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Review Series: Nucleic Acids in Medicine

Nucleic acids in diagnosis

RAM H. DATAR, NARENDRA N. JOSHI

INTRODUCTION
Culminating from developmental work of over two decades now,
application of molecular diagnostic techniques have revolution-
ized the operations of clinical laboratories and have made remark-
able inroads into the identification of pathogenic events. The first
part of this series dealt with the basic premises for utility of
molecular biology techniques in clinical laboratories.' Applica-
tion of non-radioactive labels for nucleic acid probes and primers,
and development of more user-friendly systems that allow easy
automation have led to the expansion of these technologies to
smaller institutions and hospitals. These techniques are being
increasingly used in the diagnosis of infectious, neoplastic and
autoimmune diseases all over the world. While the description of
all the molecular diagnostic tests available for various diseases is
well-nigh impossible in the considered scope of the present
review, attention will be focused upon the pathological entities
that are relevant to the Indian medical scenario. Although many of
the tests described here can be developed in-house by major Indian
medical research centres, most of them are commercially available
in formats optimized for sensitivity and specificity. An advantage
of commercial test kits is that the inter-laboratory variability is
minimal and the assays can be easily performed by trained
technologists who do not necessarily need a PhD in molecular
biology. Increasingly, these commercial tests are marketed as
high-throughput assays combined with dedicated instruments for
automation. The major players in this marketplace are listed in
Fig. 1. (This list is by no means intended to be exhaustive or
complete, but should only serve as a starting point for further
searches.) The most commonly used and/or commercially avail-
able molecular diagnostic assay formats are schematically de-
picted in Fig. 2. Brief descriptions of some of them follow [for
descriptions of polymerase chain reaction (PCR), reverse-tran-
scriptase PCR (RT-PCR), in situ hybridization (ISH) and fluores-
cent in situ hybridization (FISH), please refer to the first review in
this series by Datar].'

IviOLECULAR DIAGNOSTIC FORMATS
Ligase chain reaction (LCR)
The ligase chain reaction (LCR) is a DNA amplification technique
which can be used to detect trace levels of known nucleic acid
sequences.' LCR involves a cyclic two-step reaction: (i) a melting
step when double-stranded target DNA is denatured at high
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FIG 1. Molecular diagnostics marketplace

temperature to become single-stranded, and (ii) an annealing step
wherein two sets of adjacent oligonucleotides complementary to
the single-stranded target molecules are ligated together by DNA
ligase. The ligation products of the earlier cycle serve as templates
for the next cycle's ligation reaction. LCR thus results in the
exponential amplification of the ligation products in a manner
analogous to PCR. LCR is thus a probe-amplification rather than
target-amplification system as in PCR. The amplicons can be
detected in an LCx analyser (Abbott Laboratories, USA).

AMPLIFICATION HYBRIDIZATION

FIG 2. Types of molecular diagnostic assays
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Quantiplex bDNA
The bDNA 3.0 assay is based on branched DNA (bDNA) signal
amplification technology. It utilizes various synthetic oligonuc-
leotide sequences (oligos): capture oligos and capture-extender
oligos to anchor target RNA or DNA, and label-extender oligos to
hybridize with the target nucleic acid on the one hand and the
preamplifier oligos on the other. The latter finally hybridize with
the enzyme-labelled amplifier probes to generate signal amplifi-
cation. The non-natural bases isocytidine (isoC) and isoguanidine
(isoG) are incorporated into pre-amplifier oligos and amplifier
probes. Since isoC and isoG do not hybridize with natural bases,
non-specific hybridization is minimized, greatly reducing the
noise.' The bDNA technology, originally developed by Chiron
Diagnostics, but currently marketed as Quantiplex System by
Bayer Diagnostics, USA allows for the amplified detection of viral
nucleic acids in serum or plasma.

Strand displacement amplification (SDA)
SDA is an isothermal, in vitro nucleic acid amplification technique
based upon the ability of HinelI to nick the unmodified strand of a
hemiphosphorothioate form of its recognition site, and the ability of
exonuclease deficient (exo) klenow polymerase to extend the 3'-
end at the nick and displace the downstream DNA strand. SDA
occurs in two segments: a target generation phase, followed by an
exponential amplification phase. In target generation, double-
stranded DNA is heat denatured creating two single-stranded
copies. Two pairs of specific primers (amplification primers for
copying the base sequence and bumper primers for displacing the
newly created strands) combine with the klenow fragment of DNA
polymerase to form altered targets with defined Hincll restriction
cleavage sites at their ends. These are then exponentially amplified
as a result of coupling sense and antisense reactions in which
strands displaced from a sense reaction serve as target for an
antisense reaction and vice versa.' A higher temperature SDA
system modification (thermophilic SDA ortSDA) provides acleaner
product faster, with a higher amplification efficiency. As many as
1012 amplicons can be obtained in as little as 30 minutes.' A reverse
transcription SDA (RT-SDA) allows amplification ofRNA targets.
SDA kits are marketed by Becton Dickinson Inc., USA.

Nuclisens NASBA
The NucliSens system fromNucliSens Division ofOrganon Teknika,
the Netherlands is based upon the nucleic acid sequence-based
amplification (NASBA) technology, which hinges upon the simul-
taneous activity of enzymes: Avian myeloblastosis virus-reverse
transcriptase (AMY-RT), RNase H and 1'7 RNA polymerase. Their
concerted action enables amplification of the desired nucleic acid
sequence to more than 109 copies in only 90 minutes." The reaction
occurs isothermally at 41°C, obviating the need for a thermal cycler.
Unlike RT-PCR, NASBA is able to selectively amplify RNA
sequences in a DNA background, since DNA strands never dena-
ture. This makes NASBA a better choice for detecting and quantify-
ing retroviruses, where only RNA genome copies are amplified and
not theproviral DNA. The detection is by electrochemiluminescence
(ECL). NucliSens assays are internally controlled by means of
control RNAs (calibrators). The calibrators are isolated and ampli-
fied in the same tube. Since the input amounts of the calibrators are
known, the user software can calculate a calibration curve and
deduce the number of equivalent target RNA copies.

