TEXAS RED with fluorescent quencher [35-37].There 
are also emerging techniques like the Loop-mediated Isothermal 
Amplification (LAMP) technique, which is carried out at a 
constant temperature without requiring a thermocycler. However, 
this requires some form of validation. Further characterization of 
the virus can be achieved through sequencing of the viral genome 
using the conventional or the next generation sequencing methods, 
although this requires higher technical skills [38].

Interpretation of Test Result
In the interpretation of COVID-19 test result, the controls (i.e., 
the positive, negative and internal controls) must be valid. Viral 
RNA in sample is measured by the cycle threshold (Ct) which is 
the number of replication cycles required to produce a fluorescent 
signal, with lower Ct values representing higher viral RNA loads. 
A Ct value less than 40 is clinically reported as PCR positive. This 
positivity starts to drop by week 3 and subsequently becomes 
undetectable. In most individuals with symptomatic COVID-19 
infection, viral RNA in the nasopharyngeal swab is detectable as 
early as day 1 of symptoms and peaks within the first week of 
symptom onset. The Ct values obtained in severely ill hospitalized 
patients are lower than the Ct values of mild cases, and PCR 
positivity may persist beyond 3 weeks after illness onset when 
most mild cases will yield a negative result [39].

Post-Analytical Stage
The post-analytical stage is equally as important as pre-analytical 
and analytical stages described above. It consists of the reporting, 
checking (verifying), timeliness, and interpretation of COVID-19 
test results. It is very vital for COVID-19 test results to be 
properly reported, documented, and verified before being issued 
or dispatched. Test results must be clearly and informatively 
presented using the approved guidelines for reporting molecular 
test for COVID-19. It is very important that test results are 
reported correctly since positive results have serious public health 
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implications. In addition, reporting of COVID-19 test results must 
be standardized to allow uniformity across the laboratory network 
in the country. The method of reporting test results must be clearly 
written in the Standard Operating Procedure (SOP). The specimen 
examined must be stated and reports must be written (typed) 
clearly and neatly using standardized forms. All test results must 
be double-checked before they are issued or dispatched. Clerical 
error must be avoided by all means. There must be no disparity 
in the patient’s name and laboratory identification number of test 
sample(s). Misidentifying a patient can be avoided by compared 
information on the request form with the test result to be issued.

Furthermore, the NCDC laboratory network must put in place 
a system (if not already available) for monitoring whether test 
results are issued/dispatched early enough to influence both 
clinical and public health decision making. Testing sites are 
expected to electronically transmit data daily, within 24 hours of 
test completion, to the NCDC database. Data to be transmitted 
should include: name of testing laboratory, specimen ID, Epid 
Number, Name of patient, gender, age, specimen source, date 
test was ordered, date specimen was collected, date specimen 
was received at the laboratory, date specimen was tested, nature 
of test (initial, repeat or follow-up) and the test result proper: 
CT Values for qRT-PCR Target (E-GENE), EAV(IC), RDRP-
GENE, N-GENE, ORF 1-GENE and the final result interpretation 
(Positive, Negative of discarded). This calls for proper collection 
and documentation of patients’ demographic information by the 
testing laboratories [40- 41].

Challenges of COVID-19 Testing in Nigeria
Diagnostic testing for COVID-19 has been very valuable in the 
identification and confirmation of suspected cases in Nigeria, but 
has also met with several challenges. These include:

Low Testing Capacity
According to the Director-General of WHO, testing remain 
one of the key measures to curb the spread of the deadly virus. 
Unfortunately, many resource limited countries, Nigeria inclusive, 
have low testing capacity (facilities, equipment and human 
resources). The number of cases reported so far by any country 
is a reflection of the testing capacity of such country, and not the 
actual current burden of the infection [42]. In fact, maps that do not 
show any cases of COVID-19, are an indication of lack of testing, 
rather than absence of the virus in such community. According to 
WHO interim guidance, not having laboratory-confirmed cases 
does not suggest that a country is free from COVID-19 and can 
be a sign of insufficient testing and surveillance [43]. Generally, 
the number of tests performed is different from the number of 
individuals tested. The reason for this is that the same person is 
testedmore than once. Some countries report only tests performed, 
others report the number of individuals tested, while some report 
both [44].

