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Covid 19: Transmission, Case Fatality Rate, Protective
Measures, Laboratory Diagnosis, and Possible Laboratory
Features

Mathew Folaranmi Olaniyan, Musa Abidemi Muhibi, Tolulope Busayo Ojediran
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Covid 19 is a coronavirus disease caused by Covid 19 virus or severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) formerly
referred to as novel coronavirus or Wuhan coronavirus or 2019-nCoV causes a deadly respiratory infection. It is an infectious viral agent and
a positive-sense (+ssRNA), single-stranded RNA virus that causes acute respiratory disease which can be mild, moderate, or severe illness
including death. It is a zoonotic infection and can also be transmitted from human to human. The virus enters the cell by binding with cell that
has angiotensin I converting enzyme 2 (ACE2) receptor using the spike. ACE2 receptor is found on the cell membranes of cells in the lungs,
arteries, heart, kidney, and intestines. The first outbreak was reported in Wuhan, China, on December 31, 2019, hence the initial name Wuhan
coronavirus. Globally, it has a fatality rate of 6.7% with a fatality rate of 3.5% in Nigeria as at April 18, 2020. The infection is air borne
through droplets from infected person during coughing, spiting or sneezing. It can also be contracted by touching eyes, nose, or mouth with
contaminated hands. Covid 19 may elicit both inflammatory and acute phase immune responses while the mechanical innate immune defense
can be overcome to cause severe pneumonia The virus enters the lung through ACE2 receptors on the cell membrane of the lung to destroy
cilia resulting into the accumulation of dead tissues, cells/dirts/wastes, and fluids thereby displacing the normal air content of the lung which
will eventually bring about dry cough, and difficulties in breathing. The infection can be prevented through basic protective measures which
include regular washing of hands with soap and water followed by sanitizing hands with alcohol-based sanitizer, social distancing, avoidance
of gathering, quarantine measure applicable to especially those from endemic areas, self-isolation for those who are positive or manifesting
related signs and symptoms, use of personal protective equipment, early diagnosis, and adequate intervention. The use of soap and alcohol
are effective as soap can break through the lipid layer of the virus to become smaller particles which are washed away by water while alcohol
is capable of lysing the virus. Covid 19 is diagnosed in the laboratory by real-time reverse transcription polymerase chain reaction Panel.
Covid 19 may result into abnormal liver function tests due to abnormal fat retention, elevated plasma creatinine and urea which may be due
to kidney damage, elevated CO0,, and decreased oxygen, level due to severe pneumonia, decreased and elevated anti and pro-inflammatory
cytokines respectively which may be manifested as fever, acute phase response, decreased erythropoietin due to possible kidney damage,
prolong prothrombin time/activated partial thromboplastin time and depleted platelet count which may manifest as disseminated intravascular
coagulation. This work reviewed the transmission, case fatality rate, basic protective measures, laboratory diagnosis, and possible laboratory
features of Covid 19.

Keywords: Case fatality rate, Covid 19, laboratory diagnosis, laboratory features, protective measures, transmission

coronavirus (2019-nCoV) It is an infectious viral agent and
a positive-sense (+ssRNA), single-stranded RNA virus that
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causes acute respiratory disease. Currently, there is an outbreak
0f2019-2020 Wuhan coronavirus.!' It shares some similarities
with SARS-CoV (79.5%) and bat coronaviruses (96%), which
makes an ultimate origin in bats likely. Covid 19 has been
associated with bat betacoronaviruses.!®®! The first outbreak
of Covid 19 was reported in Wuhan, China, on December 31,
2019, hence the initial name Wuhan coronavirus.’-'"! Majorly
Covid 19 affects lungs which may lead to respiratory failure
and death.['] This is because the virus enters the cell using
the glycoprotein spike to connect the angiotensin I converting
enzyme 2 (ACE2) as entry point which is most abundant in the
type II alveolar cells of the lungs. ACE2 is also abundant in
the glandular cells of gastric, duodenal and rectal epithelium,
endothelial cells, and enterocytes of the small intestine. It
is also found in the cell membranes of arteries, heart, and
kidney.[']

The virus enters the lung through ACE2 receptors on the
cell membrane of the lung to destroy cilia resulting into the
accumulation of dead tissues, cells/dirts/wastes and fluids
thereby displacing the normal air content of the lung which
will eventually bring about dry cough, and difficulties in
breathing.!"> The normal function of cilia in the lung is to
prevent accumulation of dead tissues or cells/dirts/wastes
and fluids which are removed through productive cough as a
form of innate/mechanical immune response or defense but
this function is reversed in on the entry of Covid 19 virus into
the lung as it will damage the cilia to negatively affect the
physiological function.'!

