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Diagnosis

IDD
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Diagnostic […] will be particularly useful among

experimental scientists in a variety of disciplines, including

public health microbiologists, industrial research

microbiologists, academic scientists, and all others who

may need to establish the presence or absence of bacteria

and/or their identities.

Howard & Whitcombe, 1995
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 The concept of identification / diagnosis / detection

 Methods used in the diagnosis of microorganisms

 Validation of the molecular diagnosis methods

 The diagnostic methods applied to clinical, food

and environmental samples

Diagnosis
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In Tang & Persing, 2000

Methods Used for Microorganisms Diagnosis

Advantages Disadvantages
Result 

interpretation

Turnaround 

time
Ease of performanceTest

Direct 

examination

Culture

Serology

Molecular 

diagnostics
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Diagnostic Principles

o DNA probe technologies

o Amplification methods

o Nucleic acid sequencing strategies

o “New” approaches to detection of nucleic

amplification products (e.g. biochips)

Molecular Diagnostic
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Diagnostic Applications

o detect and characterize bacterial, viral, fungal, and parasitic pathogens

o identification of organisms isolated in pure culture

o rapid identification of organisms in “mixed” samples

o identification of slowly growing, fastidious or uncultivable organisms

o screening sterile samples for non-specific bacterial contamination

 laboratory standardization

 proficiency testing

 quality control

Molecular Diagnostic
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Bacterial sensing for the purpose of diagnosis can function in three ways:

 bacterial morphological visualization

 whole cell detection

 specific detection of bacterial component

Gopinath et al., 2014
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• Biosensors are analytical devices that transform the biological response into a measurable signal

by incorporating biorecognition element with a physical transducer.

• The resulted signal is converted into measurable signals by signal detection process.

SPR surface plasma resonance.
In Saravanan et al., 2021

Biosensors for the detection of foodborne pathogens
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A multipurpose biochip for food pathogen detection

Biochips that are able to quantitatively detect

Listeria monocytogenes and Staphylococcus aureus
Primiceri et al., 2016
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Culture-Independent Rapid Detection Methods for Bacterial Pathogens and Toxins in Food Matrices

Wang & Salazar, 2016
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Simplified flowchart of culture methods vs. PCR detection

Detection and 

identification of 

bacterial intestinal 

pathogens in 

faeces and food

In Abubakar et al., 2007

GP: microbiologists 

and consultants in 

communicable 

disease control
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Biosensors based on modularly designed synthetic peptides

for recognition, detection and live/dead differentiation

of pathogenic bacteria

• Engineered antimicrobial peptides (sAMP) are used as synthetic receptors for 
bacteria.

• sAMP enables detection and live/dead differentiation of bacterial pathogens.

• An impedimetric biosensor based on site-specifically attached sAMP is described.

• Detection limit of 102 CFU/mL bacteria is demonstrated.

Liu et al., 2016
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In Efstratiou et al., 1998

but failed to express a

toxin genes

biologically active toxin

Diphtheria toxin (DT), the main virulence factor

produced by organism Corynebacterium diphtheriae,

is a protein molecule with a molecular mass of 58,350 Da

55 26 26 26 26 26 32 30

Some isolates of C. diphtheriae possessed

24 2218 18181818

exclusion of toxigenicity

0 000000
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Investigative mainly used for limited period

by a few technicians

for a specific research project

Harmonization

process of synchronizing various test strategies and protocols

Standardization

development of a single ‘‘gold standard’’ PCR protocol adopted

in practice by all parties, and fulfilling all their requirements

standard guidelines

Diagnostic       has to perform reliably and consistently

day after day

in the hands of different staff 

on different samples

PCR
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First phase is the assay development

Second phase is the validation

1 - once an appropriate target is selected

2 - primers and probes can be designed

3 - after appropriate target is established

4 - after detailed in silico analysis has been performed

to verify that the target is specific to the pathogen or gene of interest

5 - analytical sensitivity and specificity must be determined

Implementation of a molecular assay in the

clinical microbiology laboratory 
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Reproducibility (precision)

agreement among results of samples tested

in different laboratories

Repeatability  CVs for replicates ≤ 10%

Reproducibility  regression analysis of normalized data 

among laboratories generally should not give significant

differences at the 95% confidence level

Repeatability

repeat (replicate) 10% assays

Repeatability and reproducibility

QT
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accuracy and precision

A - imprecise and inaccurate

B - precise but inaccurate

C - accurate but imprecise

D - precise and accurate

A B C D
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In Malorny et al., 2003

