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Point of Care Diagnosis of Infectious Diseases 



Microbial Diagnostics in Clinical Pathology  

• The clinical presentation of an infectious disease reflects 
the interaction between the host and the microorganism. 
 

• The identification of the microorganism requires the 
integration of: 

 
Direct Examination and Techniques: 
(Immunofluorescence, immuno-peroxidase staining, and 
other immunoassays may detect specific microbial 
antigens. Genetic probes identify genus- or species-
specific DNA or RNA sequences). 
Culture: (selective & non-selective media) 
Microbial Identification: (Colony and cellular 
morphology, growth characteristics under various 
conditions, utilization of carbohydrates and other 
substrates, enzymatic activity, immunoassays, and 
genetic probes). 
Serodiagnosis: A high or rising titer of specific IgG 
antibodies or the presence of specific IgM antibodies). 
Antimicrobial Susceptibility: 



Routine Clinical Microbiology/Pathology Detection of Microbial 
Pathogens 

Diagnostic tests play a major role in the clinical care of patients with infectious diseases, 
including detection of specific pathogens, discovery of new pathogens, determining 
appropriate therapy, monitoring response to therapy, assessing prognosis, and disease 
surveillance. 



Diagnostic Method Time Taken to Identify the 
Pathogen 

Traditional Microscopy Minutes 

Gram stain Minutes 

Culture & phenotypic biochemistry Days to weeks 

Antimicrobial susceptibility Days to weeks 

Acute and convalescent Ab Weeks 

Monoclonal Ab Hours 

Antigen detection Minutes to hours 

‘Omics-based Real-time PCR One to several hours 

Mass spectrometry Seconds to minutes 

Diagnostic Methods & Associated Time Required to Make a Diagnosis 



Source: National Cancer Institute 

Paradigm Shift in Diagnostics 



Bissonnette & Bergeron (2012) J. Pers. Med. 

Personalized medicine in infectious 
disease management. The 
implementation of rapid point-of-care 
(POC) microbiology shall decrease the 
length of the diagnostic cycle in order 
to accelerate infectious disease 

management. 



Multiplex Polymerase Chain Reaction (Multiplex PCR) 

Source: Modified from GenMark (USA) 

Multiplex-PCR uses several pairs of primers annealing to different target 
sequences. This permits the simultaneous analysis of multiple targets (different 
microbes) in a single sample. 

DNA is 
extracted 
from 
patients’ 
samples 

PCR is 
performed using 
multiple primers 
to detect 
different 
microbes 

Processing of 
amplified 
products for 
analysis 

Multiplex 
detection and 
results 
reporting 



Blood Culture Identification Panel 



Fournier et al. (2013) Nat Rev Microbiol. 

MALDI–TOF mass spectrometry (MS) allows the identification and antibiotic-
susceptibility testing of microbial pathogens in urine samples or cultivated on 
agar or in blood culture bottles.  

Application of MALDI-TOF Mass Spectrometry in the Clinical 
Microbiology Laboratory 



Samples from the gut, feces or saliva are assayed on solid media selective for axenic 

cultivation. Isolated microbial colonies are subjected to peptide extraction before MALDI-

TOF MS processing and species identification (ID) by peptide fingerprinting. 



Highly Sensitive Molecular Diagnosis of Bloodstream Infections Using 
PCR/ESI-MS 

Jordana-Lluch et al. (2014) BioMed Res International 

Microbial identification directly from clinical samples has been demonstrated by 
the electrospray ionization mass spectrometry of broad range PCR amplicons 
(PCR-ESI) 



Fluorescent in situ Hybridization (FISH) 

Source: Arvanitis et al. (2014) Clin. Microbiol. Rev. 