As earlier mentioned, the real time RT-PCR is the WHO 
recommended method of analysis [23, 45] which can be 
supplemented by serology (yet to be adopted in Nigeria). Initial 
diagnosis in a country with no recorded case requires random 
deep-sequencing methods such as next-generation sequencing or 
metagenomics next-generation sequencing. This will further be 
used in monitoring mutations in the field strain. Shortly before 
the virus was detected in Nigeria, the Nigeria center for Disease 
control (NCDC) had activated four testing laboratories in her 
molecular laboratory network. Five months down the line, 61 

molecular laboratories have been activated across 31 states of the 
federation, leveraging on the already existing Gene-Xpert capacity 
for HIV and Tuberculosis diagnosis (Figure 1). A few states are 
yet to have any of these testing laboratories, while some states are 
yet to have their laboratories accredited, and a few of them have 
more than one accredited testing centers. The country is currently 
carrying out between 3,000-6,000 COVID-19 tests daily, even 
though the available testing infrastructure can conveniently carry 
out about 15,000 tests per day [46].

The truth is that in Nigeria, we are not testing anywhere near 
enough. With a population of about 200 million, less than 400,000 
(388,346) samples have so far been tested, while South Africa with 
a population of 59 million has tested over 3.5 million (3,578,836) 
samples as of 25 August, 2020 [13, 47]. Our low testing capacity 
is largely responsible for the under-reporting of COVID-19 in 
the country (52,800 confirmed cases) (Figure 2), compared to the 
613,017 reported in South-Africa. Even with the robust testing 
capacity of the United States of America (about 74 million tests 
so far with a population of 330 million), a recent study shows 
that COVID-19 cases may be 10 times higher than reported in 
the US [48], as only severe cases and priority groups are getting 
tested. In Nigeria, like elsewhere, the early-stage asymptomatic 
characteristic of the virus has permitted silent transmission which 
is a further concern to identify and test those infected [49].

Low testing capacity has continued to undermine the fight against 
the virus in Nigeria. It specifically hampers and delays the ease 
with which samples are collected, sent and results generated for 
effective treatment. While the use of GeneXpert has been activated, 
we will like to mention here that not all GeneXpert machines 
are suitable for COVID-19 testing.Going further, shortfalls in 
manpower with the required expertise is central to the challenge of 
low testing capacity. Molecular diagnostic laboratories cannot be 
operated without the services of highly skilled, trained and licensed 
medical laboratory professionals [43]. In Nigeria, there are many 
trained personnel who have failed to perfect their hands on skills 
requires for molecular testing because of the non-availability of 
machines and reagents to work with. It becomes very challenging 
to begin to train and perfect skills in the face of a pandemic. This 
diminishes output at the start only to pick up later. This may 
however reduce the life span of machines as there may be little 
errors committed in the course of operation that may be deleterious 
to the machines.

Figure 1: Map of Nigeria showing 36 states and FCT affected by 
COVID-19 as of August 25, 2020.
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Figure 2: NCDC Molecular Laboratory Network as of 31 July, 
2020

Inadequate Containment Facility
The Coronavirus (SARS-CoV-2) falls into the Risk Group 4 
category, just like it counterparts: SARS-CoV-1 and MERS. The 
pathogens in this group are deadly and offer a high risk to the 
laboratory worker and to the community. They can cause serious 
disease and are readily transmitted from one individual to another. 
The Maximum Containment laboratory, Level 4 is intended for 
work with viruses in Risk Group 4, for which the most-strict 
safety precautions are necessary. However, in resource limited 
countries, where the Maximum Containment laboratory, Level 4 
is lacking, it is required that laboratories involved in COVID-19 
non-propagative diagnosis operate a biosafety level 2 (BSL-2) 
and level 3 (BSL-3) for those involved in cultures. This also 
poses a great challenge to COVID-19 diagnosis in Nigeria as 
very few laboratories operate certified BSL-2. This goes to say 
many personnel have been working under very risky environment 
even before the advent of COVID-19 pandemic as there are other 
routine diagnoses done in-country which also requires BSL-2 [18].