Transcription-mediated amplification (TMA)
TMA (Gen-Probe Inc., USA) uses two enzymes to drive the

35

reaction: RNA polymerase and reverse transcriptase. As opposed
to multi-temperature cycling in LCR or PCR, TMA is isothermal;
the entire reaction is performed at 42°C in a water bath or heat
block. TMA has rapid kinetics resulting in up to ten billion-fold
amplification within 15-30 minutes.' In HPA, the amplicon
produced in the TMA step is hybridized with an acridinium ester-
labelled probe that emits a chemiluminescent signal. 8 TMA is
combined with the HPA detection step to complete the technique
in a single tube format. There are no wash steps, and no amplicon
is ever transferred out of the tube, which simplifies the procedure
and reduces the potential for contamination. DNA:RNA hybrids
are then detected by a luminometer.

DNA enzyme immunoassay (DE/A)
Following PCR amplification, the chemically denatured amplicons
are added to microwell plates coated with amplicon-specific
oligonucleotide capture probe." After washing away the unbound
reaction products, an anti-DNA antibody is added, which binds to
the probe: target hybrids. Excess antibody is removed by washing
and Protein A:horseradish peroxidase (HRP) conjugate is added,
which binds to the anti-dsDNA antibody bound to the amplicon-
probe complex. Bound HRP is detected by a colorimetric reaction.
The optical density is measured at 450 nml630 nm in an auto-
mated microwell plate reader and the results are compared to
control cut -off values. This assay was developed and marketed by
Sorin, Italy.

Hybrid capture
The hybrid capture-2 (HC-2, Digene Inc., USA) test is a signal
amplification hybridization antibody capture microplate test that
utilizes chemiluminescent detection. IO DNA in the patient sample
hybridizes to the RNA probe. The resultant RNA:DNA hybrids
are captured onto the surface of the microplate wells coated with
antibodies specific for RNA:DNA hybrids. Immobilized hybrids
are then reacted with alkaline phosphatase-conjugated antibodies
specific for the RNA:DNA hybrids. After washing, a chemilumi-
nescent substrate is added. Emitted light is measured on a
luminometer in relative light units.

Amplicor assay
Amplicor monitor tests (Roche Diagnostic Systems, USA) use
RT-PCR for quantitation of viral nucleic acid. II A quantitation
standard (QS), added to the specimen at the point of viral lysis and
carried through all steps of the assay, provides a reference for
quantitating the target viral RNA in the sample. Detection and
quantitation of amplified products from the RT-PCR is accom-
plished by hybridization to specific probes and photometric detec-
tion in a micro well plate. The HIV-1 RNA is quantitated by
reference of the target optical density (Olr) to the QS Ol).

PeR-sandwich assay
This detection system combines an amplification assay with a
sandwich hybridization reaction. PCR is carried out using patho-
gen gene-specific primers and the amplified target DNA is then
captured by a specific internal oligonucleotide probe covalently
linked onto the surface of an activated polystyrene microplate. 12

The hybridized DNA is then detected by triplex formation with
another internal oligonucleotidic probe carrying 8 biotin groups.
Streptavidin-horseradish peroxidase (HRP) conjugate is then
used to develop a colorimetric reaction product from a substrate
and optical density is measured at 450 nm wavelength with a
microplate reader. The colorimetric detection protocol is similar to
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those used in conventional enzyme immunoassays familiar to any
clinical microbiology laboratory. This assay can even be adapted
to a chemiluminescent detection format.

PrimeCapture PCR (PC-PCR)
PC-PCR is a post-PCR detection assay marketed by Synthetic
Genetics, USA, with high density attachment of a capture probe
to a 96 well microtitre plate, allowing detection of amplified DNA
in a reverse dot blot format. Target amplification is performed
using a biotinylated primer and the amplified product is trans-
ferred to the plate followed by a 20-minute hybridization.
Streptavidin-HRP conjugate is then added for 10 minutes and the
plate is developed with TMB substrate. PC-PCR requires less
than 90 minutes and the results are read on a standard microplate
reader, obviating gel electrophoresis.

DIAGNOSTIC TESTS FOR INFECTIOUS DISEASES
Primarily, there are four possibilities for laboratory diagnosis of
infections:

1. Direct detection of the pathogens (e.g. microscopy and/or
culture),

2. Detection of protein components of the pathogens with the help
of specific antibodies (e.g. antigen capture ELISA),

3. IgA-, IgM- and IgG-specific detection of antibodies directed
against a given pathogen and changes in their corresponding
titre, and as the most sensitive method,

4. Specific detection of nucleic acids (e.g. PCR) of the patho-
gens.

PCR-based systems to detect pathogens directly from clinical
samples are proving useful in rapid detection of fastidious micro-
organisms, which cannot be cultivated easily. Interspecies se-
quence variation has also come in handy for molecular distinction.
Quantitating viral load is another important advancement. While
developing nucleic acid-based detection tests for pathogens, it is
of paramount importance that the specificity of the test is con-
firmed using known positive controls that were tested using direct
culture or immunofluorescent assays. The test must also be able to
distinguish between the target pathogen genome and the related
genomes.

Chlamydial infection
Disease synopsis and clinical significance of nucleic acid

test. Chlamydia trachoma tis (CT) is the causative microorganism
of one of the most prevalent sexually transmitted diseases. Chlamy-
dial infection can lead to urethritis, pelvic inflammatory disease
(PID), ectopic pregnancy, infertility, cervicitis, epididymitis, and
conjunctivitis and pneumonitis in neonates. This microorganism
is also the cause of serious eye infections. Enzyme immunoassay,
direct immunofluorescence assay and culture can detect the anti-
gens from swab specimens. Successful treatment ofCT infections
is available in the form of tetracycline or azithromycin for men and
non-pregnant women, and erythromycin for pregnant women and
neonates. Yet, CT infections can be asymptomatic and those that
are clinically manifest need to be distinguished from similar syn-
dromes caused by other sexually transmitted disease pathogens.
Hence, rapid and accurate diagnosis is important for interruption of
transmission to contacts and for managing CT optimally.

