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Infectious Diseases

Real-time polymerase chain reaction (PCR) is a molecular
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fluorescence signal), the sample is considered positive for the
target.
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Quantitative polymerase chain reaction (qPCR): qPCR is a modified real-time PCR technique and is used to simultaneously detect and
estimate the copy number (amount) of a specific DNA or RNA sequence in a sample relative to a standard curve. Cycle Threshold (Ct) is
defined as the number of cycles required for the fluorescent signal to cross the threshold. The threshold is set to be above the baseline but
sufficiently low to be within the exponential growth region of an amplification curve to ensure all reagents are still in excess. The Ct value of
each qPCR reaction depends on the initial template amount (copy number) of the target sequence, and it is inversely proportional to the log
of this copy number. The Ct values of serially diluted standards of known concentrations can be plotted to generate a standard curve, which
produces a linear relationship between Ct and initial amounts of total RNA or DNA, allowing for the determination of the concentration of
unknowns based on their Ct values. As a note, most infectious disease molecular assays are qualitative, not quantitative.
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Other Common Molecular Techniques:

Transcription mediated amplification (TMA): Like PCR, TMA involves amplification of a target sequence. However, TMA uses
the enzymes RNA polymerase and reverse transcriptase to amplify either target RNA or DNA and to generate an amplified RNA
product. TMA is an isothermal, single-tube system that enables quick, sensitive, simultaneous detection of multiple pathogenic
organisms in a single tube.

Fluorescent in situ hybridization (FISH): Fluorescently labeled probe oligonucleotides are used to detect specific regions of
DNA/RNA for desired target microbes or resistance genes, with or without amplification. This approach is most commonly used
for positive blood cultures speciation and resistance gene detection.

Sanger sequencing: Sanger sequencing is applied in infectious disease diagnostics for the identification of bacteria and fungi.
Primers targeting well-conserved regions of the bacterial or fungal ribosome are used to amplify regions that are hypervariable
and thus can be used to identify the genus or species, depending on the primer set and organism. For bacteria, this is usually a
portion of the 16S gene. For fungi, this may be the 18S and internal transcribed spacer (ITS) regions or part of the 28S ribosome.
Commercial and public databases are available for sequence analysis. This technology is less utilized in the clinical laboratory as
next-generation sequencing (NGS) becomes more accessible.

Next-generation sequencing (NGS): NGS is a well-established technique in genomics and molecular pathology laboratories but
is relatively new for clinical applications in infectious disease. There are two main categories of NGS approaches in infectious
diseases: shotgun metagenomic sequencing and targeted sequencing, both displayed in Figure 2. Reads of potential pathogens
can often be challenging to interpret as they may represent contamination or colonization. In addition, a high amount of human
DNA in a sample can dilute pathogen reads, although commercial kits do exist to reduce the number of human reads.
Pathogens present at low abundance, especially those with closely related non-pathogenic species, can be particularly difficult
to resolve due to limited read counts or the low taxonomic resolution of certain targeted regions. Further, bioinformatic
pipelines used for metagenomic analyses can be highly laboratory specific. Commercial options exist, but the in-house expertise
needed can still present a barrier to implementation in many laboratories. At present, only a handful of clinical laboratories
offer such testing due to the extensive validation requirements. Data are constantly accumulating to establish the clinical utility
of NGS.

Shotgun NGS: Shotgun metagenomics is the analysis of total RNA and/or DNA in a sample to identify any potential pathogen.
Sequences are binned into categories of viral, bacterial, fungal, or parasite to identify potential pathogens, while human nucleic
acid is informatically or manually removed using selection techniques. As shown in Figure 2, the majority of reads will be
human, thus millions of reads must be sequenced to attempt to identify pathogens. Several million reads per sample must be
generated for this type of analysis. However, there are currently no guidelines on minimums, quality, or other cutoffs.
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