High Cost of testing
High cost of testing is synonymous with low testing capacity in 
resource limited countries. This is so because molecular testing 
of COVID-19 requires high profile and very expensive test kits 
and equipment such as the PCR machine, as well as adequately 
equipped Biosafety Laboratories (at least BSL-2 labs), making 
the cost of large-scale testing less affordable by low and middle 
income countries (LMICs) including Nigeria. Worst still, the test 
kits and equipment are in gross short supply within the country. 
The situation is further confounded by the fact that the equipment 
are in high demand all over the world. Reagents and consumables 
needed to run these machines suffer the same fate of short supplies. 
The total or partial lockdown of producing countries has continued 
to affect the importation of these equipment and consumables 
gents into the country. Unfortunately, none of these machines 
or consumables are produced in Nigeria, a situation that further 
increases the cost of testing. An example of critical reagents are the 
extraction kits. While these challenges are global, countries with 
a robust research capacities have significantly higher test rates as 
private and academic research institutions in such countries also 
assist in testing [50].

Although the Federal Government of Nigeria makes molecular 
testing for COVID-19 free, majority of the populace are unable 
to access it due to low testing capacity relative to the population 
size; hence, the permission granted to some accredited private 
laboratories to test for COVID-19. Price range for COVID-19 
testing by accredited private laboratories in Nigeria is currently 

between ₦25,000 – ₦75,000 ($50 - $150) per test. The concern 
here is this, how many Nigerians can afford this? A report by the 
World Poverty Clock, shows that Nigeria has the largest extreme 
poverty population with 86.9 million (50%) living below the 
poverty line (i.e, less than US$1.90 per day). Currently, the data 
stay at 48%   with many unable to go for routine medical check-up 
and laboratory testing due to cost [51-52].Like in other LMICs, 
many Nigerians do not even have a health insurance. The fear 
of the outrageous cost of testing for COVID-19 and underlying 
conditions, together with the cost of isolation amidst the current 
economic crisis induced by the pandemic is keeping many people 
away from getting tested. To make the matter worse, unaccredited 
private laboratories without the necessary requirements for 
COVID-19 testing are busy taking advantage of the current 
situation, exploiting the masses, all for financial gain. The reality 
on ground is that not everyone is getting tested (only a selected 
few are getting tested) or testing is done too late. This seriously 
undermine the fight against the pandemic. Under-testing will no 
doubt, obstructs the proper understanding of epidemiology of 
COVID-19, thereby increasing the risk of undetected community 
spread [53]. This approach has also been blamed for contributing 
to the continued spread of COVID-19 as undiagnosed cases drive 
persistent community transmission [54]. Furthermore, a blinded 
view of COVID-19 means that government responses may not 
be commensurate with the actual situation [53].

Difficulty in Sample Collection and Transportation
Many suspects of COVID-19 have been reported to be unwilling 
to make sample available for testing due to the fear of been 
stigmatized. COVID-19 has been associated with stigmatization 
and derogatory labels in Nigeria like elsewhere around the globe 
[55, 56]. And as a result, many potentially exposed persons are 
afraid to come out to get tested and receive treatment if found 
positive. They would rather die in silence, while they constitute 
a silent, but potent reservoir maintaining the human-to-human 
transmission of the virus within the society. To make matter 
worse, when COVID-19 associated signs and symptoms begin 
to appear, they instead engage in self-medication including the use 
of unproven herbal remedy. As a matter of concern, some exposed 
individuals have refused to quarantine, while some confirmed 
cases have been reported to flee isolation centres in different parts 
of the country including Oyo, Kano, Bauchi, Taraba, Gombe and 
Delta states amongst others [57]. This development has further 
impacted negatively on the fight against the pandemic. Currently, 
as of 21 August, 2020, a total of 11,585 persons are of interest to 
the NCDC for the purpose of COVID-19 testing. More is needed 
to be done with regard to contact tracing as majority of those with 
travel history to epicenter (National and International) of the virus 
either provided incomplete or false contact information.

