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form of mass spectrometry, PCR plus electron spray ionization mass (PCR/ESI-MS) has been 
applied for detection of MRSA strains (target genes: mecA, mecR1, nuc; Wolk et al; JCM 
47:3129) and fluoroquinolone resistant mutations in Acinetobacter spp. strains (target genes: 
gyrA, parC; Hujer, JCM 47:1436). These mass spectrometry methods hold great promise as they 
are rapid, require minimal sample preparation and are “reagent less” detection methods.

Next-generation nucleic acid sequencing (Next-Gen Sequencing) facilitates comprehensive 
highly sensitive interrogation of large quantities of nucleic acid. Also referred to as “massive 
parallel sequencing”, these newer sequencing platforms now permit detection of minority drug-
resistant HIV-1 variants; i.e., populations <20% of current sequencing detection methods.  
However, the clinical significance of these low frequency variants remains uncertain (Johnson 
and Geretti: J Antimicrob Chemother 65: 1322). As more antiviral therapies become available 
for the hepatitis and herpes viruses, determination of low frequency drug-resistant variants 
may also be useful. Next-Gen sequencing also has the potential for determining the micro-
environment of (i.e., microbiome) within normally colonized areas of the human body, e.g., 
vagina. A change in the microbiome may serve as a sentinel for various disease states, e.g., 
vaginosis. Also Next-Gen sequencing has the potential to detect and quantitate organisms 
directly from specimens. Future studies are required to determine the utility of these potential 
applications. 

Advanced Technologies to identify pathogens
What’s new?

One of the traditional limitations of diagnostic microbiology in the effective management of 
infection has been the time taken to culture and identify pathogens from clinical specimens. 
This is particularly true for the management of sepsis, infective endocarditis and meningitis, 
and in the timely application of infection control measures for patients carrying multi resistant 
organisms. In addition, some fastidious organisms have been difficult or impossible to culture 
making diagnosis only possible by serology or histopathology. Advances have been made by use 
of semi-automated platforms but organism growth and biochemical identification tests remain 
the basis for these technologies.

Technological developments however have significantly changed with the capability now of 
applying molecular techniques to provide diagnostic answers in hours rather than days. Also 
these techniques allow identification of those organisms previously non-cultivable. What has 
led to this paradigm shift in diagnostic microbiology? Microbial genome sequencing and 
technologies such as PCR have facilitated this revolution.
It is not possible to discuss all the new technologies and the potential afforded by new 
generation pyrosequencing. An overview of current techniques with established applications 
will be presented with an in depth look at techniques employed in my own laboratory.

Rapid diagnosis is paramount for certain infections. It is well recognised that the mortality 
from blood stream infection is dependent on the time to effective therapy. The use of broad 
spectrum empirical therapy in part overcomes the need for rapid identification however this 
has the potential to drive antimicrobial resistance selection and no matter how broad the 
spectrum of a drug not all organisms will be susceptible. There are two strategies employed 
by new technologies for the identification of pathogens causing blood stream infection. The 
first aims to detect the causative organism direct from blood or serum. The second identifies 
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the organism once the blood culture shows growth. Techniques employed directly on blood 
require a nucleic acid (NA) amplification step followed by 1) specific pathogen identification 
using PCR, fluorosecent in situ hydridisation (FISH) or hybridisation probes, ii) broad range 
PCR on bacterial 16S/23S rRNA or 16S/28S rRNA of fungi followed by sequencing of the 
product or lastly iii) multiplex PCR. Broad range amplification is currently being investigated 
in my institution with some preliminary results available. Sensitivity appears to be the primary 
limitation as the bacterial load in blood stream infection can be low. An alternative to in-house 
methods is the commercial product Lightcycler Septifast which has three parallel amplification 
steps for Gram negative, Gram positive and fungal organisms. Once a blood culture flags 
positive there are a number of new technologies to identify the pathogen present. Microarray 
methods show promise with both in-house and commercial systems being developed. Specific 
pathogen identification techniques are also available – for example the commercial products for 
the identification of Staphylococcus spp. 
Identification of pathogens once cultured from a specimen (blood culture or other) has been 
changed dramatically by proteomics. Although the initial expenditure on equipment is high the 
running costs are extremely low facilitating not only rapid results but also reduced requirements 
for labour – an increasing problem in a time of economic rationalism. Matrix Assisted Laser 
Desorption-Ionisation Time of Flight (MALDI-TOF) mass spectrometry technology is an 
exciting addition to the diagnostic laboratory. The mass spectrometry database of organisms is 
extensive allowing identification of a large number of pathogens within less than 2 hours. Two 
commercial systems are available. Another approach, is sequencing identification, particularly 
for Gram positive rods and fungi. This is an established technique in our institution
Processing infection control specimens is an integral part of the service of a diagnostic 
laboratory. Again rapid results are paramount to prevent transmission of multi resistant 
organisms. Rapid detection of organisms such as MRSA, VRE and C. difficile is now possible 
with a number of in-house and commercial systems. MRSA and VRE are not endemic in the 
Royal Perth Hospital due to an extensive infection control program, a part of which is dependent 
on the use of commercial rapid MRSA detection and in house VRE detection. Microarray 
analysis of MRSA to establish clonal identity is also currently part of the infection control 
strategy.
Identification of fastidious, non-cultivable organisms or from specimens in the presence of 
antimicrobial agents is another area of application of broad range PCR and sequencing.