Methodology. PCR detection with a DNA probe and LCR are
the available methods. LCR is more sensitive than culture and
other non-culture methods for the detection of this pathogen.
Oligonucleotide pairs designed to hybridize to target sequences
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within the cryptic plasmid of CT yield amplicons that can be
detected in a microparticle enzyme immunoassay. Other molecu-
lar diagnostic options are the use of ProbeTec CT assay from
Becton Dickinson (BD) and PACE-2 System from Gen-Probe.
The BD ProbeTec CT amplified test for Chlamydia can be used
with swab and urine specimens from men and women. The test
requires collection of 50-90 ml first-stream (not a mid-stream)
clean catch urine specimen.

Gonorrhoea
Disease synopsis and clinical significance of nucleic acid

test. Gonorrhoea, a chiefly sexually transmitted infection caused
by Neisseria gonorrhoeae, causes a variety of clinical syndromes
including urethritis, cervicitis, pharyngitis, PID, as well as neona-
tal conjunctivitis. Altered sexual preferences in the western world
over the last several years are reflected in the increased incidence
of gonococcal infections at extragenital sites such as the oro-
pharynx and rectum. It can result in complications including
sterility and blindness. (Preventive treatment is thus routinely
required to be given to newborns.)

Methodology. Oligonucleotide pairs hybridizing to target
sequences within the Opa gene of Neisseria gonorrhoeae are
used in an LCR assay. In another assay format, the ProbeTec GC
amplified test for N. gonorrhoeae can be used with swab and urine
specimens from men and women. The test requires collection
of 50-90 ml first-stream (not a mid-stream) clean catch urine
specimen.

Tuberculosis
Disease synopsis and clinical significance of nucleic acid

test. Tuberculosis continues to be a major public health problem
worldwide, particularly in India. Of the estimated 8.8 million
cases worldwide, more than 40% are in South-east Asia; with
India alone accounting for 53.3% of these.P Of particular concern
is the increase in drug-resistant Mycobacterium tuberculosis.
Rapid diagnosis is essential for appropriate and cost-effective
management of the patient with suspected tuberculosis.

Methodology. The TMA-based M. tuberculosis direct (MTD
TMA) test can be used as an adjunct to culture in untreated
patients with smear-positive and smear-negative respiratory
samples. M. tuberculosis rRNA can be detected directly from
respiratory samples. The MTD test can reduce turnaround time to
detection, which may take up to 8 weeks using conventional
culture methods, to as little as 2.5 hours. The MTD test is also the
only nucleic acid amplification test approved by the Federal Drug
Administration (FDA) in the USA for use in both smear-positive
and smear-negative patient samples. This is especially important
in the light of recent evidence concerning smear-negative trans-
mission of tuberculosis. 14 The limitation of the MTD test is that it
does not differentiate among members of the Mycobacterium
tuberculosis (Mtb) complex. A negative test does not exclude the
possibility of isolating the Mtb organism from the specimen.

Alternatively, SDA assay can be used to exponentially amplify
the insertion sequence element of M. tuberculosis (lS611O) be-
tween nucleotide positions 972 and 1023. Other commercial tests
are Amplicor Mtb and the LCR test. The Abbott LCx-based
tuberculosis LCR assay, though marketed elsewhere, is not yet
approved for use in diagnostics in the USA.

Mycoplasma pneumoniae
Disease synopsis and clinical significance of nucleic acid

test. Mycoplasmas are the smallest self-replicating obligate intra-
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cellular parasites, which possess a small genome and lack a cell
wall. Their fastidious nature makes them difficult to cultivate in
vitro. Mycoplasma infections tend to be more chronic and indis-
tinguishable on the basis of clinical symptoms alone, making
laboratory diagnosis crucial for management. Mycoplasma
pneumoniae is a frequent cause of upper and lower respiratory
tract infections. Complications of M. pneumoniae infections can
be divided into those syndromes that are probably immunologi-
cally mediated (skin rashes, anaemia, thrombocytopenia, arthri-
tis, myocarditis) and encephalitis/meningitis. Since pneumonia
caused by M. pneumoniae may be indistinguishable from that
caused by viruses, laboratory confirmation is appropriate for
patient management. There are two definitive methods for diagno-
sis of M. pneumoniae-culture and serology-neither of which
are ideal. Culture requires specialized nutrient media, may need
up to 4 weeks and is relatively insensitive. Serology is considered
to be the 'gold standard' for diagnosis, yet the complement
fixation test has poor specificity because of cross-reactivity with
other antigens.

Methodology. The qualitative DEIA assay uses primers MP-
Pll and MP-P12 to amplify a 565 nucleotide sequence within the
highly conserved PI cytadhesin gene of M. pneumoniae. Micro-
bial DNA is extracted from respiratory samples. An oligonuc-
leotide capture probe (MYCOP) is used in this test. PCR inhibi-
tion can occur more often with sputum or nasopharyngeal aspi-
rates than with throat swabs, hence the latter is recommended as
the specimen of choice for M. pneumoniae PCR.

Hepatitis C virus infection
Disease synopsis and clinical significance of nucleic acid

test. Hepatitis C virus (HCV) is the primary agent of parenterally
transmitted non-A, non-B hepatitis. HCV is a 9.5 kb single-strand
RNA virus, which has been classified as a separate genus in the
family Flaviviridae. Hepatitis C comprises about 20% of all acute
hepatitis cases. While hepatitis in only a small percentage ofthese
patients resolves spontaneously, most patients remain chronically
infected. They are at significant risk of developing cirrhosis and
hepatocellular carcinoma. Tests for antibodies to hepatitis C by
even second-generation assays become positive 1 to 12 months
later. However, HCV RNA can be detected as early as 10 days
after inoculation during acute hepatitis C infection. 15

Interferon a-2b has mostly been used to treat chronic HCV
infection. In general, patients most likely to respond to interferon
are those with low HCV viral load (<1 000 000 RNA copies/rnl).
Nucleic acid sequencing has led to the identification of 6 common
HCV types and many more subtypes, depending on the system of
classification. The clinical course of infection and the responsive-
ness to interferon a-2b correlate with viral genotype. Usually,
infection with HCV type 1b or 4 leads to more severe liver disease,
faster progression to chronic hepatitis, and less responsiveness to
interferon therapy. Type la, 2, 3 and 5 infections have a more
favourable prognosis. 16.17 In addition to assessing disease progno-
sis and the likelihood of therapeutic response, HCV genotyping
can be used to identify the source of infection, particularly for
geographically distinct subtypes.