Furthermore; the decision on what sample to collect, when 
to collect (right timing), and transport samples promptly and 
under the right condition pose serious challenge. It has been 
documented that a single negative test result especially from the 
upper respiratory material does not exclude an individual from 
possibly being infected with the virus. Viral load is usually at 
its highest within 5-6 days [31-60]. Moving to the left or the 
right reduces the tendency of detecting the virus. This implies 
that there is a tendency of not detecting the virus in an infected 
person when samples are taken too early or too late. The lower 
respiratory materials are suggestively preferred as the disease 
advances. Despite better results obtained from lower respiratory 
materials, the nasopharyngeal and oropharyngeal swabs are the 
most often used because of the convenience and inherent control 
in collection of nasopharyngeal swab. Based on recommendations   
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the oropharyngeal and nasopharyngeal swab are used together in 
the same viral transport medium at the same time in Nigeria to 
avoid missing any case [31,45,61]. Though nasopharyngeal and 
oropharyngeal swabs may be sufficient for diagnosis at periods 
when the viral load is at its peak, late detection and monitoring of 
individuals with severe COVID-19 pneumonia requires the use of 
lower respiratory materials such as sputum or a bronchooalveolar 
lavage, which may be difficult to collect in some patients [57, 62, 
63]. Also, time is a crucial factor affecting COVID-19 molecular 
testing when lives can be saved and deaths averted. Samples need 
to be transported to the laboratory, and the test itself takes 1 to 3 
hours after they must have undergone RNA extraction before the 
test can be run, adding another 1 to 2 hours. Hundreds of samples 
can be processed at once depending on the laboratory capacity. 
RT-PCR is labour intensive, severely constraining the capacity 
for quick turnaround times from sample collection to results 
transmission which might take days in getting results [64].  As a 
result, laboratory testing of suspected cases is characterized by 
long wait periods and an exponential increase in demand for tests 
[65]. These samples are carefully packaged and transported to the 
distant testing sites under conditions that protect sample integrity. 
This multi-step, intensive process results in huge backlogs, 
severely slowing suspect case testing and limiting capacity for 
mass testing.

Worst still, most of the Nigerian hinterland and rural areas are 
bedeviled with poor road network, hence non accessible. To this 
end, sample collection and transportation becomes very difficult. 
Consequently, many Nigerians do not get their samples collected 
for testing. And where samples were successfully collected, delay 
in sample transportation, processing and release of test results 
have been reported due to poor road network. 

Poor Power supply for Sample Storage and Analysis
The need to prioritize power supply to health care facilities 
amidst the COVID-19 pandemic is another major challenge. 
For most of the high technology equipment use for COVID-19 
molecular testing to function optimally, it is critical to have an 
optimal environment including a stable and efficient power supply. 
Unfortunately, the epileptic nature of power supply in Nigeria 
places an enormous burden on molecular diagnosis because to set 
up any molecular laboratory, huge investment on power supply 
would need to be made if the laboratory must be functional. 
Although the Federal government through the electricity 
distribution companies (DisCos) promised to supply electricity 
to Nigerians free of charge for two months. This never materialize, 
rather, cases of total power outage amidst the pandemic have been 
reported here and there with consumers paying for power they 
never enjoy [66- 67].

Lack of motivation and protection for the healthcare workers
Poor remunerations and poor working conditions compounded 
with excess workload is another clog in the wheels of the efforts 
towards achieving a robust and resilient diagnosis of COVID-19 
in Nigeria [68]. Compared with their counterparts elsewhere 
around the globe, Nigerian health professionals appears to be 
lest paid in terms of hazard allowance and life insurance. Lack of 
Personal Protection Equipment (PPE), as well as lack of training on 
infection prevention and control, particularly for rural healthcare 
workers are primordial issues killing the morale of the frontline 
armies in the fight against the deadly virus in Nigeria. There 
has been global shortage of materials needed to run the end-to-
end testing process at full capacity, particularly the reagents that 
help to ensure high levels of sensitivity and specificity for these 
tests. More worrisome is the shortage in Personal Protection 

Equipment (such as the N95 respirator, face masks, shields and 
isolation gowns among others) necessary to ensure the safety of 
healthcare workers, owing to the global demand for these items. 
Lack of these supplies have hinder testing and escalate the spread 
of the virus. Around 6% of the COVID-19 cases in the country 
composed of healthcare workers, with some of them working 
in private clinics without the necessary training and necessary 
precautions. They have not only infected themselves, but have 
also become a source of infection to their families. Many exposed 
health workers (Medical Laboratory Scientists inclusive) are 
currently either in quarantine or isolation; while others have lost 
their lives since the fight against COVID-19 started. Consequent 
upon these, workflow is being disrupted with possible discontinuity 
of healthcare services in some cases [18- 69]. 

