COVID-19 Diagnostic Testing Chart

The COVID-19 pandemic has globally created disease and suffering for the world and the urgent need for
diagnostic testing of patients and populations. In response a multitude of COVID-19 tests are available to use
from many different manufacturers and organizations. The majority of available tests use a gold standard
method to identify neucleic acids of the COVID-19 virus and some use protein antigens from the virus. Both
types of testing (molecular and antigen) are summarized in the table below. Variations in patient respiratory
sample collection methods also exist, with specifics included in a second table.

The basis for the molecular tests is to use regions of interest on the outer capsule of the COVID-19 virus to
develop the probes used in molecular testing. The available tests generally target more than one of the
regions of interest which improves the test ability to sustain activity if the virus mutates. The available tests
differ as to which regions and how many of the regions are utilized. Some genes targeted within the regions
of interest have proven more sensitive than others, thus the variability in sensitivity data among the tests (in
vitro).

A link to tests that have received an Emergency Use Authorization (EUA) from the United States Food and
Drug Administration (FDA) may be found at here.

A link to the authorized products from Health Canada may be found here.

The summary of the charts and introduction material is to provide pharmacists a quick understanding of the
tests available to aid them in care and education of their patients within their practice.

The information contained in this COVID-19 Testing Chart is emerging and rapidly evolving because of
ongoing research and is subject to the professional judgment and interpretation of the practitioner. ASHP
provides this COVID-19 Testing Chart to help practitioners better understand current approaches related to
COVID-19 testing. ASHP has made reasonable efforts to ensure the accuracy and appropriateness of the
information presented. However, any reader of this information is advised that ASHP is not responsible for the
continued currency of the information, for any errors or omissions, and/or for any consequences arising from
the use of the information in the COVID-19 Testing Chart. Any reader of this document is cautioned that ASHP
makes no representation, guarantee, or warranty, express or implied, as to the accuracy and appropriateness
of the information contained in this COVID-19 Testing Chart and will bear no responsibility or liability for the
results or consequences of its use. To the extent this COVID-19 Testing Chart is translated into languages
other than English, any person or entity that relies on the translated content does so solely at their own risk.
ASHP shall not be liable for any losses caused by reliance on the accuracy or reliability of translated
information.

ashp
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COVID-19 Diagnostic Testing Chart

Types of COVID-19 Diagnostic Tests

COVID-19 Test
Type

Molecular Testing—Major Examples

RT-PCR

LAMP

CRISPR

Antigen Testing

Term Definition

Reverse transcriptase
polymerase chain reac-
tion.

Loop-mediated isother-
mal amplification
(LAMP).

Clustered Regularly In-
terspaced Short Palin-
dromic Repeats
(CRISPR).

Rapid test for viral
proteins or antigens of
COVID-19.

What is the test identi-
fying?

SARS- CoV-2 Viral RNA
Presence'

SARS-CoV-2 Viral RNA
Presence’

SARS-CoV-2 Viral RNA
Presence’

Presence of the nucle-
ocapsid protein anti-
gen®

When should the test be
used?

Detectable COVID-19
virus begins approxi-
mately 3 to 7 days after
exposure and peaks
with symptom onset. 8°

Diagnosis of COVID-19
during the acute phase
of infection

Asymptomatic patients
with COVID exposure

Symptomatic patients’

For quicker diagnosis of
COVID-19 during the
acute phase of infection

Asymptomatic patients
with COVID exposure

Symptomatic patients '

For quick diagnosis of
COVID-19 during the
acute phase of infection

Asymptomatic patients
with COVID exposure

Symptomatic patients’

For quick diagnosis of
COVID-19 during the
acute phase of infec-
tion

Asymptomatic pa-
tients with COVID ex-
posure

Symptomatic patients
1

Where is the test con-
ducted?

Medical laboratory >

Medical laboratory,
Pharmacy, MD office,
COVID-19 testing sites
using point of care test-
ing ®

Medical laboratory,
Pharmacy, MD office,
COVID-19 testing sites
using point of care test-
ing ®

Medical Laboratory,
Pharmacy, MD office,
COVID-19 testing sites
using point of care
testing ®

How is the test sample
obtained from the pa-
tient?