Standardization of diagnostic PCR

for detection of foodborne pathogens
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Microorganisms isolation vs. direct detection in mixed samples

PCR amplification – “single” molecular marker

PCR amplification products obtained 

from each species-specific primer set
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In Waage et al., 1999

Nested PCR amplification products 

obtained by lysed bacterial cultures

In Lee et al., 2000

A BLeuconostoc spp. Salmonella spp. 
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NF-NR: universal primers for bacteria: 1025 bp

P2F-NR: specific primers for bacteria G+: 355 bp

NF-N6R: specific primers for bacteria G-: 985 bp

Detection threshold - Evaluating primers sensitivity
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1st PCR

Sensitivity

DNA of
S. schenckii

Nested PCR
Sporothrix schenckii detection

DNA from 12 clinical samples

1 to 18: DNA from fungi, bacteria, 

mycobacterium and human skin 

Specificity

2 and 13
S. schenckii

In Hu et al., 2003

152 bp

305 bp
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Microorganism 
Presence

A : True (+)

A+

-

+ -

Methods Results

B
B : False (-)

D D : True (-)C

C : False (+)

Sensitivity = A/(A + B) x 100%

False (-) = 1 - Sensitivity

Se

Specificity = D/(C + D) x 100%

False (+) = 1 - Specificity

Sp

Molecular diagnosis: method evaluation

PV (+) = A/(A + C) x 100% PV (-) = D/(B + D) x 100%

PV-PV+

PV = Predictive Value
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In National COVID Testing Scientific Advisory Panel, 2020
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Reasons for Obtaining False-Positive and False-Negative Results

in Molecular Diagnostic Assays

In Millar & Moore, 2004
DNA amplification from dead organisms

 diagnostically correct as positive

 clinically as false-positive
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Test controls 

necessary for 

performance of 

diagnostic PCR

In Malorny et al., 2003

Internal

Positive

Negative

No-template

Premise

Standard []



Mestrado em Microbiologia Aplicada – Identificação, Diferenciação e Diagnóstico em Microbiologia L. Chambel  – 2020/21 

3 = 2 purified 4 = 2 diluted

+ +

Coamplification of Leishmania DNA 

from clinical samples and one positive 

control (540 bp)

+ -

Signal of PCR GBS-specific = 153 bp

Internal control = 252 bp

GBS = “group B streptococci” or Streptococcus agalactiae

C- GBS C-

10 and 11 = positive samples 

Adapted from Marfurt

et al., 2003

In Ke et al., 2000

++
1 2 3 4 5

2 - PCR inibition
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Multiplex PCR assay results of the 26 toxic isolates

The amplification of a cyanobacterial 16S rDNA gene fragment was also included as a PCR internal control

Multiplex PCR for detection of microcystins-producing

cyanobacteria from freshwater samples

Multiplex PCR assay for the simultaneous

amplification of mcyA-cd, mcyAB and mcyB in 

21 non-toxic isolates

In Valério, 2008

IC

IC
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Lateral flow immunoassay for detection of anti-SARS-CoV-2 antibodies.

• Samples move via capillary flow on the nitrocellulose membrane.

• When anti-SARS-CoV-2 antibodies are present, they bind to the labeled antigen and

continue to move until they are captured by the immobilized antihuman antibodies.

• The presence of the captured antibody−antigen complex is visualized as a colored test band.

• The labeled control antibodies comigrate until they are captured at the control band.

Carter et al., 2020
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Reliability of mcy-based PCR methods tested for diagnosis

of microcystin-producing isolates

HPLC analysis of microcystins was used as the "gold standard"

In Valério, 2008
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An integrated approach to establishment of diagnostic PCR

In Hoorfar et al., 2004

Validation

demonstrating that the

new method can generate 

results that are comparable

- if not better - to those 

obtained by the current 

reference method
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PCR Workflow

The workflow needs to be well defined and procedures

to prevent contamination must be strictly followed

PCR mastermix reaction setup only2

The specimen nucleic acid is added to the PCR mastermix3

4 Positive control material is added

5 PCR instruments

Nucleic acid extraction and specimen processing1
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Are Molecular Tools Solving the Challenges Posed by

Detection of Plant Pathogenic Bacteria and Viruses?

Comparison of sensitivity, specificity, feasibility, rapidness and cost

of different techniques in detection of plant pathogenic bacteria and viruses

In López et al., 2009
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Advantages and disadvantages of detection methods

Saravanan et al., 2021
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Definition of terms used in validation of PCR testing

In
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