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Phenotypic virology methods 



Molecular viral diagnosis 

• Sensitive, specific, rapid detection 

• Monitor antiviral therapy (viral loads) 

• Distinguish active from latent infection 

(e.g. herpes virus family) 

• Directly determine drug resistance 

genotypes (HIV, herpes simplex, 

cytomegalovirus) 

 



Phenotypic bacteriological methods 



Molecular bacterial diagnosis 

Rapid quantitative detection of pathogens 

that are non-cultivatable or fastidious, slow 

growing organisms or indistinguishable 

from normal flora 

Genotypic identification of bacteria/fungi for 

speciation or epidemiological typing 

Detection of virulence or antibiotic genetic 

determinants 



Molecular Approaches 

1. Nucleic acid extraction (RNA or DNA)             

+/- reverse transcriptase process (viral RNA -> 

cDNA) 

2. +/-  nucleic acid amplication (duplication) (e.g. 

Polymerase chain reaction (PCR) 

3. Detection of the nucleic acid product by-  

– agarose gel electrophoresis 

– nucleic acid probes  

– real-time assays 

– sequencing 



1. Nucleic acid extraction 

• Breaking open the cell/ nucleus 

 

• Separation/ purification (DNA or RNA) 

– ethanol precipitation 

– spin columns 

• +/- Assay  



2. Amplification (PCR- 

nucleic acid amplification 



Constituents of PCR 

 

 



Polymerase 

chain reaction 

Mullis-K 1985 
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https://www.youtube.com/watch?v

=JRAA4C2OPwg  

https://www.youtube.com/watch?v=JRAA4C2OPwg
https://www.youtube.com/watch?v=JRAA4C2OPwg


3. Detection of product  

 

The old 

way…  



‘Real-time’ 

detection 

‘Taqman’ 

probe 

https://www.youtube.com/watch?v=edJEY5g4X8k   

https://www.youtube.com/watch?v=edJEY5g4X8k






Example 1:   

Detection of pathogens 

 

• Clinical  

• Culture 

• Serology 

 

• PCR   

Bordetella pertussis growing on charcoal medium 



In-house pertussis real-time assay 

example 

• Simple extraction 

• Target – Insertion sequence (IS) 481 (B. pertussis, 

B. holmesii multiplexed with IS 1001 (B. 

parapertussis) 

• Same day result 

• Internal amplification control to ensure: 

– human sample present – a conserved human gene 

sequence is selected 

– Confirms that no inhibition of PCR reaction has 

occurred 



PCR assay design:  

a) software selects the 

sequence to amplify 

(81 letters)  

b) Target sequence 

checked for specificity 

against GENBANK 

(via web tool called 

BLASTN- right) 



Pertussis assay validation 

• Sensitivity: culture assay with dilution series :  

estimated < 10 bacteria for a positive result  

• Specificity: assay tested against many other 

potential species that might be encountered in resp 

samples – e.g.  

– B. pertussis isolates (15) 

– B. parapertussis (1+) 

– B. bronchiseptica 

– B. holmesii  

– Other bacteria and viruses that may be encountered 



Mellors et al 1998 Scientific American 

Survival at 10 years: 1,604 untreated HIV-infected men 

Example 2: 

Quantification 

and 

genotyping 



HIV management example 
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HIV resistance genotyping 

by sequencing 



Multiple probe assays - 

> 50000 unique probes 

on a small slide- can 

detect all relevant drug 

resistance mutations in 

one reaction 



Example 3: 16S ribosomal RNA 

amplification and sequencing 



VK, 66 yr female 

• Ill for 3 months with high swinging fevers 

• steady weight loss over same period 

• change in bowel habit to 4-5 loose 

stools/day from 2/d. No blood. 

• No abdominal pain or arthritis. No other 

symptoms. 

• Examination normal 



VK (2) Investigations  

• ESR 100, CRP 137,  Hb 101(NN), plt 524 

• Gallium and white cell scan normal 

• upper and lower endoscopies 

macroscopically normal ….. 

 

 

 

 



EM x 33,000 and PAS x400 

- PAS positive inclusions 

 



Relman et al.  

NEJM 1992:327, 

293-301. 

16-S sequencing- PCR primers match conserved 

regions and flank variable regions that have signature 

sequences that can identify the bacterial species by 

comparison with a known database of sequences 

(GENBANK) 



16S-rRNA sequencing for 

bacterial identification 



Trophyrema 

whipellii – 

identified 

originally 

only by 

sequencing  



Other applications of  

16-s rRNA sequencing 

• Identification of unusual bacteria and new 
species 

• Mycobacterial identification 

• Fungal identification (18-s rRNA) 

• Taxonomic studies 

• Rapid detection of multiple bacterial 
pathogens in blood, tissue or normally 
sterile fluids – “next generation sequencing” 
used for this 



J Vasc Surg. 2006 Nov;44(5):1055-60. 

Bacterial diversity in aortic aneurysms determined by 16S 

ribosomal RNA gene analysis. 

 
Marques da Silva R, Caugant DA, Eribe ER, Aas JA, Lingaas PS, Geiran O, Tronstad L, Olsen I. 