Various upper respirato-
ry specimens
(nasopharyngeal swab,
oropharyngeal swab,
anterior nasal swab, na-
sal mid-turbinate swab,
saliva) 1»

Various upper respirato-
ry specimens
(nasopharyngeal, oro-
pharyngeal swab, anteri-
or nasal swab, saliva) '3

Nasopharyngeal or oro-
pharyngeal 5

Nasopharyngeal or
oropharyngeal °

Who can obtain the test
sample?

All tests can be per-
formed by a healthcare
provider or trained op-
erators

Nasal mid-turbinate
swab can also be per-
formed by a supervised
patient

Anterior nasal swab and
saliva collection can also
be performed by a su-
pervised or unsuper-
vised patient °

All tests can be per-
formed by a healthcare
provider or trained op-
erators

Nasal mid-turbinate
swab can also be per-
formed by a supervised
patient

Anterior nasal swab and
saliva collection can also
be performed by a su-
pervised or unsuper-
vised patient?®

Tests can be performed
by a healthcare provider
or trained operators.>

Tests can be per-
formed by a
healthcare provider or
trained operators®
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COVID-19 Test
Type

Molecular Testing—major examples

RT-PCR

LAMP

CRISPR

Antigen Testing

How is the test
performed by the
laboratory?

The test uses nucleic
acid amplification tech-
nology (NAAT) based
on polymerase chain
reaction where the RNA
is extracted from the
sample and transcribed
into complementary
DNA. Then, the primers
will bind to the DNA
which will allow for the
DNA polymerase to
copy it. The DNA poly-
merase will then de-
grade the bound probe,
which will give off a flu-
orescence signal. The
more copies of the virus
DNA are made, there
will be a greater fluores-
cence signal. Once the
fluorescence signal
reaches a certain thresh-
old, then the test is posi-
tive for COVID-19.7

The LAMP tests use the
same process as the RT-
PCR except that it by-
passes the thermal cy-
cling process as it can
provide amplification of
the nucleic acids at con-
stant temperatures. The
amplified DNA can be
detected by changes in
turbidity, addition of
intercalating dyes, or by
a pH-sensitive dye. 3

CRISPR is a biotechno-
logical tool used for
gene editing. It has the
ability to detect certain
DNA sequences such as
those that exist in the
SARS-CoV-2 virus.!

Using antibody-
antigen recognition,
rapid antigenic tests
detect the presence of
viral proteins. Anti-
genic strips are coat-
ed with antibodies
that bind to a viral
protein. The viral pro-
teins in the blood
sample bind to the
antibodies forming a
colored indicator on
the strip. This change
of color is normally
induced by using the
plasmonic properties
of colloidal gold-
based immunochro-
matographic assay,
which helps provide
sensitivity without
losing the simplicity
of lateral flow assays.’

How long does it take to
run the test?

2 - 6 hours (average
about 3 hours) depend-
ing on the manufacture

Average of > 48 hours
turnaround time'!

5-13 minutes'!

30 minutes'!

15 minutes®

What does a positive
test mean?

Definitive for active
COVID-19. Positive re-
sults means that the
fluorescence threshold is
reached due to high
number of DNA copies
made. '

Definitive for active
COVID-19. A positive
result means that there
is large amount of DNA
seen. 13

Definitive for active
COVID-19. Positive re-
sults mean there is a
detection of at least two
SARS-CoV-2 viral gene
targets.!

Positive results indi-
cate the presence of
viral antigens, but
clinical correlation
with patient history
and other diagnostic
information is neces-
sary to determine in-
fection status.”

What does a negative
test mean?

Does not rule out COVID
-19 due to chance of
false negatives. '

Does not rule out COVID
-19 due to chance of
false negatives.?

Does not rule out COVID
-19 due to chance of
false negatives.!

Does not rule out
COVID-19 due to
chance of false nega-
tives. 5

Are there false positive
results?

Yes. It is very unlikely
for a false positive to
occur; however, there is
a slight chance due to
contaminated speci-
mens or inappropriate
protocol implementa-
tion. Additionally, the
patient may recover
from COVID-19 and have
small viral RNA particles

Yes. It is very unlikely
for a false positive to
occur; however, there is
a slight chance due to
contaminated speci-
mens or inappropriate
protocol implementa-
tion. Additionally, the
patient may recover
from COVID-19 and have
small viral RNA particles

Yes, it is possible if

specimen is contaminat-
ed or the protocol is not
followed appropriately. !