Methodology. RT-PCR and nucleic acid sequencing are used
for HCV genotype and subtype determination. HCV RNA is
extracted from serum or plasma. A 244-base pair portion of the 5'
untranslated region (5' UTR) is then amplified by RT-PCR using
primers KY78 and KY80, and sequenced." A limitation of this
assay is that clinical samples with very low viral loads (<1000
RNA copies/ml) may not amplify by PCR and, therefore, cannot
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be typed. Alternatively, the RT-PCR Amplicor HCV assay, direct
hybridization bDNA assay 19 and NASBA 6 are commercially avail-
able HCV RNA detection assays. NASBA, Amplicor monitor and
Quantiplex assays have all been found to be equally efficient in
detecting and quantifying HCV RNA.20

Nosocomial infections by methicillin-resistant Staphylococcus
aureus (MRSA)

Disease synopsis and clinical significance of nucleic acid
test. Methicillin-resistant Staphylococcus aureus (MRSA) re-
mains an important cause of nosocomial infections. Methicillin-
resistant strains of S. aureus produce an altered penicillin binding
protein, PBP2a, which has a low affinity for ~-lactam antibiotics.
The gene that encodes for methicillin-resistance, designated mecA,
is present in resistant strains (including those with low-level
resistance), but absent in susceptible strains.

Methodology. PCR can be used to amplify and detect a 533 bp
region of the mecA gene."

Cytomegalovirus (CMV) infection
Disease synopsis and clinical significance of nucleic acid

test. CMV infections in humans are widespread. Infection of
normal children and adults usually results in asymptomatic dis-
ease, but it can also cause hepatitis, pneumonia, or a mononucleo-
sis-like illness. If acquired in utero or at birth, CMV infection
results in congenital abnormalities, including hepatospleno-
megaly, deafness and mental retardation. CMV infection is fre-
quent and severe in immunocompromised patients, such as those
with acquired immunodeficiency syndrome (AIDS), recipients of
organ transplants or cancer patients. An important primary source
of virus is blood transfusions. Seronegative individuals transfused
with blood from seropositive donors have ahigh risk of developing
CMV infection. Thus, serological testing for CMV is important in
screening blood for transfusion to neonates or to immunocompro-
mised patients. Serological testing for CMV should be included in
pregnancy screening tests and as an aid in diagnosing active or
recently acquired CMV infections likely to be passed on to the
foetus. PCR is superior to serology in sensitivity for CMV detec-
tion, especially in blood and cerebrospinal fluid (CSF).

Methodology. A number of in-house nested PCR assays have
been developed for CMV. These use either CMV glycoprotein B
(gB) gene segment flanking the glycoprotein 55 cleavage site
(outer primer pair CB-l and CB-2; inner primer pair CB-3 and
CB-4, amplicon 550 bp), CMV UL97 gene (outer primer pair
VS976 and VS977; inner primer pair C97E and C97F, amplicon
329 bp) or the gB ORF (outer primer pair CB-5 and CB-6; inner
primer pair CB-7 and CB-8, amplicon 250 bp).22The limitation of
the PCR assay is that a negative result does not rule out CMV
DNA concentrations in the patient sample below the level of
detection by the assay. The sensitivity ofthe assay can be increased
by PC-PCR assay (Synthetic Genetics, USA). Besides PCR, a
NASBA assay has also been used successfully for CMV detec-
tion."

Hepatitis B virus (HBV) infection
Clinical significance of nucleic acid test. The laboratory

diagnosis and monitoring of both acute and chronic infections due
to HBV involves the use of several ofthe following tests: hepatitis
B surface antigen (HBsAg), the e antigen (HBeAg), antibody to
the core antigen (anti-RBc), antibody to the e antigen (anti-HBe),
and antibody to the surface antigen (anti-RBs). HBsAg usually
becomes detectable 2 weeks to 2 months before clinical symp-
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toms, and as little as 2 weeks after infection. It is usually present
for 2 to 3 months. In antigen-negative cases, the presence ofHBV
DNA will help to confirm the acute infection.

Methodology. Currently favoured tests in the assessment of
HBV infections are the qualitative and quantitative measures of
HBV DNA by molecular methods (PCR or hybrid capture). PCR is
performed using a single primer set directed at the surface antigen
gene of the HBV genome. One distinct gene segment is amplified
if HBV DNA is present. In the qualitative PCR assay, a highly
conserved region of the surface gene ofHBV is detected at a level
as low as 1.5x 1()4 copies of the viral genome per ml. This assay may
be of use in confirming infection in patients with equivocal HBsAg
results. In the Hybrid capture assay (HC-2, Digene Inc., USA), the
RNA probe used is specific to HBV ad and a

y
strains. The test

measures down to 0.02 pg/ml (5000 copies/ml), making it slightly
more sensitive than the qualitative HBV DNA PCR test (which
measures down to 0.05 pg/mL, or 15 000 copies/ml).

Herpes simplex virus (HSV) infection
Clinical significance of nucleic acid test. Herpes simplex

virus (HSV) types I and II produce a variety of clinical manifesta-
tions, ranging from mild stomatitis to fatal disease. The more
common clinical syndromes include: gingivostomatitis, recurrent
herpes labialis, primary and recurrent genital herpes, keratitis,
conjunctivitis, vesicular skin eruptions, aseptic meningitis, en-
cephalitis and neonatal herpes. Untreated herpes encephalitis and
neonatal herpes are fatal in 70% of patients, with neurological
sequelae in most survivors. Mucocutaneous HSV infections can
be severe and prolonged in immunocompromised patients. Since
treatment with antivirals may substantially alter the course of
HSV infections, early diagnosis is important.

The most sensitive, specific, and timely method for diagnosis
of acute lesions is by viral isolation in cell cultures. Antigen
detection tests for HSV are available commercially as kits. For
some HSV diseases, there is insufficient virus in readily available
clinical specimens to allow diagnosis by culture or antigen detec-
tion. The best example is CSF in herpes encephalitis. The sensitive
PCR test, therefore, is the preferred method for timely diagnosis.
Other clinical situations where PCR for HSV might be considered
include: CSF in unusual central nervous system (CNS) syndromes
in AIDS patients or patients with recurrent meningitis and speci-
mens from infants with suspected neonatal herpes where cultures
have been negative (e.g. CSF, nasopharyngeal aspirate).

