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PCR infectious pannel

PCR infectious pannel detect over 100 micdroorganism by gualitative and
guamtitative method

PCR infectious test use foe detect slow growth organism and microorganism
Impossible for culture method or new strain of microorganisms

In PCR method we can use all source of clinical samples ( fresh or old)
PCR advantage from culture:

Cultivation of samples for at least 24 hours and Sometimes it takes several
weeks to become positive. If sick If he has taken antibiotics, the culture
may be negative.Even if clinical samples are sent to the laboratory later

Cultivation of some infectious agents is negative



PCR infectious pannel

* Culture of some infectious agents such as viruses, chlamydia,Mycoplasma and rickettsiae
could not be cultured by conventional methods and need specific culture media so with the

help of PCR, the above samples can be checked and the result will be ready in a
few hours

* An example is tuberculosis culture as gold standard, which takes time several
weeks, but with the 24-hour PCR technique, the patient's result can be
determined so Treatment of the patient begins quickly

* For positive TB smears, 98% PCR test is sensitive, but for negative TB smears
There is 45% sensitivity and the test specificity is above 98%

* For two groups of patients PCR tuberculosis have not order, the first group of patients who have started anti-
tuberculosis treatment should not be requested because the false positive PCR test occurred

* and the second group of people with negative TB smear with weak clinical suspicion of tuberculosis because
the PCR result If it is false negative, the patient will not be identified.

* PCR in extrapulmonary tuberculosis is highly recommended such as CSF and
serous fluid
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- Detection of rising titres of antibody between acute and
convalescent stages of infection,

- or the detection of IgM In primary infection.



* Terms used in evaluating test methodology :

* Analytical Sensitivity — ability of a test to detect very small
amounts of a substance

* Clinical Sensitivity - ability of test to give positive result if
patient has the disease (no false negative results)

» Analytical Specificity - ability of test to detect substance
without interference from cross-reacting substances

* Clinical Specificity - ability of test to give negative result if
patient does not have disease (no false positive results)



¢ Affinity : Affinity refers to the strength of binding between a single

antigenic determinant and an individual antibody combining site. Affinity is
the equilibrium constant that describes the antigen-antibody reaction

* Itis the sum of the attractive and repulsive forces operating between the
antigenic determinant and the combining site .

. Avidity . Avidity is a measure of the overall strength of binding of an

antigen with many antigenic determinants and multivalent antibodies
Avidity is influenced by both the valence of the antibody and the valence of the
antigen.

* Avidity is more than the sum of the individual
affinities.



Preanalytical error
Infectious tests

* Icteric & lipemic sample

* Clot or fibrin in samples

* Missing sample

* Mislabling sample

* Insufficient samples

* No drug using history for patients ( especialy in TORCH panel)
* Dislocation of serum in sampling or separation phase



Analytical error
Infectious tests

* Flactuation of temperature in refrigator or freezer
* Frequent freeze and defreeze of serum samples

* Using expire kits and reagents

* Don’t using external control

* Flactuation of enviromental factors such as moisture and temperature for manual
immunoassay and ELISA methods

* Do not reach the ambient temperature of the kits taken out of the refrigerator at the
time of use

* Dilution error in ELISA kits
* Error temperature in ELISA methods (37 / RT)

* Error temperature of incubator of automatic instrument for immunoassay tests (CLIA
/ ECL /ELFA ....)



Analytical error
Infectious tests

* Contamination and drop of conjugate reagent in manual ELISA methods
* Contamination and drop trigger reagent in automated immunoassay methods

e Carry over or well to well contamination between neg serum with pos control
or between pos serum with neg serum or between neg control with pos
control in ELISA methods

e Carry over in automated immunoassay methods because of fail in washing
process

e Decrease or increase the number of washes in ELISA manual methods and use
old and unsuitable buffer for washing

* Use of kits with improper sensitivity to test the torch and increase the amount
of false negatives

* Use of kits with improper specifity to test the infectious tests and increase the
amount of false positive.