Yes, it is possible if
specimen is contami-
nated or the protocol
is not followed appro-
priately.
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COVID-19 Test
Type

Molecular Testing—major examples

RT-PCR

LAMP

CRISPR

Antigen Testing

Are there false negative
results?

Yes. A false negative
can occur due to inade-
quate levels of the virus,
poor sample collection
and preparation, and
laboratory errors. 2

Yes. A false negative
can occur due to inade-
quate levels of the virus,
poor sample collection
and preparation, and
laboratory errors. False
negatives may also oc-
cur if an amplification
inhibitor is present. 3

Yes. Failure to detect
the virus in infected pa-
tients (false negatives)
can be due to low sensi-
tivity or other issues,
such as laboratories
working under pressure,
or poor sample collec-
tion and preparation.!

Yes. These false nega-
tives are due to lower
sensitivity compared
to molecular diagnos-
tic tests.>

Does the test need to be
repeated?

This test should be re-
peated in a patient with
a negative test and high
clinical suspicion of
COVID-19 as this test
will not detect if the pa-
tient is at an early infec-
tion stage and the pa-
tient could still have
symptoms in the futures.
The test should not re-
peated after a positive
COVID-19 test as the
test will still be positive
after the resolution of
symptoms due to the
detection of small viral

This test should be re-
peated in a patient with
a negative test and high
clinical suspicion of
COVID-19 with a RT-PCR
test. The test should not
be repeated after a posi-
tive COVID-19 test as
the test will still be posi-
tive after the resolution
of symptoms due to the
detection of small viral
RNA particles. 3

This test should be re-
peated in a patient with
a negative test and high
clinical suspicion of
COVID-19 as this test
will not detect if the pa-
tient is at an early infec-
tion stage and the pa-
tient could still have

symptoms in the futures.

The test should not re-
peated after a positive
COVID-19 test as the
test will still be positive
after the resolution of
symptoms due to the
detection of small viral

The test should be
repeated If both the
Positive and Negative
Controls fail during
the testing process.”
Additionally, a nega-
tive antigen test may
require confirmatory
testing with a molecu-
lar based diagnostic
test prior to making
treatment or preven-
tion decisions.®

Key points to inform
patients regarding the
test

The RT-PCR test is the
gold standard test for
patients with current
COVID-19. RT-PCR will
only detect patients that
are currently infected
with COVID-19. This test
does not show if the
patient has had COVID-
19 in the past or has cur-
rent immunity to COVID
-19. This test might
cause a patient to get a
false negative result if
the patient is tested at
an early infection state.

The LAMP test can be
used as a point-of-care
test due to quick test
results and decreased
equipment costs. How-
ever, the patient needs
to know that point of
care testing has more
variable sensitivity than
the RT-PCR testing and
therefore a higher risk of
false positives and false
negatives. 39

CRISPR based diagnosis
represents a prime ex-
ample where mixed
technologies can lead,
combining high specific-
ity with efficient and
-cost biosensors. They
can also be run several
time to decrease the
chances of false nega-
tives. 12

The antigen tests may
provider faster results
but they also have
lower sensitivity and
specificity than molec-
ular testing and there-
fore are plagued with

more false negatives.
1,9
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Diagnostic Test Specimen Collection Methods

Specimen collection method 4'972: Nasopharyngeal swab

Description of Collection Method

Who May Collect
the Specimen

PPE Required

1.

2
3
4.
5
6

1.

10.

12.