Industrial disharmony in the health sector
The unending professional rivalry and struggle for dominance, 
autonomy and recognition among the healthcare workers in 
Nigeria is further undermining the fight against the pandemic. 
Doctors and nurses are so visible at the front lines and are being 
applauded for the gallant role they are playing in the recovery 
of hundreds of thousands of COVID-19 patients, but not so 
with the laboratory personnel despite the critical role play in the 
fight against the pandemic. An effective and timely diagnostics 
approach is central and necessary for the successful containment 
of any outbreak and the Medical Laboratory Scientists (MLS) are 
at the fore-front. They are the ones testing clinical specimens from 
infected and clinically recovered patients. As disease detectives, 
their role in the fight against the COVID-19 pandemic include, but 
not limited to: diagnosis, monitoring, confirmation of recovery, 
discovery and development of vaccines, safety and efficacy testing 
of broad-spectrum antiviral agents, validation of testing protocols 
and testing kits, offering of advisories to guide government policy 
on containment at all levels amongst others [15]. Unfortunately, 
the laboratory personnel appear not to be recognized by the 
public since the nature of their works keeps them in perpetual 
obscurity. This raises great agitations that disrupt dedication and 
collaborative efforts to the fight against the pandemic. There have 
been instances of verbal and non-verbal confrontation between the 
Pathologists and the MLS regarding the headship of the laboratory. 
The Association of Medical Laboratory Scientists of Nigeria 
(AMLSN) has once expressed deep concerns over the alleged 
exclusion of some of their members with expertise in molecular 
diagnosis in the ongoing COVID-19 testing across the country. 
Such professional rivalry is unhealthy for the Nigerian fragile 
health system amidst the pandemic.

The need to optimizing test procedure
With a novel pathogen like SARS-CoV-2, just having the viral 
nucleic acids available to test if the assay is working has been 
the first challenge which emanates from the nature of RT-PCR 
tests. RT-PCR can be performed in either a one-step or a two-
step assay. In a one-step assay, reverse transcription and PCR 
amplification are combined into one reaction. This assay setup 
can provide rapid and reproducible results for high-throughput 
analysis. The challenge is the difficulty in optimizing the reverse 
transcription and amplification steps as they occur at the same 
time, which leads to lower target amplicon generation. In the 
two-step assay, the reaction is done sequentially in separate tubes. 
This assay format is more sensitive than the one-step assay, but 
it is more time-consuming and requires optimizing additional 
parameters such as specialized reagents called primers and probes 
are necessary for the test to be run for detecting COVID-19 cases 
when testing upper respiratory tract, saliva, and plasma specimens 
from patients [27,70,71] .
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Limitations to interpretation of test
RT-PCR is prone to false negative and false positive results. 
False negatives could be due to insufficient samples, error during 
sampling, timing of sampling and testing (viral RNA levels may 
differ during clinical course) and technical/human errors during 
the PCR test. The different kits from different manufacturers needs 
to be validated in each laboratory before being used for diagnosis. 
False positives on the other hand can arise due to certain factors 
including: surge in the outbreak, resulting in increase in sample 
volume to the laboratory for testing; human errors, variability in 
test methods and personnel technical skills and contamination.

RT-PCR uses Primers
A variation in the viral RNA sequence can result in false negative 
results because mutations in the primer, probe target regions in 
the SARS-CoV-2 genome (though rare as conserved regions are 
choice targets) may cause a mismatch of primer and probe target 
region resulting in false negative result. An attempt to overcome 
this challenge is the use of multiple target gene amplification 
approach thus avoiding invalid results. Some cases of genetic 
diversity and rapid evolution of the novel SARS-CoV-2 have 
been reported [72-74].