Analytical error
Infectious tests

* Improper soaking time in manual ELISA methods
* Error in sampeling and dispensing serum in manual ELISA methods

* Error in sampeling and dispensing serum in automated immunoassay
instruments because of complete or partial block of Probe sample or
reagents with fibrin clot or Foreign object

* Lack of attention to the exact cut-off formula in ELISA manual
methods, especially torch and hepatitis qualitative tests

* Displacement of serum sampling and dispensing in manual ELISA
methods



Post analytical error
Infectious tests

* Transcriptional errors in manual data entery

* Prolonged TAT of emergency infectious tests for patients from predetermined
limits by lab

* Missing or Prolonged reporting and notification of critical results in field of
infectious test ( especially pos viral markers for dialysis or presurgery )

* Displacement of final report during releasing results( release to wrong patients)
e Attach another mistake report to main report of patients

* Incomplete archiving or failure to maintain positive infectious specimens for
repeat or legal issues

* Wrong reference interval of infectious tests inorder of change of kits

* Release of pos final infectious results without reconfirm with same method or
confirmatory method ( if available)

e Release of false negative infectious results without check of history or
deltacheck



Post analytical error
Infectious tests

* Lack of attention to the history of taking certain drugs for certain
infectious tests such as torch (acetaminophene/ aspirin / metformin
/ ibobrophene ....)
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5 serology method for brucellosis
confirm with WHO

* 1-Rosebangal rapid test
e 2- wright rapid test

* 3- wright tube test

* 4- 2ME test

* 5- Coombs wright test



Rosebangal rapid test (card test)
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Wright rapid test
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Wright tube test
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coombs Wright test
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2ME Wright test
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MAIN STRUCTURE OF CORONAVIRUSES

Structural Protein Function of Protein

Nucleocapsid Protein (N) Bound to RNA genome
to make up nucleocapsid

Spike Protein (S) Critical for binding of
host cell receptors to
facilitate entry of host

embrane ool

Protein (M)
Envelope Protein (E) Interacts with M to form

viral envelope

RNA "' Membrane Protein (M) Central organiser of CoV
assembly

Determines shape of
viral envelope

It has been noted that some CoVs do not need to have the full ensemble of
structural proteins to make virions, highlighting that certain proteins may be
Spike Protein (S) Envelope Protein (E dispensable or compensated by the function of non-structural proteins

Nucleocapsid
Protein (N)




DIFFERENT TYPE OF ANALYTE LABORATORY TESTING RELATED COVID-19




FAVORABLE TECHNOLOGY DETECTION RELATED SARS COV-2

* Closed System
* More Safety & Standardize
* Open system
e Easy & Faster to develop new test

e Rapid immunochromatigraphy

e Faster results, Easy to use
® ELISA or Chemiluminoscence
* More standardize & possible to Quantify




Diagnostic Testing for SARS—CoV-2/COVID-19

Type of Test

Nucleic acid
amplification test
for viral RNA
(nasopharyngeal swab,
ovopharyngeal swab, sputum,
tronchoalveolar favage fluid,
others)

Antibody
detection

Measure

Current infection with
SARS-CoV-2

Past exposure to
SARS-CoV-2

Value

Inform individual of
infection status so they can
anticipate course of iliness
and take action to prevent
transmission

Inform patient management
and actions needed to
prevent transmission

Inform actions needed to
prevent transmission

Detect susceptible
individuals (antibody
negative) and those
previously infected

Identify individuals with
neutralizing antibodies

Facilitate contact tracing
and survelillance

R. Patel et al., mBio. 11 (2020), doi:10.1128/mBio.00722-20.

TESTS FOR SARS—COV-2/COVID-19 AND POTENTIAL USES

Report from the American Society for Microbiology COVID-19 International Summit, 23 March 2020: Value of

Beneficiary

Individual

Healthcare or long-term

care facility

Public health

Identify those potentially
immune to SARS-CoV-2
{if tests can detect
protective immunity,
individuals could be
returned to work)

Healthcare facilities:
Experimental therapy

Public heailth




Main laboratory abnormalities observed x o : . 5 1o
in adult patients with unfavorable Potential clinical and biological significance

RECOMMENDED TEST e s COVID-19 progression (Modified from 1-  vogified from 3)

12)

L ]
LI ST. Increased white blood cell Bacterial {super)infection

Increase neutrophil count Bacterial (super)infection
\Complete blood count
Decreased lymphocyte count Decreased immunological response to the virus
Decreased platelet count Consumption (disseminated) coagulopathy
|Albumin Decreased Impairment of liver function