Have patient remove their mask

Blow nose into a tissue

Remove swab from packaging

Tilt the patient head back slightly

Ask patient to close eyes to lessen mild discomfort

Gently insert swab along nasal septum and parallel to the
palate (not upwards) to nasopharynx until resistance it felt

Gently rub and roll swab and leave the swab in place for sev-
eral seconds

Then, slowly remove the swab while rotating the swab sever-
al times

Ask patient to reapply their mask
Open the collection tube and inset the swab into the tube

Break the swab at the groove and discard the remaining
swab

Close the labeled collection tube and wipe with surface-
disinfectant wipe and place in a biohazard bad. 41©

Healthcare provider

e Protective gown

e Nonsterile gloves

e Protective mask with a
rating of N95 or high

e Face shield or goggles

Specimen collection method 35°: Oropharyngeal swab

D

escription of Collection Method

Who May Collect
the Specimen

PPE Required

Have patient remove mask
Remove swab from packaging

Swab the posterior pharynx, tonsils, or other inflamed areas.
Avoid touching the tongue, cheeks, and teeth with the swab

Ask patient to reapply their mask
Open the collection tube and insert the swab into the tube

Break the swab at the groove and discard the remaining
swab

Close the labeled collection tube and wipe with surface-
disinfectant wipe and place in a biohazard bag.

Healthcare provider

e Protective gown
e Nonsterile gloves

e Protective mask with a
rating of N95 or high

e Face shield or goggles
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Specimen collection method %39 Nasal mid-turbinate swab

Description of Collection Method

Who May Collect
the Specimen

PPE Required

INEEINN

o

© ® N o

Ask patient to remove mask
Remove swab from packaging
Tilt head back 70 degrees

Direct mid-turbinate swab straight back along nostril floor
until stopper hits the nostril.

Rotate the swab several times (10 - 15 seconds), then slowly
remove from the nostril

Repeat in the other nostril using same swab
Ask patient to reapply their mask
Open the collection tube and insert the swab into the tube

Close the labeled collection tube and wipe with surface-
disinfectant wipe and place in a biohazard bag. 3

Healthcare provider or super-
vised patient

If the pharmacist is collect-
ing the specimen then:

e Protective gown
e Nonsterile gloves

e Protective mask with a
rating of N95 or high

e Face shield or goggles

If the patient is obtaining
the sample and the pharma-
cist is collecting the speci-
men then:

e 6 ft distance from the
patient

e Gloves and mask

Specimen collection method?>: Anterior Nasal Swab

Description of Collection Method

Who May Collect
the Specimen

PPE Required

1.

2.

Ask patient to remove mask
Remove direct nasal swab from packaging

Carefully insert the swab into the nostril exhibiting the most
visible drainage or the nostril that is most congested if drain-
age is not visible.

Using gentle rotation, push the swab until resistance is met
at the level of the turbinates (less than one inch into the nos-
tril)

Rotate the swab several times against the nasal wall and
leave in place 10 to 15 seconds then slowly remove from the
nostril

Using the same swab, repeat the sample collection in the
other nostril

Ask patient to reapply their mask

Open the collection tube and insert the swab into the tube.
Immediately run the POCT test.

Healthcare provider, super-
vised patient, or unsupervised
patient

If the pharmacist is collect-
ing the specimen then:

e Protective gown
e Nonsterile gloves

e Protective mask with a
rating of N95 or high

e Face shield or goggles

If the patient is obtaining
the sample and the pharma-
cist is collecting the speci-
men then:

e 6 ft distance from the
patient

e Gloves and mask
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Specimen collection method &7 ; Saliva sample

Who May Collect

Description of Collection Method g
the Specimen

PPE Required

1. Prior to test, ask the patient to avoid water for 10 minutes Healthcare provider, super- If the pharmacist is collect-
prior to the test and to avoid food, other liquids, or brushing | vised patient, or unsupervised |ing the specimen then:
of teeth for 30 minutes prior to the test. patient

e Protective gown

2. Ask patient to remove mask if applicable «  Nonsterile gloves

3. Hand specimen cup to patient e Protective mask with a

4. Ask the patient to allow the saliva to pool in their mouth for rating of N95 or high
a few seconds without swallowing and then lean forward

and let it drip (do not spit or cough) into the specimen cup *  Face shield or goggles

repeatedly until roughly one third of the cup is full or up to If the patient is obtaining
2 mls with liquid (excluding bubbles) the sample and the pharma-
cist is collecting the speci-

5. Ask patient to securely close liquid before handing back to

men then:
healthcare worker
e 6 ft distance from the

6. Ask patient to reapply their mask )
patient
7.  Wipe the specimen container with surface-disinfectant wipe

and place in a biohazard bag. * Gloves and mask
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