Sensitivity of RT-PCR is not 100%
Its accuracy is dependent on Laboratory Practice Standards and 
personnel skill in the relevant technical and safety procedure.
1.	 Timing and anatomical site of sample collection.
	 Optimum sample timing is yet to be fully determined. Some 

research has recorded a peek viral content at day 5-6 post 
onset of symptoms in both lower respiratory tract and upper 
respiratory tract. In this case low viral content was already 
detected as early as day 2 -3 and viral detection at low level 
continued until 13-14days. While in another case where 
viral presence was not detected until day 14 and became 
undetectable by day 18-20, but resurfaced on day 25. The 
initial low viral detection was lower than the first case [72]. As 
for anatomical sampling site, a  study suggest the best sample 
is sputum and next is nasopharyngeal swab in ambulating 
patients [75]. The authors discouraged the use of throat swab 
for diagnosis of COVID-19. Bronchoalveolar lavage fluid is 
recommended for diagnosis of severe cases. This is limited 
by the fact that it requires suction tools, expert operator and 
invasive procedure [26-28]. Sampling must be by dacron or 
Polyester flocked swab 

2.	 Presence of amplification inhibitor in sample or inadequate 
viral content due to wrong sampling, transportation and 
handling.

3.	 False positive results are usually indicative of sample 
contamination. This calls for regular inclusion of internal 
controls which could help identify specimens containing 
substances that could interfere with nucleic acid extraction 
and amplification.

Interpretation of results
At present, interpretations are made based the following conditions 
If a case test positive both nucleocapsid proteins N1 and N2 
(Targets in the CDC assay), it is considered laboratory confirmed 
positive case. The cycle threshold (CT) valve <40 is the indicator 
of positivity while CT valves ≥40 is indicative of a negative 
result.If CT valves for one of the two nucleocapsid proteins (N1 
or N2) is ≥40, it is considered as indeterminant and requires a 
confirmation a rerun of the test [76].China has however adopted 
the use of three targets where if any two are positive or more, it 
is considered confirmed positive [77]. A study carried out in 2004 
on SARS patients indicated that though viral RNA was present in 

some patients for 30 days or more after the onset of symptoms, 
none of these individuals had a positive viral culture from 22 days 
after the onset of the illness. Though not specific to the corona 
virus that causes COVID -19, this could be an indication that 
though viral RNA may be detected using the RT-PCR method, this 
virus may not be alive and transmissible [78]. The implications of 
this can be an area of further studies, as follow up on therapeutic 
response using RT-PCR may give a wrong interpretation [59-77].
The issue of false negatives may be responsible for the many 
situations where initial test results have come out negative and 
upon a retest have been diagnosed as positive, as with the case 
of a state governor recently. It is possible that those who tested 
negative initially, may have had a higher cycle threshold, with 
mild or no symptoms, thus the early detection of production of 
antibodies may be useful in validating RT-PCR results [79], as 
antibodies take even longer to develop in asymptomatic people. 
Another study by Li et al. showed less than 40% with positive RT-
PCR test among 610 patients presenting with a clinical diagnosis 
and a typical CT scan appearance of COVID-19 pneumonia [62]  .  
Such ‘negative’ cases with resolutions of COVID-19 pneumonia 
may still be shedding viable corona virus and are likely to infect 
others [80]. 

Despite the foregoing, tests for COVID-19 are only being 
restricted to symptomatic cases because of difficulties with 
access to testing facilities, logistics and lack of testing materials, 
and patients presenting with respiratory symptoms do not get 
the proper treatment, until COVID-19 diagnosis is ruled out, a 
situation that can be fatal for the patient. Prompt identification of 
COVID-19, alongside other concurrent bacterial and viral diseases 
will greatly improve management and treatment outcomes. In 
as much as testing is needed to identify active cases, adequate 
testing is equally needed on COVID-19 recovered cases to show 
viral absence before their plasma can be collected by donor center 
for further studies. Bottlenecks in the supply chain may equally 
be a contributing factor to having patients discharged after one 
negative test as opposed to two negative results of 14 days’ 
interval that was obtainable in the past. There have been reports, 
though unconfirmed, of patients who hitherto have recovered from 
COVID-19, being positive for RT-PCR throat swab after 28days 
of being symptomatic. Therefore, monitoring the safety of blood 
and plasma donation is very important to be sure that the virus 
detected is not infectious [78]. 