• FISH is frequently used to detect 
bacterial species in environmental and 
clinical samples  
 

• Species-specific probes that are 
complementary to unique target sites 
on the ribosomal RNA allows direct 
microscopic visualisation without prior 
amplification steps, even from blood 
culture smears for the rapid 
identification of pathogenic species 



In Situ Hybridization to Detect Burkholderia pseudomallei in Human Melioidosis Cases  
Lung Blood vessel 

Kidney Glomerulus Bone Marrow 

Eu et al (2014) Modern Pathology 27:657 



Array-based Diagnostics 

Microarray hybridization is considered to be a cost-effective platform with a good 
probability of success in multiparametric detection. 





The Need for Pathologists to Become Facile in Genomics  

• The first complete bacterial genome, Haemophilus 
influenzae strain Rd, was sequenced in 1995.  

• Sequencing technology has improved over the last 20 years 
whereby tens of genome sequences can be obtained within 
the space of a week at a relatively low cost. 

• The availability of these improved sequencing technologies 
provide pathologists, both in academic medical centers and 
community settings, a tremendous opportunity to perform 
infectious disease research, develop new clinical laboratory 
tests, and improve patient care.  

 



Bhattacharjee et al. (2014) Genet Med 

Workflow for Next-generation Sequencing (NGS)-based Diagnostic 
Testing 



Applications of Bacterial Genomics to the Management of Infectious 
Diseases 

• Facilitates new discoveries 
in molecular pathogenesis 
research 

• Population genetic structure of 
bacteria guides the investigation 
of epidemiology and virulence  

• Crucial to investigate infectious 
disease outbreaks  

• Generates new insight to intra-
host variation, strain virulence 
and therapeutic design  

• Uncovers new antibiotic-
resistance mechanisms  

• Development of molecular 
diagnostic tests 

• Identification of new pathogens 
that cause human disease  

 





Genome-based Diagnosis of Infectious Agents 

Caboche et al. (2014) Pathogens 

• HTS in a culture-independent 
strategy leads to a better 
genotyping resolution and 
detection of virulence and drug-
resistance genes 

• Culture-independent strategies 
have been used more and more, 
benefiting from the increasing 
throughput of sequencing 
platforms to avoid the microbial 
culture and isolation steps. 



How Will Next-generation Sequencing Change Clinical Microbiology? 

• Development of new and improved pathogen-specific or syndrome-based single or 
multiplexed RT-PCR assays  

• Aid the refinement of DNA targets, primers and probes used in existing tests  

• Increase in speed, decreasing costs and discriminatory power of NGS make it an ideal tool 
for routine use in diagnostic microbiology laboratories 

• Replace several existing tests performed on the same isolate, notably identification of 
antibiotic-resistance mechanisms, virulence determinants and genotype, particularly for 
microorganisms that are difficult to grow 

• To decipher complex microbiotas in various metagenomic studies - detect co-infections, but 

also uncover unexpected or new pathogens  
Challenges 

 
• A facilitated and rapid access of clinical microbiology laboratories to sequencing platforms 

• A need for standardized and fully automated sequence interpretation that would ideally be 
independent of both the sequencing platform and the exact species of microorganism 

• The ability to translate the data into relevant information enabling microbiologists, 
clinicians and public-health epidemiologists to implement control measures in real-time and 

alter the course of outbreaks.  



New Methods in the Workflow of Clinical Microbiology Laboratories 

Source: Fournier et al. (2013) Nat Rev Microbiol. 

• Sampling is carried out using 
syndrome- and disease-based 
sampling kits, and the resulting 
specimens are tested using 
point-of-care assays, when 
available.  
 

• Culturing, strain 
characterization and molecular 
detection in clinical samples are 
carried out in the core 
laboratory.  
 

• Unusual pathogens, are 
reported to the physician in 
charge and are further 
characterized by genome 
sequencing or mass 
spectrometry. 