The basic reproduction number of Covid 19 virus is between
1.4 and 3.9 which implies that if the infection is left without
clinical intervention, the virus typically results in 1.4-3.9
new cases per established infection.l'>!s] The illness caused
by Covid 19 virus ranged from mild to severe resulting in

Table 1: 2019-nCoV rRT-PCR

MH step Cycles Temp Time
UNG incubation 1 25°C 2 minl30311
RT incubation 1 50°C 15 min3031
Enzyme activation 1 95°C 2 minl30311
Amplification 45 95°C 3 gl3031]
55°C 30 sl3031

RT: Reverse transcription, UNG: Uracil-N-glycosylase

Table 2: Covid 19 real-time reverse transcription
polymerase chain reaction diagnostic panel results
interpretation

nCoV_N1 Covid 19_N2 Covid 19_N3 RP Result interpretationa

+ + + + Covid 19 detected?**3"
If only one, or two, of three targets is + Inconclusive result3*3!
positive

- - - + Covid 19 not detected 3!
Invalid result*°31

RP: human RNase P

death.l'!] Covid 19 may elicit both inflammatory and acute
phase immune responses while the mechanical innate immune
defense can be overcome to cause severe pneumonia.t'-!

TRANSMISSION

Covid 19 virus is primarily a zoonotic infection. The infection
was linked to a large seafood and animal market. Covid 19
virus can be transmitted from infected human to an uninfected
human through close contact, specifically through respiratory
droplets from coughs and sneezes within a range of about
6 feet (1.8 m).['"2% Specifically, the infection is air borne
through droplets from infected person during coughing, spiting
or sneezing. It can also be contracted by touching eyes, nose,
or mouth with contaminated hands when the hands have
come in contact with the virus on objects or air. Contaminated
money and bottoms of automatic teller machine can also
serve as vehicle of transmission. Coronavirus RNA has also
been demonstrated in stool samples from infected patients.?!
The virus is capable of infecting human during incubation
period of 1-14 days and there is possibility transmission from
asymptomatic cases. The virus is able to transmit along a chain
of at least four people. Animals sold for food are possible
intermediary because many of the first identified infected
individuals were workers at the Huanan Seafood Market
because of their rate of contact with animals.!'®!7]

The receptor binding protein of the nCoV spike (S) protein
has adequate affinity to the receptor of Angiotensin converting
enzyme 2 (ACE2). The virus uses Angiotensin converting
enzyme 2 (ACE2) which is also found on kidney as receptor
to enter cell. In a drug docking experiments for the potential
protease inhibitors, the viral 3C-like protease M (pro) from
the ORF1a polyprotein has been modeled.2"

Case FataLity Rate oF Covip 19 INFECTION

Globally, 2,074, 529 confirmed cases and 139,378 deaths with
a fatality rate of 6.7% as on April 18, 2020, while the fatality
rate as at this time in Nigeria was 3.5% (19 deaths against 542
confirmed cases).[!:?!-?7)

Risk ASSESSMENT

Covid 19 outbreak is a novel public health problem that calls
for aggressive interventions. The risk from these outbreaks
depends how well the virus spreads from human to human, the
severity of illness it causes availability of vaccine, treatment
medications and responses to stem the spread.!'! Covid 19
virus has posed a high threat to public health globally as the
illness caused by the virus may result to death (at the rate of
about 6.7%) and can easily be spread between humans as found
all over the world.?4 The infection has become pandemic.
The risk of infection majorly depends on exposure through
contacts with the droplets of infected individuals. Currently,
health-care workers caring for Covid 19 virus patients, other
close contacts through any form of gathering involving Covid
19 virus patients.!
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Basic ProtecTive MeasuRres AGAINST Covip 19 VIRus

*  Building resistance against Covid 19 virus!-!