The application of results in the monitoring of patient’s response 
to treatment and determination of infectivity as a guide to 
knowing when patients are qualified for release from isolation 
is also critical. The practice has been to wait until at least two 
consecutive laboratory tests result are negative. This approach 
has been reagent exerting as each isolated patient may have to 
get several turns of test thereby using up some of the reagents 
that should have been used to test others. Recently, based on the 
findings from Singapore, which indicated that despite a positive 
RNA test by the 13 day, patients are no longer infective, the new 
NCDC guideline provides for a discharge for any patient 10day 
post-onset of symptoms that has elicited at least 2 days of no 
symptoms irrespective of a positive RNA test [81]. 

Opportunities and Recommendations
Beyond ensuring that everyone who meets the case definition gets 
tested, there is need for targeted large-scale testing and this can 
only be achieved through a more rapid, accurate and affordable 
diagnostic testing approach and scaling up laboratory testing 
capacity.
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As more funds become available, there is need to expand the 
existing NCDC laboratory network for molecular testing of 
COVID-19. The ongoing leverage capacity within high-throughput 
HIV molecular testing laboratories and utilization of point of care 
tuberculosis testing geneXpert machines for COVID-19 testing 
is well recommended. We also need to establish more static and 
mobile diagnostic laboratories for rapid response.

Since testing is a critical component of the pandemic response, 
we need to increase the combined national testing capacity from 
the current 3,000-6,000 tests per day to a minimum of 20,000 
tests per day across the country if substantial progress must be 
made in combating the pandemic. Hence, the country must strive 
to utilize its existing testing capacity to the fullest, as only 40 
percent of it is being deployed at the moment. Despite the current 
turn-around time of 3-6 hours while using real time RT PCR, it is 
quite evident that with an increase in the rate of confirmed cases, 
there is a need for more a shorter turn-around time. To this end, 
private partnership with already existing molecular laboratories 
having biosafety level 2 or 3 should be continuously encouraged, 
as exemplified in the partnership of 54 gene laboratory with FCMB 
and Ogun State government in the provision of mobile molecular 
laboratories.

As global shortages of diagnostic kits and laboratory consumables 
increasingly impacts the optimal functionality of the laboratory 
system in Nigeria and across the world, an adaptive testing strategy 
is required to ensure that the most vulnerable persons (e.g. children, 
pregnant women, elderly etc.), those at elevated risk (e.g. patients 
with liver and kidney disorders), and those with super spreading 
potential (e.g. commercial sex workers, commercial motorcycle 
operators etc.) have access to testing. Hence the need for enhanced 
technical input and logistic support, home and abroad . More 
human and materials resources should be committed into mass 
testing to survey the population, to learn more about the virus 
and contribute to research and development.We need to develop 
a resilient testing algorithm with emphasis on accuracy, speed and 
availability. To do this, we may need to consider pool testing to 
both reduce cost and reduce the duration from sample collection 
to result generation. Pooling samples is scientific and has been 
reported to boost the COVID-19 testing in many countries [82]. 
In the case of Ghana for example, each pool has 10 samples and 
100 pools are tested at a time. Instead of testing one person at a 
time, samples from multiple individuals are put together and tested 
as one pool. If the pooled test comes back negative, everyone in 
the pool is declared negative. But if it is positive, each member 
of the pool is then retested individually for the infected person to 
be identified. Pooled sampling does not only scale up PCR testing 
capacity rapidly, it also utilizes less testing reagents and shortened 
the results waiting time from two (2) to around six (6) days, helping 
to shift the backlog of samples for testing that have built up in 
the laboratories, and relieving overcrowded isolation centres. 
To this end, Ghana has conducted over 370 000 tests between 
March and mid-July, 2020 making it one of the countries in the 
WHO Africa Region with the most tests per 100,000 populations 
[83]. This testing strategies is very cost effective as 370,000 
pool sampled tests would cost about USD 7.4 million ($20 per 
test), instead of USD 74 million if samples were to be tested 
individually. Unfortunately, Nigeria has been unable to achieve its 
target of 2 million tests in 3 months. To catch up with her African 
counterparts (South Africa and Ghana), Nigeria needs to adopts 
pooled samples testing strategies.Extensive training of the teaming 
medical laboratory workforce is paramount to the execution of this 
project. Actively including personnel in both public and private 
sectors will make it possible to deploy more man-power to the 