BACKGROUND: Aortic aneurysms are common vascular conditions that cause considerable morbidity and mortality. 
Understanding of the mechanisms involved in the pathogenesis of the condition remains limited. Recently, 
infection has been suggested as possible contributor in the development of the disease. The aim of the present 
study was to examine aortic aneurysms for the presence of bacterial DNA using polymerase chain reaction (PCR) 
targeting the 16S ribosomal RNA (rRNA) gene, followed by cloning and sequencing. METHODS: Universal 
eubacterial primers were used to amplify 16S rRNA bacterial genes in 10 specimens from arterial walls of aortic 
aneurysms. Subsequently, PCR amplicons were cloned into Escherichia coli and sequencing of the cloned inserts 
was used to determine species identity or closest relatives by comparison with known sequences in GenBank.  

RESULTS: Sequences of Stenotrophomonas spp., including S. maltophilia (formerly Pseudomonas homology group V) 
were detected in six aneurysm samples. Propionibacterium acnes was identified in five samples, and 
Brevundimonas diminuta (formerly P. diminuta) in four samples. Other species previously assigned to the 
Pseudomonas genus such as Comamonas testosteroni, Delftia acidovorans, Burkholderia cepacia, Herbaspirillum 
sp., and Acidovorax sp. were also detected. Some clones fell into other environmental species, including 
Methylobacterium sp. and Bradyrhizobium elkanii, and others represented bacteria that have not yet been 
cultivated. DNA sequences from oral bacteria, including Streptococcus sanguinis, Tannerella forsythia, and 
Leptotrichia buccalis were detected. Sequences from Prevotella melaninogenica and Lactobacillus delbrueckii, 
which are commonly found in both mouth and gastrointestinal tract, were also detected. Additional species 
included Dermacoccus spp. and Corynebacterium vitaeruminis.  

CONCLUSIONS: A wide variety of bacteria, including oral bacteria, was found to colonize aortic aneurysms and may 
play a role in their development. Several of these microorganisms have not yet been cultivated. CLINICAL 
RELEVANCE: Although Chlamydophila pneumoniae has been detected in aneurysmal walls, its exact role in the 
condition remains inconclusive. Overall, there is scarce information about the role of microorganisms in 
aneurysmal disease. In the present study, we used molecular genetics to detect a diversity of bacteria in arterial 
walls of aortic aneurysms. The presence of multiple microorganisms in aneurysmal disease may have implications 
for chemoprophylaxis and antibiotic treatment if directed only at C.pneumoniae. 
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Sarah Walker, ECCMID 2013 



 



 



 



 



Example 4: Quantification to 

distinguish latent infection from 

significant reactivation 

 

 

 



Example 4: Quantification to 

distinguish latent infection from 

significant reactivation 

 

 

 



1 in 10 dilution series : read threshold 

cycle number by where the plot 

crosses the solid horizontal line 



Calibration curve 

created – can be 

used to correlate 

quantify with 

threshold cycle 

number 



Utility of quantification  

• Cytomegalovirus 

– early diagnosis of CMV disease (plasma) 

• Ebstein-barr virus 

– diagnosis of lymphoproliferative syndromes 

associated with immunosuppression 

• Disease pathogenesis 



The study of the human 

“microbiome” 

Relman and Falkow (2001) called for a “second 
human genome project” that “would entail a 
comprehensive inventory of microbial genes and 
genomes at the four major sites of microbial 
colonization in the human body: mouth, gut, 
vagina, and skin.”  

This approach, coupled with a “study of host 
genome-wide expression analysis,” would yield 
major “insights into the role of the endogenous 
flora in health and disease.”  



Microbiome (2) 

• Total microbial cells found in association with humans 
may exceed the total number of cells making up the human 
body by a factor of ten-to-one. The total number of genes 
associated with the human microbiome could exceed the 
total number of human genes by a factor of 100-to-one.  

• 20% to 60% of the human-associated microbiome, 
depending on body site, is uncultivable. Rapid gene 
sequencing technologies enable description of the total 
spectrum of genomes. 

• The NIH Human Microbiome Project 
– Studies of microbiomes in inflam bowel disease, obesity, skin with 

different diseases etc.  

– Cross species comparisons of gut microbiomes 

– Studies of ‘viromes’ in children  

http://en.wikipedia.org/wiki/Cell_(biology)
http://en.wikipedia.org/wiki/Human_body
http://en.wikipedia.org/wiki/Human_body
http://en.wikipedia.org/wiki/Organism
http://en.wikipedia.org/wiki/Organism
http://en.wikipedia.org/wiki/Organism
http://en.wikipedia.org/wiki/Organism
http://en.wikipedia.org/wiki/Organism


 Unique 

distribution 

patterns for 

key bacterial 

genera 

http://upload.wikimedia.org/wikipedia/en/0/0a/Skin_Microbiome20169-300.jpg


Two approaches 

Phenotypic approach 

• biological 

amplification 

• slow 

• definitive 

identification 

sometimes impossible 

• not feasible for many 

pathogens 

Molecular approaches 

• nucleic acid 

amplification and  

sequencing 

• rapid 

• sensitive 

• specific 

 



Molecular diagnosis: the flip side 

False positives 

• Contamination  

• Cross-reaction  

• Poor assay design 

 

Assay sensitivity issue 

• Detection of NA from 

dead micro-organisms 

• Chronic viral 

infections 

False negatives 

• NAA inhibitors 

• sample error during 

extraction 

• wrong organism 

sought 

 



Thank 

you! 