* Individuals presenting with dry cough, difficulty in
breathing, fever, fatigue, and other respiratory symptoms
should present themselves for proper diagnosis and
management®

*  Health-care provider should follow recommended
infection control procedures!!!'”!

*  People who have had close contact with someone infected
with Covid 19 virus should report to appropriate health
facilities for laboratory test or self-isolate for 14 days until
they are confirmed negative by laboratory test!!!

*  Regular washing of hands with soap and water for at
least 30 s and thereafter disinfect the hands with an
alcohol-based sanitizing solution (using alcohol of
60%-90% grade)"

*  During coughing and sneezing, cover mouth, and nose
with flexed elbow or tissue or sterile handkerchief and
discard the tissue/handkerchief immediately into a closed
bin and wash hands as earlier reccommended?*

* Inpublic or at socials, maintain a distance of at least 3 feet
distance from people!®

*  Avoid touching eyes, nose, and mouth as we use hands to
touch surfaces which can be contaminated with the virus,
if necessary wash and sanitize the hands as recommended
before doing sol*!

*  Report fever, cough difficulty breathing or any respiratory
symptom as early as possible for medical caret

*  Regular hand washing with soap, alcohol, and potable
water after touching animals and animal products; avoid
touching eyes, nose or mouth with hands; and avoid
contact with sick animals or spoiled animal products™!

* Avoid contact with animals especially in the market
(e.g., stray cats and dogs, rodents, birds, and bats)®

*  Avoid contact with potentially contaminated animal waste
or fluids on the soil or structures of shops and market
facilities!¥

* Avoid consumption of raw or undercooked animal
products such as meat, milk, or animal organs™

+  Early diagnosis?”

e Quarantine measures of suspected individuals®

«  Self-isolation if exposed and isolation of positive cases!!

e The use of personal protective equipment

LasoraTory DiAGNOSIS

Two 1-step quantitative real-time reverse-transcription
polymerase chain reaction assays

This is a rapid assay that allows for the detection of detection
of 2019n-CoV in human samples, that can allow early
identification of patients.?”%

Daniel at al.*® developed two 1-step quantitative real-time
reverse transcription polymerase chain reaction (rRT-PCR)
assays to detect two different regions (ORF1b and N) of Covid
19 genome. They designed primer and probe sets that will react

with Covid 19 and its closely related viruses such as SARS
coronavirus. These assays also involved the use of positive
and negative controls [Table 1].

Daniel at al.?® reported that RNA extracted from cells infected
by SARS coronavirus was used as a positive control and DNA
plasmids was used as positive standards, the detection limits of
these assays were found to be below 10 copies per reaction. All
in the assays. Samples from two 2019-nCoV-infected patients
tested positive against the negative control samples that tested
negative as expected.

Detection of Covid 19 by real-time reverse transcription
polymerase chain reaction®®!

Corman et al.,” made use of cell culture supernatants
containing typed coronaviruses and other respiratory viruses
including samples from all collections comprised sputum as
well as nose and throat swabs. RNA was extracted from clinical
samples using MagNA Pure 96 system (Roche, Penzberg,
Germany) and from cell culture supernatants with the viral
RNA mini kit (QIAGEN, Hilden, Germany) [Table 2].

Real-Time reverse transcription polymerase chain
reaction panel for detection Covid 19

Centers for Disease Control and Prevention, Respiratory
Viruses Branch, Division of Viral Diseases.?*3% describes the
use of rRT-PCR assays for the in vitro qualitative detection
of Covid 19 in respiratory specimens and sera. The Covid 19
primer and probe sets are designed for the universal detection
of SARS-like coronaviruses (N3 assay) and for specific
detection of Covid 19 (N1 and N2) assays.**3!