Methodology. Hybrid Capture (HC-2, Digene Inc., USA) is
used to detect HSV DNA.

Human papillomavirus (HPV) infection
Clinical significance of nucleic acid test. There are over 70

known genotypes of HPV. Certain types (e.g. types 6 and 11) are
known to be associated with genital warts. Numerous investiga-
tions over the past several years have demonstrated that HPV is the
factor most strongly and consistently associated with cervical
cancer. The highest risk is associated with types 16 and 18; inter-
mediate risk with types 31, 33, 35,45,51,52 and 56. HPV testing
is of value in selecting management options for women with
indeterminate Pap results, in particular, atypical squamous cells
of undetermined significance (ASCUS).

Methodology. Hybrid capture assay detects the presence of 18
HPV types and can differentiate between low-risk (HPV types 6/
11142/43/44) and intermediateihigh-risk (HPV types 16/18/311
33/35/39/45/51152/56/58/59/68) HPV DNA groups. Alternatively,
the ISH technique uses probes for HPV 6/11,16/18,31133/51.
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Epstein-Barr virus (EBV) infection
Disease synopsis and clinical significance of nucleic acid

test. It has been estimated that EBV will infect more than 90% of
the human population worldwide during its lifetime. Infections
due to this virus are prevalent in most populations. Primary
infection in young children is often asymptomatic or accompanied
by only non-specific minor illness. In persons infected in adoles-
cence, primary infection is often manifested as infectious mono-
nucleosis (1M). In this case, the disease is usually self-limiting,
characterized by fever, sore throat, myalgias, lymphadenopathy
and hepatosplenomegaly. There is also a strong association be-
tween EBV and Burkitt's lymphoma and nasopharyngeal carci-
noma. In addition, EBV has been associated with a variety of
disorders in the AIDS population and in patients following trans-
plant who develop the X-linked EBV lymphoproliferative syn-
drome.

Diagnosis of acute disease due to this agent depends mostly on
testing for the immune response to EBV by heterophile agglutina-
tion, enzyme-linked immunosorbent and immunofluorescence
assays. The immune response during acute infection, however,
may be significantly delayed, especially in children and
immunocompromised hosts. Recently, it has been possible to
detect the DNA of this virus using PCR analysis of tissues and
cellular elements.

Methodology. One of the clinically offered EBV assays is a
nested PCR assay using rapid cycle DNA amplification tech-
niques to detect the EBV Long Internal Repeat (IR1) gene ofEBV.
The primers amplify an outer primer product at 187 bp and an
inner nested product at 103 bp. The nested assay is sensitive
enough to detect as few as 2 copies of EBV DNA in the reaction
mixture or approximately 66 copies per ml of serum. Alterna-
tively, EBV nucleic acid can also be detected by ISH. The most
widely used and sensitive probe is toEBV -encodedRNAs (EBER).
Since EBER RNA exists at about 100 copies per copy of EBV
DNA, it is easily localized to infected cells. The sensitivity ofISH
approaches that of PCR. It is very useful in establishing the
presence of EBV in paraffin tissue blocks from malignant lym-
phoma, nasopharyngeal carcinoma, etc. The nuclei of cells in-
fected by EBV harbour two highly abundant, short (165-169
nucleotides) and non-translated RNAs, namely EBERl and
EBER2. The fluorescein-labelled EBV probe cocktail (Becton
Dickinson, USA) is a ready-to-use probe mixture specific for the
EBERl transcript, which can be used in detection ofEBV infected
cells on paraformaldehyde-fixed cells.

Human immunodeficiency virus 1 (HIV-l) quantitation
Clinical significance of nucleic acid test. Several molecular

technologies have recently emerged that allow for the quantitative
detection of the genetic material of viruses and bacteria. Applica-
tion of these methods to clinical virology samples permits a much
more sensitive determination of 'viral load' than is afforded by
culture or immunological assays. Viral load testing has an impor-
tant role in predicting disease progression and monitoring the
response to therapy. Higher baseline HIV RNA levels are associ-
ated with a greater risk of disease progression. Viral load informa-
tion may, therefore, be of vital interest to patients and also useful
to physicians in deciding when to initiate antiviral therapy. In
addition, antiviral therapy has been found to result in measurable
decline in HIV viral load. Thus, the quantitative measurement of
HIV viral load is useful as an indicator of disease prognosis; and
as an aid to initiating antiretroviral therapy or evaluating its effect.
Viral load tests should not be used to diagnose HIV infection.
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Primary screening for HIV -1 infection is done using enzyme
immunoassay (EIA). A positive EIA result is confirmed by
Western blot.

Methodology. The ultrasensitive Quantiplex HIV RNA 3.0
Assay (Bayer Diagnostics) uses bDNA technology to determine
viral copies per ml of plasma. Similar sensitivity and a dynamic
range of 50-500 000 copies/ml is achievable by the RT-PCR-
based Ultrasensitive Amplicor HIV -1 Monitor test from Roche
Diagnostic Systems, NucliSens NASBA assay (Organon Teknika)
or, cost-effectively, by an in-house RT-PCR assay described by
Venturi et al. 24 NASBA and Amplicor HIV -1 Monitor assay were
found to be equally efficient in a recent study."

Leptospirosis
Disease synopsis and clinical significance of the nucleic acid

test. Leptospirosis is a zoonotic disease, caused by spirochaetes of
the species Leptospira interrogans, which has a wide variety of
hosts including cattle, Swine, dogs, rodents, wild animals and
humans. Owing to the close association of humans with animals
in India, leptospirosis is of crucial public health importance.
Symptoms vary from mild fever to very severe infections causing
hepatitis, nephritis and meningitis, which may be fatal. Rapid
diagnosis of leptospirosis is important for timely and specific
treatment and control of infection. Conventional methods to detect
the pathogens in blood using dark field microscopy (DFM) or
culture are either unreliable or less sensitive. Hence, in recent
years a number of molecular methods have been developed, which
were reviewed by Ramadass recently."

