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assays are available for C. trachomatis, N. gonorrhoeae, and human
papillomavirus.
Many laboratories have developed their own probes for pathogens;
however, unless a method-validation protocol for diagnostic testing
has been performed, federal law in the United States restricts the use
of such probes to research.
NUCLEIC ACID AMPLIFICATION TEST (NAAT) STRATEGIES
There are several methods for amplification (copying) of small
numbers of molecules of nucleic acid to readily detectable levels.
These NAATs include PCR, LCR, strand displacement amplification, and self-sustaining sequence replication. In each case, exponential amplification of a pathogen-specific DNA or RNA sequence
depends on primers that anneal to the target sequence. The amplified nucleic acid can be detected after the reaction is complete or
(in real-time detection) as amplification proceeds. The sensitivity of
NAATs is far greater than that of traditional assay methods such as
culture. PCR, the first and still the most common NAAT, requires
repeated heating of the DNA to separate the two complementary
strands of the double helix, hybridization of a primer sequence to
the appropriate target sequence, target amplification using PCR for
complementary strand extension, and signal detection via a labeled
probe. Methods for the monitoring of PCR after each amplification
cycle—via either incorporation of fluorescent dyes into the DNA
during primer extension or use of fluorescent probes capable of
fluorescence resonance energy transfer—have decreased the time
required to detect a specific target. An alternative NAAT employs
transcription-mediated amplification, in which an RNA target

sequence is converted to DNA, which then is exponentially transcribed into an RNA target. The advantage of this method is that
only a single heating/annealing step is required for amplification.
Identification of otherwise difficult-to-identify bacteria involves
an initial amplification of a highly conserved region of 16S rDNA
by PCR. Automated sequencing of several hundred bases is then
performed, and the sequence information is compared with large
databases containing sequence information for thousands of different organisms. Although 16S sequencing is not as rapid as other
methods and is still relatively expensive for routine use in a clinical
microbiology laboratory, it is becoming the definitive method for
identification of unusual or difficult-to-cultivate organisms.
QUANTITATIVE NUCLEIC ACID TEST STRATEGIES
With the advent of newer therapeutic regimens for HIV-associated
disease, cytomegalovirus infection, and hepatitis B and C virus infections, the response to therapy has been monitored by determining
both genotype and viral load at various times after treatment initiation.
Quantitative NAATs are available for HIV (PCR), cytomegalovirus
(PCR), hepatitis B virus (PCR), and hepatitis C virus (PCR and TMA).
Many laboratories have validated and perform quantitative assays for
these and other pathogens (e.g., Epstein-Barr virus), using analytespecific reagents for NAATs.
Branched-chain DNA (bDNA) testing is an alternative to NAATs
for quantitative nucleic acid testing. In such testing, bDNA attaches to
a site different from the target-binding sequence of the original probe.
Chemiluminescence-labeled oligonucleotides can then bind to multiple repeating sequences on the bDNA. The amplified bDNA signal
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Figure 150e-2 Strategies for amplification and/or detection of a target–probe complex. DNA or RNA extracted from microorganisms is
heated to create single-stranded (ss) DNA/RNA containing appropriate target sequences. These target sequences may be hybridized directly
(direct detection) with probes attached to reporter molecules; they may be amplified by repetitive cycles of complementary strand extension
(polymerase chain reaction) before attachment of a reporter probe; or the original target–probe signal may be amplified via hybridization with
an additional probe containing multiple copies of a secondary reporter target sequence (branched-chain DNA, or bDNA). DNA/RNA hybrids also
can be “captured” on a solid support (hybrid capture), with antibody to the DNA/RNA hybrids used to concentrate them and a second antibody
coupled to a reporter molecule attached to the captured hybrid.