It is an exciting time in diagnostic microbiology. Molecular technologies are continuing 
to expand our capabilities and contribute to making the discipline relevant in the real time 
management of infections, antimicrobial chemotherapy and management of multi-resistant 
organisms in our hospitals.
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the organism once the blood culture shows growth. Techniques employed directly on blood 
require a nucleic acid (NA) amplification step followed by 1) specific pathogen identification 
using PCR, fluorosecent in situ hydridisation (FISH) or hybridisation probes, ii) broad range 
PCR on bacterial 16S/23S rRNA or 16S/28S rRNA of fungi followed by sequencing of the 
product or lastly iii) multiplex PCR. Broad range amplification is currently being investigated 
in my institution with some preliminary results available. Sensitivity appears to be the primary 
limitation as the bacterial load in blood stream infection can be low. An alternative to in-house 
methods is the commercial product Lightcycler Septifast which has three parallel amplification 
steps for Gram negative, Gram positive and fungal organisms. Once a blood culture flags 
positive there are a number of new technologies to identify the pathogen present. Microarray 
methods show promise with both in-house and commercial systems being developed. Specific 
pathogen identification techniques are also available – for example the commercial products for 
the identification of Staphylococcus spp. 
Identification of pathogens once cultured from a specimen (blood culture or other) has been 
changed dramatically by proteomics. Although the initial expenditure on equipment is high the 
running costs are extremely low facilitating not only rapid results but also reduced requirements 
for labour – an increasing problem in a time of economic rationalism. Matrix Assisted Laser 
Desorption-Ionisation Time of Flight (MALDI-TOF) mass spectrometry technology is an 
exciting addition to the diagnostic laboratory. The mass spectrometry database of organisms is 
extensive allowing identification of a large number of pathogens within less than 2 hours. Two 
commercial systems are available. Another approach, is sequencing identification, particularly 
for Gram positive rods and fungi. This is an established technique in our institution
Processing infection control specimens is an integral part of the service of a diagnostic 
laboratory. Again rapid results are paramount to prevent transmission of multi resistant 
organisms. Rapid detection of organisms such as MRSA, VRE and C. difficile is now possible 
with a number of in-house and commercial systems. MRSA and VRE are not endemic in the 
Royal Perth Hospital due to an extensive infection control program, a part of which is dependent 
on the use of commercial rapid MRSA detection and in house VRE detection. Microarray 
analysis of MRSA to establish clonal identity is also currently part of the infection control 
strategy.
Identification of fastidious, non-cultivable organisms or from specimens in the presence of 
antimicrobial agents is another area of application of broad range PCR and sequencing.

It is an exciting time in diagnostic microbiology. Molecular technologies are continuing 
to expand our capabilities and contribute to making the discipline relevant in the real time 
management of infections, antimicrobial chemotherapy and management of multi-resistant 
organisms in our hospitals.