Pulmonary injury and/or widespread organ
damage

\Lactate Dehydrogenase Increased
|Alanine Aminotransferase Increased Liver injury and/or widespread organ damage
\Aspariate aminotransferase Increased Liver injury and/or widespread organ damage
Total bilirubin Increased Liver injury

\Creatinine Increased Kidney injury

|Cardiac troponin Increased Cardiac injury

Activation of blood coagulation and/or

\D-Dimer Increased
‘ disseminated coagulopathy

Activation of blood coaguiation and/or
disseminated coagulopathy

\Prothrombin Time Increased
Procalcitonin Increased Bactenal (super)infection

|C-reactive protein Increased Severe viral infection/viremialviral sepsis
|Ferritin Increased Severe inflammation

|Cytokines (IL-6) Increased Cytokine storm syndrome




FREQUENT LABORATORY ABNORMALITIES IN PATIENTS WITH
COVID-19 INCLUDE:

 Lymphopenia (35-75%)
« T C reactive protein (CRP 75-93%)
T Lactate dehydrogenase (LDH; 27-92%)

AN

* T Erythrocyte sedimentation rate (ESR; up to 85%)

AN

* | D-dimer (36-43%)

« { Albumin (50-98%)
« J Hemoglobin (41-50%)



SEROLOGICAL TESTING FOR SARS CORONA 2

* There has been much debate regarding the current value of
serological testing in COVID-19 diagnosis and monitoring.

* Serologic based tests are not currently recommended by the CDC,
NHS or other health organizations.

* There is general concern regarding their use in the acute phase of
infection as they detect infection too late in the course of illness
(usually more than 7-10 days) and they also may cross-react
with serologic responses to seasonal coronaviruses.

* However, there is anticipated value in using improved serological
testing in the future for public and occupational health
monitoring and assessment

IFCC Information Guide on COVID-19 - IFCC. www.ifcc.org



Timing of Antibody Response to SARS-CoV-2

« New virus = no pre-existing antibodies or immunity

Molecular Dete
Antibody Detection

« We are still learning about our immune
response to SARS-CoV-2

o Many develop Abs ~1-2 weeks after symptoms

— Due to delay in seroconversion, Abs do not play
aroutine role in diagnosis

o >95% of patients are Ab positive after 2 weeks
— Some patients may not seroconvert

- Immunostatus

- Assay dependent?

- Severity of illness?

. | Week-1 Weekl I Week 2 I Week 3 IWeek4 IWeekS I Week 6

o IgM declines 5-7 weeks post onset 1‘ 1‘
o 1gG remains positive for 210 weeks post onset infection  Symptom

Onset

Viral RNA
IgG Antibodies

IgM Antibodies

26

Figure modeled after Sethuraman N, et:@nIAMA. 2020; Iéz‘l E3
2021




SEROLOGICAL TESTING FOR SARS CORONA 2

* For serum antibody monitoring, according to the
“Handbook of Covid-19 Prevention and Treatment”
(Zhejiang University School of Medicine)

* Serum IgM is detectable 10 days after symptom onset
* Serum IgG is detectable 12 days after symptom onset.

* A positive interpretation has been defined as a positive
lgM, or an increased IgG titer > 4 times than that in the
acute phase.

IFCC Information Guide on COVID-19 - IFCC. www.ifcc.org



Rt-PCR Is Considered the “Gold Standard”

* 98% sensitivity and 99% selectivity
* Requires 20 minutes to 90 minutes to run the test
* Turnaround: 24 hour to >7 days; very problematic

*Three possible results:
detected;

* inconclusive

*not detected



NUCLEIC ACID TESTING (RNA SARS CORONA 2)

Upper airway Lower airway
specimens specimens




Gold standard for Diagnosis COVID-19

Real-time reverse transcription polymerase

chain reaction (rRT-PCR) is the current gold Additional confirmatory

standard for diagnosing suspected cases of
COVID-19

screening:

Confirmatory screening:

First line screening:



RNA Standards: Nnspl0 RdARp nspla

Envelope

Nucleocapsid

SARS-CoV-2 RNA genome | | | : <00 - I I .