Methodology. Among the useful methods are restriction endo-
nuclease analysis (REA), nucleic acid hybridization, PCR and
AP-PCR. While AP-PCR is very useful in distinguishing lep-
tospiral serovars in advanced disease cases, PCR has been found
to be substantially superior to DFM for detecting the pathogen in
early days of infection.

DIAGNOSTIC TESTS FOR NEOPLASTIC DISEASES

The onset and progression of human malignancies is marked by a
number of very specific genomic lesions such as translocations,
amplifications, etc.' Most of these are amenable to molecular
detection assays, some of which are described below:

bcl-1/JH, t(11; 14) translocation in mantle cell lymphoma
Clinical significance of nucleic acid test. The chromosomal

translocation t(1l;14) is strongly associated with and occurs in
nearly 75% of mantle cell Iymphomas (lymphocytic 1ymphoma of
intermediate differentiation or centrocytic lymphoma). This chro-
mosomal translocation is characterized by an aberrant gene re-
arrangement between the IgH joining region (JH) on chromosome
14 and the bel-l proto-oncogene on chromosome 11. This test is
most useful when confronted with a difficult differential diagnosis
that includes mantle cell lymphoma. For instance, a neoplastic B-
cell proliferation in tissue, blood or bone marrow that is difficult
to categorize as chronic lymphocytic leukaemia/small lympho-
cytic lymphoma, follicular lymphoma, lymphoma of mucosa-
associated lymphoid tissue (MAL Toma) or mantle cell lymphoma
could readily be classified as the latter if a bcl-l/JH gene re-
arrangement was detected.

This has an important clinical bearing, since mantle cell
lymphomas are typically more aggressive and have an overall
worse prognosis than other low-grade B-celilymphomas. Since
this molecular abnormality is also a tumour-specific marker, itcan
be used for staging purposes and to monitor patients for disease
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relapse after treatment, if their original lymphoma was studied and
shown to have a bcl-lIJH gene rearrangement.

Methodology. PCR is performed on isolated genomic DNA
using two separate primer sets designed to detect major transloca-
tion cluster (MTC)/ bel-l gene rearrangements. PCR products are
analysed by visual inspection in agarose gels after electrophoresis
and appropriate staining. While 40%-50% of breakpoints within
the bel-l gene complex occur at the so-called MTC and can be
detected by PCR, some breakpoints occur at distant loci (e.g.
PRAD 1 site) and will not be identified by this particular test.
Therefore, a negative result does not completely exclude the
presence of a bcl-l/JH gene rearrangement in the sample. Results
of this test must always be interpreted in the context of morpho-
logical and other clinical findings, and should not be used alone
for a diagnosis of malignancy.

bcl-2/JH, t(14;18) translocation in follicular lymphoma
Clinical significance of nucleic acid test. The chromosomal

translocation t( 14; 18) is present in approximately 90% of follicu-
lar lymphomas and in a significant minority (10%-30%) of diffuse
large cell lymphomas of B-celilineage. It is characterized by an
aberrant gene rearrangement between the IgH joining region (JH)
on chromosome 14 and the bel- 2 proto-oncogene on chromosome
18. Moreover, there are two primary breakpoint loci in the bcl-2
region, accounting for about 70% of translocations: (mbr/JH,
60%) and the less frequent minor cluster region (mcr/JH, 10%).

Detection of this molecular abnormality can be of assistance in
B-celllymphoma subclassification. Specifically, Bscell Iympho-
mas harbouring bcl-2/JH gene rearrangements are of follicular
centre cell origin. This information can be helpful in differentiat-
ing follicular lymphoma from other B-celllymphomas that may
have a similar appearance, e.g. mantle cell lymphoma; MAL Tomas.
In addition, since the bcl-2/JH gene rearrangement is a tumour-
specific marker, it can be used for staging purposes and to monitor
patients for disease relapse after treatment, if their originallym-
phoma was studied and shown to have this molecular abnormal-
ity. These tests should not be used for detection of minimal
residual disease.

Methodology. PCR is performed on isolated genomic DNA
using two different primer sets; one directed at mbr-containing
bcl-2/JH gene rearrangements, and the other directed at mer-
containing ones. PCR products are analysed by visual inspection
in agarose gels after electrophoresis and appropriate staining.
While both translocations will be detected with this standard PCR
assay, some breakpoints occur at distant loci and will not be
identified by this particular test. Therefore, a negative result does
not completely exclude the presence of a bcl-2/JH gene rearrange-
ment in the sample. Results of this test must always be interpreted
in the context of morphological and other relevant data, and
should not be used alone for a diagnosis of malignancy.

bcr-abl t(9;22) Philadelphia translocation in chronic myeloid
leukaemia (CML) and acute lymphoblastic leukaemia (ALL)

Clinical significance of nucleic acid test. Essentially all cases
of CML, and some of ALL (about 25% of adults and 5% of
children with this form of acute leukaemia); and occasionally,
acute myelogenous leukaemia (mostly CML blast crisis) are
characterized by an aberrant fusion transcript between the abl
proto-oncogene on chromosome 9 and the breakpoint cluster
region (bcr) on chromosome 22. This gene fusion results in the
t(9;22)(q34qll) translocation (Philadelphia chromosome). The
breakpoint is constant at the abllocus, but occurs at two primary
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and distinct areas within bcr. These are termed the major (M) and
minor (m) breakpoint cluster regions. Cytogenetic analysis is the
standard method for assessing t(9;22). However, the bcr-abl
rearrangement may be detected even when no Philadelphia chro-
mosome is observed by cytogenetics. In fact, in a subset of
leukaemias this abnormality can only be identified at the molecu-
lar level. The bcr-abl PCR assay is of importance in these
situations.