BiosAFeTY PRECAUTIONS

To carry out the assay or handle the samples those involved must
wear personal protective equipment such as gowns, gloves, eye
protection when working with clinical specimens. The samples
must be processed in a certified class II biological safety cabinet
following biosafety level 2 or higher guidelines./?>3%

ACCEPTABLE SPECIMENS

Nasopharyngeal or oropharyngeal aspirates or washes***!!
Nasopharyngeal or oropharyngeal swabs%3!]
Bronchoalveolar lavage**3!

Tracheal aspirates and sputum(3®3!]

Serum. 303!

nhkwb =

Note: Swab specimens should be collected only on swabs
with a synthetic with aluminum or plastic shafts while swabs
with calcium alginate or cotton tips with wooden shafts are
not acceptable. 303!

STORAGE OF SPECIMEN

1. Store specimens at 4°C for up to 72 h after collection
or at —70°C or lower if there will be a delay in the
extraction3%3!)
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2. The Nucleic acids extracted from the specimens should
be stored at —70°C or lower.F%3!

CRITERIA FOR THE REJECTION OF SPECIMEN

*  Reject all specimens not kept at 2°C—4°C (<4 days) or
frozen at —=70°C or below!*%3!

* Reject any incomplete labeling of specimen or
documentationf*®3!]

e Reject inappropriate specimen typel3%3!]

*  Reject insufficient specimen volume. 303!

Reagents anp EquiPmeNT REQUIRED

Reagents and supplies

rRT-PCR primer/probe sets**3!]

Positive template contro**3!]

TagPath™ 1-Step RT-qPCR Master Mix, CGB%31

Molecular grade water, nuclease-free3%3!

Disposable powder-free gloves*®3!

P2/P10, P200, and P1000 aerosol barrier tipst*3!!

Sterile, nuclease-free 1.5 mL microcentrifuge tubes3!!

0.2 mL PCR reaction tube strips or 96-well real-time PCR

reaction plates and optical 8-cap strips®3!

Laboratory marking penl***!

10. Cooler racks for 1.5 microcentrifuge tubes and 96-well
0.2 mL PCR reaction tubes*%3!]

11. Racks for 1.5 ml microcentrifuge tubes3%3!

12. Acceptable surface decontaminants3!

13. DNA AwayTME031

14. RNAseB*3!

15. 10% bleach (1:10 dilution of commercial 5.25%—6.0%
sodium hypochlorite).l3%3!

PN R WD

e

Equipment

1. PCR work station (ultraviolet lamp; laminar flow)?3%31
2. Vortex mixer31

3. Microcentrifuge%3!

4. Micropipettes of 2 ul, 10 ul, 200 ul and 1000 plE%2"

5. Multichannel micropipettes (5-50 ul)B%31

6. 2 x96-well cold blocks?3!

7. —=20°C (nonfrost-free) and —70°C freezers; 4°C

refrigerator3%-3!
Real-time PCR detection system![**3!]
9. Nucleic acid extraction system.3%3!]

*®

Extraction of nucleic acid

1.  Amount and quality of sample template RNA determine
the performance of rRT-PCR amplification-based assays
therefore RNA extraction procedures should be qualified
and validated for recovery and purity before testing
specimensi3l

2. Commercially available extraction procedures that have
been shown to generate highly purified RNA extraction
includef**3!]
*  bioMérieux NucliSens® systems
*  QIAamp® Viral RNA Mini Kit

*  QIAamp® MinElute Virus Spin Kit
e RNeasy® Mini Kit (QIAGEN)
e EZ1 DSP Virus Kit (QIAGEN)
*  Roche MagNA Pure Roche MagINA Pure 96 DNA
e Viral NA Small Volume Kit and Invitrogen
ChargeSwitch® Total RNA Cell Kit.

3. Retain residual specimen and nucleic extract and store
immediately at —70°CPB%31

4. Only thaw the number of specimen extracts that will be
tested in a single day**3"

5. Do not freeze/thaw extracts more than once before
testing. (3031

Quality control

Due to the sensitivity of rRT-PCR, these assays should be

conducted using strict quality control and quality assurance

procedures.*%31

1. The laboratory personnel must be conversant with the
method/procedure and instruments to be used*%3!

2. There must be separate areas and dedicated pipettes,
microcentrifuge, microcentrifuge tubes, pipette tips,
gowns and gloves for assay reagent setup and handling
of extracted nucleic acids?"3!