{positions 1-7000 not shown}

| I |
" n

Primer + probe sets: China CDC Berlin

Institute

China CDC, China

Institut Pasteur, Paris, France
US CDC, USA

National Institute of Infectious
Diseases, Japan

Charité, Germany
HKU, Hong Kong SAR
National Institute of Health, Thailand

ORF1 RdRp

Gene targets

ORFlab and N

Two targets in RARP

Two targets in N gene (previusly 3)

Pancorona and multiple targets, Spike
protein

RdARP, E, N
ORF1b-nsp14, N
N

I
N

Berlin
E

I

RARDR
China CDC-N
HKU-N
US CDC-N1
US CDC-N2
US CDC-N3



COMPARISON WHO VS. CDC METHOD FOR RTPCR SARC CORONA 2

Molecular Limit of blank Reference specimens Storage conditions
targets

E gene First-line screening 3.9 copies xreaction Nasopharyngeal AND oropharyngeal swabor <5 days: 2-8 °C
RdRp gene Confirmatory testing 3.6 copies x reaction wash in ambulatory patients, lower respiratory >5 days: <70 °C
N gene Additional confirmatory N/A specimens (sputum and/or endotracheal (dry ice)

testing aspirate or bronchoalveolar lavage)

N1/2/3 gene Combined assay 1.0-3.2 copies/uL  Nasopharyngeal AND oropharyngeal swabs, <4 days: 4 °C
RNase P gene Control assay N/A sputum, lower respiratory tract aspirates, >4 days: <70 °C
bronchoalveolar lavage and nasopharyngeal
wash/aspirate or nasal aspirate

E gene, envelop gene; N gene, nucleocapside gene; RdRp gene, RNA-dependent RNA polymerase gene; RNase P gene, human RNase P gene.




Troubleshooting
and
variables

covid -19
lab tests

D. mehrdad vanaki
DCLS / EMBA
Trainer & consultant QMS



WHY MIGHT COVID-19 TESTS FAIL?




preanalytical variables
N
covid 19
L_ab tests



PREANALYTICAL

e Lack of identification/misidentification

e I[nadequate procedures for specimen (e.g. swab) collection, handling,
transport

e Collection of inappropriate or inadequate material for quality or volume
e Presence of interfering substances
e Manual (pipetting) errors

e Sample contamination
e Testing in patients receiving antiretroviral therapy

G. Lippi, A.-M. Simundic, M. Plebani, Clinical Chemistry and Laboratory Medicine (CCLM). 1 (2020), doi:10.1515/cclm-2020-0285.
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Specimen Collection and Transport Devices

*In general, t

In molecular diagnostic tests
ne anticoaqulants EDTA and acid citrate dextrose

(ACD) should be used because they are most compatible

with molecu

ar methods.

* Heparin tubes should not be used for amplification
ethods because heparin is a potent inhibitor of
polymerase enzymes.

* Other specimens, such as tissues, urine, body fluids,and
stool, may be transported in clean containersto the

laboratory.

* Specimens In fixatives such as alcohols or formalin should

ne extracted as quickly as possible after receipt by the
aboratory. It can be more difficult to obtain good-quality
DNA from fixed tissues
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Extraction and Purification of Nucleic Acids

* Nucleic acid extraction and purification procedures
can be a source of errors in diagnostic testing.

* If intact nucleic acids are not isolated, false-negative
results can occur.

* In addition, the extraction and purification
procedures can be a source of interfering substances
if reagents such as phenol or alcohols are carried
over into the final eluted material containing the
target nucleic acid.



Extraction and Purification of Nucleic Acids

* Nucleic acid preparation methods are a critical component
of molecular testing because for most assays, high-quality
DNA or RNA is critical to assay performance; maintained
(especially important for RNA assays), and inhibitory
substances must be eliminated

* The quality of purified DNA and RNA, as well as the
concentration and purity, affect results of hybridization,
amplification, and detection methods. The target nucleic
acid must be intact, in a sufficient concentration to be
detected by the assay, and be free of inhibitory substances.



Inhibition iIn Amplification Assays

* Inhibition of amplification reactions is a well recognized phenomenon in
the diagnostic.

* Many substances from a variety of sources can inhibit PCR reactions.
Inhibitors can be present in the clinical specimen (e.g., hemoglobin
and.....) Hemoglobin is a potent inhibitor of PCR amplification
and a well-characterized inhibitor of the Taq polymerase

* Inhibitors are especially problematic in quantitative assays
because they may cause aberrant results (inaccurate
guantitation) or they may inhibit amplification altogether



Mechanisms by which Inhibitors Function

* There are several mechanisms by which inhibitors function, usually
targeting the enzymes involved in amplification or interfering with
binding of the enzyme to the target nucleic acid:

- 1. Blocking active site of enzymes: Some substances block active
sites of enzymes used in amplification reactions. Heme compounds
from blood function to inhibit Tag polymerase in this manner.