Compare and Contrast Between Culture and Molecular Based Methods 

Dolinger & Jacobs (2011)  Labmedicine 

Culture 

Pros 

• High specificity 
• Isolates can be tested for specific antibiotics 

sensitivity/resistance levels 
• Allows for biochemical characterization of 

phenotype 
• Inexpensive 
• Minimal equipment requirement 
• Allows for visual inspection of colony 

morphology 
 

Cons 

• Low sensitivity 
• Non-detection of non-viable or unculturable 

microbes 
• Biochemical phenotype not in agreement 
• Long wait for the results 
• Potential biosafety concerns 

 



Compare and Contrast Between Culture and Molecular Based Methods 

Dolinger & Jacobs (2011)  Labmedicine 

Culture Molecular 

Pros 

• High specificity 
• Isolates can be tested for specific antibiotics 

sensitivity/resistance levels 
• Allows for biochemical characterization of 

phenotype 
• Inexpensive 
• Minimal equipment requirement 
• Allows for visual inspection of colony 

morphology 
 

• High sensitivity 
• High Specificity 
• Rapid turnaround 
• Detects non-viable microbes 
• Allows for high resolution analysis of isolates 
• Allows for the identification of resistance 

markers without isolation or culturing 
• Minimizes safety concerns 

Cons 

• Low sensitivity 
• Non-detection of non-viable or unculturable 

microbes 
• Biochemical phenotype not in agreement 
• Long wait for the results 
• Potential biosafety concerns 

• Potential for false positives due to cross-
reactivity with closely related organisms 

• Potential  for false-negative due to inhibition or 
due to genetic drift of the target organisms 

• Requires specialized equipment 
• Requires additional training 
• Required assays may not be commercially 

available 



Shields & Dhabale (2014) Global DNA Diagnostics Market 

• The current market for infectious diseases POC testing is dominated by rapid 
microscopy or immunological diagnostic tests that can be realized outside clinical 
laboratories, but often lack in sensitivity and/or specificity. 

• Many nucleic acid-based tests have been approved for clinical diagnostics by the FDA 
after the demonstration of their equivalence to and/or superiority over gold standard 
methods, with respect to analytical performance (sensitivity and specificity) and 
predictive values 



ASSURED 



Diagnostic Methods 





Malaria Laboratory Diagnosis 

• Thick and thin film blood smear – Gold standard 

 

 

 

 

 

• Antigen detection by rapid dipstick immunochromatographic 
assays 

– Histidine-rich protein-2: P. falciparum 
– Parasite-specific LDH: All Plasmodium spp. 

•  PCR technique 



Schematic of the Lateral Flow Strip Chip to Diagnose Malaria 



Vapour nanobubble 

technology 



Two tests used to 
determine if a person has 
been infected with TB 
bacteria: the tuberculin 
skin test and TB blood 
tests. 

Tuberculosis Laboratory Diagnosis 





• The MTB/RIF is a cartridge-based, automated diagnostic test to identify 
Mycobacterium tuberculosis DNA and resistance to rifampicin by Nucleic Acid 
Amplification Technique (NAAT) 
 

• The MTB/RIF detects DNA sequences specific for Mycobacterium tuberculosis and 
rifampicin resistance by PCR 

 

The process 
identifies all the 
clinically relevant 
Rifampicin resistance 
inducing mutations 
in the RNA 
polymerase beta 
(rpoB) gene in the M. 
tuberculosis genome 
in a real time format 
using fluorescent 
probes called 
molecular beacons. 

Nucleic Acid Amplification Technique  

DNA isolation Real time detection Sample concentration 



Miniaturization & Lab-on-a-Chip  



Nano Sensor for Diagnosis of TB 



Conclusion 



• New and advanced methods of molecular diagnostics are changing 
the way clinical microbiology and medicine are practiced.  
 

• Signal amplification and real-time nucleic acid amplification 
technologies offer a sensitive and specific result with a more rapid 
turnaround time than has ever before been possible.  
 

• Numerous methods of post-amplification analysis afford the 
simultaneous detection and differentiation of numerous microbial 
pathogens, their mechanisms of resistance, and the construction of 
disease-specific assays.  
 

• One of the most attractive uses for such techniques is to achieve a 
more rapid characterization of the infectious agent so that a 
narrower-spectrum antimicrobial agent may be used, which should 
have an impact on resistance patterns. 

Conclusion 