newly established molecular diagnostic laboratories. Procurement 
and distribution of supplies to laboratories should remain a priority 
focus in the testing expansion strategy as part of the overall 
infection control measures.The supply of certified kits cannot be 
over-emphasized. With a looming shortage in the supply of these 
molecular testing kits, our indigenous pharmaceutical, scientific 
and manufacturing companies should be greatly encouraged to 
pursue international best practices in the rapid development of 
integrated, random-access, point-of-care molecular devices for the 
accurate diagnosis of SARS-CoV-2 infections through friendly 
policies and investment. Care should however be taken to avoid 
potential cross-reaction with other endemic coronaviruses as well 
as potential genetic drift of SARS-CoV-2. The shorter turnaround-
time associated with these point of care molecular tests will be 
very important for real-time patient management and infection 
control decisions. These assays are safe, simple, and fast and can 
be used to test for as many cases as possible.

Furthermore, the use of syndromic testing as a tool to complement 
COVID-19 diagnosis will be a welcome development. This will 
aid the rapid diagnosis of other bacterial and viral pathogens 
presenting with symptoms similar to COVID-19, thus reducing 
the burden on the isolation centers and initiate prompt monitoring, 
intervention and treatment.Bottle necks associated with 
collection and transportation of samples over long distances 
can be surmounted with the advent and deployment of RDT 
kits. Though there is none certified at present, this is an area to 
be critically looked into. This will also foster prompt diagnosis 
which is pivotal to the effective management of any disease. The 
rapidity and ease of diagnosis has in the past very useful in the 
fight against epidemics and pandemics like HIV and malaria. The 
discovery and use of high efficacy rapid diagnostic test (RDT) kits  
could help fight the current pandemic as it will enhance a quick, 
convenient and wider coverage of testing. To this end, we need 
to explore the role of antigen and antibody tests in the future to 
enable us understand the rate of infection, and how the virus is 
spreading across the country (sero-prevalence). This will enable 
an assessment of the impact of measures taken so far to contain 
the virus, to inform current and future actions.

Finally, the safety of health personnel is to be taken very seriously. 
Many health personnel in the frontline of the fight against 
COVID-19 have been reportedly infected and some have lost their 
lives due to lack and inadequate personal protective equipment 
(PPE), poor hazard allowances and life insurances [1, 83].

Conclusion
No doubt, the novel coronavirus has come to stay with us until 
a safe and effective vaccine is made available, accessible and 
affordable. In the absence of an established cure or preventive 
vaccine, diagnostic testing remains an essential response strategy 
to interrupt the transmission of the deadly virus. Lacking of 
sufficient testing is the main reason we are not seeing the true 
picture of the disease in the country. All infected individuals within 
the population must be properly identified using the approved 
diagnostic method. Although molecular (PCR) assay may be 
prone to false negativity and false positivity, it still provides the 
most reliable results (in terms of specificity & sensitivity), to 
detect active infection to inform public health response activities 
currently in Nigeria. To this end, we need to increase our national 
testing capacity by continuously expand the existing NCDC 
molecular laboratory network, without failing to ensure the safety, 
training and re-training of our healthcare workers on infection 
prevention and control to reduce their risk of exposure. It is also 
important that the educational curricular for courses on infectious 
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diseases be revised with the intention of meeting the paradigm 
shift in disease diagnosis, prevention and control in the country. 
Accurate, real-time actionable testing data is crucial in the fight 
against this virus. This will help policymakers in making timely 
decisions necessary for containment, hence the need for us to 
optimize the national COVID-19 electronic data management 
system for better performance. Accurate and reliable data on 
COVID-19 will enable us to understand how the pandemic is 
progressing and how to respond appropriately to it.
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