Methodology. The PCR test detects the bcr-abl fusion tran-
script. The PCR result must be correlated with clinical and
morphological features for accurate and reliable interpretation. In
addition, this type of molecular testing can provide important
clinical information about the type of bcr involved in the abnor-
mally rearranged gene. Specifically, (M)bcr is found in CML and
CML blast crises, while (m)bcris exclusively observed in de novo
ALL. Therefore, one could reliably differentiate ALL arising as a
CML blast crisis from de novo ALL with t(9;22) using this assay.

t (15; 17) translocation in acute promyelocytic leukaemia
(APML)

Clinical significance of nucleic acid test. APML is a distinc-
tive form of acute myelogenous leukaemia (AML). It accounts for
approximately 10% of AML and is characterized by a proliferation
of malignant promyelocytes in the bone marrow. Patients with
APML have distinctive clinical features. These individuals are
generally younger than the typical AML patient, have a better
prognosis, and almost always have disseminated intravascular
coagulation (DIC). This coagulopathy becomes more severe with
chemotherapy and may be fatal during treatment. Therefore,
proper subclassification of acute leukaemia as APML is critical
for optimal patient management and clinical decisions. Besides,
alternative therapeutic strategies are used by medical oncologists
to treat APML. Thus, all-trans retinoic acid (ATRA), a relatively
non-toxic agent, permits myeloid differentiation of the leukaemic
promyelocytes, and is preferred as a first-line agent in the treat-
ment of this entity, followed by standard chemotherapy. Cyto-
genetic and molecular tests can be used to establish a definitive
diagnosis of APL. There is a strong association of t(l5;17)
translocation, and its molecular equivalent PMLIRARa gene
rearrangement, with this SUbtypeof AML. Indeed, the efficacy of
ATRA therapy depends upon changes in the retinoic acid receptor
a (RARa) gene resulting from this translocation. As many as 30%
of APML cases may be negative for t(15;17) with cytogenetic
techniques. In contrast, RT-PCR can detect the transcript of PMLI
RARa fusion gene in nearly all samples of APML.

Methodology. The samples are examined by the specific PMLI
RARa RT-PCR test. This assay is designed to detect type A- and
B-variant rearrangement patterns of this translocation. PMLol
RARo, a single outer primer set, is capable of amplifying the entire
breakpoint region and is used for the initial amplification step.
Subsequently, the amplified product from the first reaction serves
as template DNA for two nested primer set reactions: PMLa!
RARi and PMLbIRARi. PCR products are analysed by agarose
gel electrophoresis. Results of this test must always be interpreted
in the context of morphological and other relevant data, and
should not be used alone for a diagnosis of malignancy.

Tumour chromosome abnormality by FISH
Clinical significance of nucleic acid test. FISH is most useful

for evaluation of abnormalities such as translocation breakpoints
in leukaemia [e.g. t(9;22) in CML or ALL or t(15;17) in APML] ,
clonal aneusomy in leukaemia (e.g. trisomy 12) or aneusomy in
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constitutional or congenital conditions or gene amplification (e.g.
Her2/neu in breast cancer).

Methodology. FISH utilizes fluorescent-labelled DNA probes
to defined chromosomal sequences (e.g. translocation breakpoint
cluster regions, centro metric sequences) to identify transloca-
tions, deletions and amplifications of genes as well as changes in
chromosome number. Whereas traditional cytogenetic analysis
requires metaphase (dividing) cell preparations and is subject to
the limitations of detection by light microscopy, FISH can be
applied to either metaphase or interphase (non-dividing) cell
preparations. An increase in sensitivity of detection can be ob-
tained through hybridization by secondary methods such as fluo-
rescence-tagged antibodies. This allows for the visualization of an
abnormal chromosomal complement that otherwise might go
undetected (e.g. in a cancer study where cells are not dividing or
in a patient who has a cryptic translocation or microdeletion).
However, it should be noted that FISH targets specific abnormali-
ties and does not replace traditional karyotypic cytogenetics. The
latter is still required for demonstrating the presence of complex
abnormalities.

DIAGNOSTIC TESTS FOR AUTOIMMUNE DISEASES
Ankylosing spondylitis and related spondyloarthropathies

Disease synopsis. Ankylosing spondylitis (AS) is probably
one of the most widely discussed autoimmune disorders, both
clinically as well as experimentally. It is a chronic, systemic,
inflammatory rheumatic disease of the axial skeleton that is
characterized by sacroileitis, peripheral arthropathy, insertional
tendinitis and an absence of rheumatoid factor. A strong associa-
tion of primary AS with human leucocyte antigen (HLA) B27 has
been established since 1973,27This association is unique in terms
of its strength and validity across ethnic barriers with over 95% of
AS patients being HLA-B27 positive. Besides primary AS, sec-
ondary AS sometimes occurs in association with reactive arthritis
(ReA), psoriasis, ulcerative colitis or Crohn's disease where
association with HLA-B27 varies between 50% and 80% only."
Patients with these disorders have negative serological findings
for rheumatoid factor (RF). Therefore, HLA-B27 testing is of
relevance in all RF-spondylarthropathies since even a negative
finding for HLA-B27 can be helpful as these RF negative, HLA-
B27 negative patients in general have a milder disease and better
prognosis than those who are HLA-B27 positive."

Clinical significance of nucleic acid test. There are three
different methods for typing individuals for HLA-B27.

1. Serological typing
2. FACS analysis
3. Molecular typing of DNA for HLA-B27 gene

The first two methods detect the HLA-B27 molecule whose
presence can be examined on the surface oflymphocytes where it
is abundantly expressed. In the first method, binding ofHLA-B27
specific antibody is detected using complement-mediated lysis of
the positive cells. In the second method, the binding of the primary
anti-HLA-B27 specific antibody to positive cells is detected using
a secondary antibody (anti-primary antibody) labelled with a
fluorescent molecule by means of a flowcytometry instrument. In
the DNA-based molecular typing, PCR is employed with oligo-
nucleotide primers that bind sequences specifically found in the
HLA-B27 gene. Thus amplification of only HLA-B27 gene is
achieved which is detected by simple agarose gel electrophoresis.

While the serotyping approach has been used routinely for
several years now, it is accepted that this technique is quite
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sensitive to variations in reagent quality, experimental conditions
and technical expertise ofthe bench worker. For these reasons, the
serotyping methodology for HLA studies is being rapidly replaced
by DNA-based molecular typing. The flowcytometric approach,
on the other hand, requires a costly instrument and use of a kit that
is specially designed for HLA -B27 typing. Carrying outthe DNA-
based molecular typing is technically less demanding and yields
unambiguous results.