« 2. Inactivating enzymes: Inhibitors can also act by denaturing or
degrading the enzymes used in amplification (e.g., If proteinases are
present in the sample).

- 3. Binding target nucleic acids, preventing the target from being
accessible to primers or enzymes.

* 4. Binding divalent cations: Inhibition can occur when divalent
cations (Mg2+) necessary as co-factors for polymerase enzymes are
bound by EDTA.




TABLE 21.1 Common PCR Inhibitors

General Source Inhibitory Substance

Specimens Blood—hemoglobin, Ig(, lactoferrin
Blood—DNA binding proteins
Muscles—mvoglobin
Sputum”

Stool“—Dbile salts, complex
polvsaccharides
Tissues—melanin
Urine”—urea

Specimen collection tubes EDTA
Heparin

Nucleic acid extraction Detergents (Sarkosyl, SDS)
Proteinases

Protein disrupting agents
Guanidinium salts
Phenol

Alcohols

“For many complex clinical specimens, inhibitors have not been well-characterized.
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Analytical variables
IN
covid 19
_ab tests



POTENTIAL PREANALYTICAL AND ANALYTICAL VULNERABILITIES IN THE
LABORATORY DIAGNOSIS OF CORONAVIRUS DISEASE 2019 (COVID-19) USING
(REAL TIME) RT-PCR.

G. Lippi, A.-M. Simundic, M. Plebani, Clinical Chemistry and Laboratory Medicine (CCLM). 1 (2020), doi:10.1515/cclm-2020-0285.
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Verification Requirements

CAP treats EUA assays similar to FDA cleared assays

Test Method Verification (COM.40300/COM.40325)
« Analytical Interferences

* Precision

 Reportable Range

 Accuracy

© College of American Pathologists. 6




Precision

* Closeness of agreement between independent test measures
o “Reproducibility/repeatability”

« Typical sources of imprecision include differences in timing, temperature,
mixing, pipetting, etc.

Two aspects should be tested

* Intra-assay precision

o Measurements collected under very similar conditions (i.e. same run)

* Inter-assay precision
o Measurements collected under very different conditions (i.e. different operators, different instruments, different
days, etc.)

Ideal to test concentrations at or near the level of detection

26
December
2021

[{e )]

© College of American Pathologists.




Accuracy

« Extent to which a particular test is in agreement with a reference method or
comparator

o “Trueness”
* |deal “comparator”: Specimens from patients with known COVID-19
Infection (established through molecular testing)

o With the increasing prevalence of COVID-19 infections, most laboratories should be able to obtain
these

« Secondary “comparator”. Specimens with known positive and negative
antibody status tested using another validated/verified antibody test

© College of American Pathologists. December

o~



Determination of Accuracy

« Qualitative test data typically analyzed in a 2x2 table

Specimen
Reference Method
type
Positive Negative
Method being Positive True positives  False positives
evaluated
Negative False negatives  True negatives

Sensitivity: TP/(TP and FN) x100
Specificity: TN/(TN + FP) x100
Set goals for each prior to experiments (typically 95%)

© College of American Pathologists.

Laboratory
Determines:

-Reference method

-How many positive and
negative samples to
include

-Thresholds for
acceptable sensitivity
and specificity

26
December
2021
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Troubleshooting
Real time PCR curve & CT
PCR - covid 19

D. mehrdad vanaki
DCLS / EMBA
Trainer & consultant QMS



CORRESPONDENCE BETWEEN DEVELOPMENT OF VIRAL LOAD DURING SARS-
COV-2 INFECTION, CLINICAL COURSE AND POSITIVITY OF RRT-PCR ASSAYS

Symptom onset Symptom relief
Infection

rRT-PCR diagnostic
window

-
EY
=
O
(<}
v
o
|
=

rRT-PCR threshold

Days from symptom onset

False negative False negative

G. Lippi, A.-M. Simundic, M. Plebani, Clinical Chemistry and Laboratory Medicine (CCLM). 1 (2020), doi:10.1515/cclm-2020-0285.
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