3. The flow of work must always be from the clean area to
the dirty areal®3!

4. Laboratory personnel involved must wear clean disposable
gowns and new, previously unworn, powder-free gloves
during assay reagent setup and handling of extracted
nucleic acids.**” Whenever contamination is suspected
gloves must be changed3%3!!

5. Store primer/probes and enzyme master mix at appropriate
temperatures as prescribed in the package.?*3" Do not use
expired reagentst%31

6. Capp all reagent tubes and reactions as much as possibleP*3!

Clean and decontaminate working surfacest**!!

8. Extracted nucleic acid or PCR products must not be
brought into the assay setup areal>*!!

9. Use aerosol barrier (filter) pipette tips only!3%3!!

10. Use PCR plate strip caps onlyB%3!

11. Do not use PCR plate sealing film.[%31

=

Assay controls

1. Assay controls should be run concurrently with all test
samples031

2. Positive template control (PTC) with an expected value
range3031]

3. Negative template control (NTC) added during rRT-PCR
reaction setup-3%

4. Human specimen extraction control (HSC) extracted
concurrently with the test samples provides a nucleic acid
extraction procedural control and a secondary negative
control that validates the nucleic extraction procedure and
reagent integrity%3"

5. All clinical samples should be tested for human RNAse
P gene to determine specimen quality.%3!
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Real-time reverse transcription polymerase chain

reaction assays

1. The assays involve preparation of stock reagent setting
rRT-PCR Primers/Probe, use of PTC, NTC, HSC and
equipment preparation!*®3!

2. Assays should be carried out according to the
manufacturer’s instructions.?*3"

Equipment preparation

1. Clean and decontaminate all work surfaces, pipets,
centrifuges and other equipment prior to assays
using RNase or 10% freshly prepared sodium
hypochlorite**3!

2. PutonAB 7500 Fast DX and allow block to attain optimal
temperature?**

3. Perform plate setup and select cycling protocol on the
instrument(3%3!]

4. Set Instrument: Detector (FAM); Quencher (None);
Passive Reference: (None); Run Mode: (Standard);

5. Sample Volume (20 nL).B3031

Fluorescence data should be collected during the 55°C

incubation step!®'32

Possible laboratory featurest®?-4

1. Abnormal liver function tests due to liver: microvesicular
steatosis steatosis, (abnormal retention of fat (lipids)
within a cell or organ)i234

2. Prolong prothrombin time and the activated partial
thromboplastin time, low fibrinogen, depleted platelet
count, high levels of fibrin degradation products, including
D-dimer, schistocytes manifesting as disseminated
intravascular coagulation possibly due to impaired liver
functionl3234

3. Low level of oxygen (hypoxemia) and elevated carbon
dioxide (hypercapnia) due to severe pneumonial®*34

4. Abnormal renal function tests including elevated urea/
creatinine, electrolyte/fluid imbalance due to damage to
the kidney in advance stage3>>4

5. Low erythropoietin level which may result from
kidney[*>34

6. Elevated pro-inflammatory and decreased
anti-inflammatory cytokines due to inflammatory
responses as a result of the infection as manifested by
symptoms like fever

7. Acute phase response leading to elevated positive acute
phase and decreased negative acute phase proteinst®>3*

8. Decrease in blood minerals as a result of gastrointestinal
disorders because the virus can infect enterocytes
through ACE2 on the intestinal cell membrane to cause
enteropathy thereby decreasing the absorption of nutritive
minerals.[234

CoNncLusIOoN

Covid 19 is a coronavirus disease caused by Covid 19 virus
or SARS-CoV-2 that enters host cell through ACE2 receptor

using the spike can be detected by Real-Time RT-PCR Panel.
It can be contracted through contact with the droplets from
the infected person which can be avoided by washing hands,
use of alcohol-based sanitizer, personal protective equipment,
self-isolation, social distancing, quarantine measures, and
social distancing. As on April 6, 2020, the case fatality rate
globally was 5.5%; and in Nigeria, it was 2.2%. Possible
laboratory features include abnormal levels of hematological,
immunological, liver and renal parameters.
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