Beyond these considerations remains the most important fact
that HLA-B27 is a polymorphic molecule. Of the twelve different
subtypes known to date," individuals with two subtypes, B*2706
or B*2709 are negatively linked to AS while five other subtypes
are positively linked to AS (Table I). This means that not all
individuals positive for HLA-B27 molecule expression on their
lymphocytes would develop AS. Such a possibility of a false-
positive result could be of significance in the case of a new patient
or with regard to the risk prediction for secondary spondylo-
arthropathies. Thus, identification of subtypes permitted by
molecular typing alone allows definitive diagnosis in terms of risk
for AS or secondary AS for that matter.

TABLE 1. Distribution and association with ankylosing spondylitis
of HLA-B27 subtypes":"

HLA-B27
subtype

Geographical distribution (prevalence) AS associationt

B*2705*
B*2702

Worldwide Yes
Middle Eastern, North African and European Yes

Caucasian
West African (restricted) Yes
Chinese, Japanese, Thais, Indonesians and Yes

Polynesians
South-east Asians No
Indians, Chinese and Thais (low prevalence) Yes
British (rare) ?
Italians and Sardinians (restricted distribution) No

B*2703
B*2704

B*2706
B*2707
B*2708
B*2709

tAssociation with AS as a general rule. Few exceptions in case ofB*2706 have been
reported. Larger population studies need to be performed to confirm distribution and
association of the subtype.
+HLA B *2705 is considered an ancestral subtype.

Geographical distribution and prevalence as well as associa-
tion with AS for other subtypes are not available.

Methodology. The molecular typing approach employs PCR to
identify the presence ofthe HLA-B27 gene sequences. Two sets of
oligonucleotide primer pairs, one termed as primer pair for 'ge-
neric' sequences and the other pair for subtype-specific sequences
are used in such testing. As the names suggest, the former pair of
primers would bind the DNA sequences that are common to all
HLA-B27 subtypes. On the other hand, for the amplification of a
DNA sequence to identify a particular subtype, oligonucleotide
sequence of at least one of the primers is so designed that it is
complementary to the specific sequence of the subtype of interest.
Thus, during the annealing step of the PCR, the specific primer
will allow amplification of the intervening sequence only if the
complementary sequence that is characteristic for the subtype is
present. Such a primer design is based on the principle of
amplifcation refractory mutation system PCR.1 Thus, selecting
PCR primers to bind subtype-specific sequences provides the
highest level of resolution with maximum accuracy.
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TESTS UNDER OPTIMIZATION AND CLINICAL
VALIDATION
Amoebiasis

Disease synopsis and clinical significance of nucleic acid
test. The protozoan parasite Entamoeba histolytica is the caus-
ative agent of amoebic dysentery and amoebic liver abscess,
diseases responsible for significant morbidity and mortality world-
wide. Diagnosis of amoebiasis rests on microscopy and serology.
The diagnostic challenge is to distinguish amoebiasis from dysen-
tery that is caused by bacteria as well as from non-infectious
causes of bloody diarrhoea including inflammatory bowel dis-
ease, ischaemic colitis and gastrointestinal bleeding caused by
diverticuli and arteriovenous malformations. Liver abscess is
overwhelmingly the most common extraintestinal manifestation
of amoebiasis. An amoebic liver abscess might be mistakenly
diagnosed as abacterial abscess, necrotic hepatoma orechinococcal
cyst.

Methodology and limitations. Several PCR-based methods
that amplify and detect E. histolytica DNA in stool samples have
been developed. When used to detect the presence of trophozoites
in culture, PCR amplification and detection of small, ribosomal
RNA (rRNA) genes is about 100 times more sensitive than the
best currently available ELISA kit for the detection of E. histolytica
antigens." However, field studies that compared the rRNA PCR
method with the stool culture or antigen detection methods indi-
cated that these three methods perform equally well; the specific
antigen detection method was found to be relatively rapid and
technically simpler. 32

Helicobacter pylori infection
Clinical significance of nucleic acid test. Helicobacter pylori

(H. pylori) infection is the most common gastrointestinal tract
infection, which plays an important role in the aetiopathogenesis
of peptic ulcer and gastritis. Since successful eradication of this
pathogen is shown to prevent relapse of gastric and duodenal
ulcers, it is important to employ reliable, rapid and sensitive
diagnostic methods.

Methodology. The PCR-sandwich assay developed by Lage et
al. targets a region of the ureC gene of H. pylori. 12PCR primers
used are 93275 and 93276 which are derived from the ureC gene
to amplify a 294 bp fragment. The capture of the amplicon is
achieved by an internal oligonucleotide probe 95045 and the
detection is by hybridization with another internal oligonucleotidic
probe 94216. This assay combines specificity afforded by H.
pylori ureC gene sequence with sensitive sandwich DNA hybrid-
ization reaction. It can detect H. pylori-infected gastric biopsy
specimens and can also be used for monitoring the eradication of
the pathogen after treatment. PCR-RFLP, an alternative method,
involves PCR amplification with two primers (HPUI and HPU2)
for amplifying a 411 bp product from the urease gene A. Amplified
PCR products are subjected to RFLP analysis and the bacteria are
typed using the RFLP pattern. While PCR offers a sensitive
method to determine H. pylori infection, RFLP detects new or re-
infection with H. pylori strains."

SYNOPSIS
In summary, we have compiled information on the most com-
monly available molecular diagnostic assay platforms, and
focused attention on some of the clinical tests that are relevant to
and useful in the Indian medical scenario. Clearly, the issues
regarding the cost-benefit relation of these tests to clinical manage-
ment will need to be addressed, and this will be dealt with in one
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of the future articles. (It is recognized here that molecular
biology techniques are also available-and in fact, extensively
worked on-for inherited disorders. These include both genetic
diseases such as haemoglobinopathies, cystic fibrosis, etc. as
well as heritable conditions such as familial breast cancer, Li-
Fraumeni syndrome, etc. But besides being topics of extensive
treatment by themselves, we feel that these conditions qualify
more for genetic testing than for diagnosis, and hence are not
discussed here. They will be discussed later, particularly in the
light of various ethical, social and legal issues that are associated
with them.)

Looking back, it would appear that-with the exception ofISH
and FISH in a few cases-the technique ofPCR and its variations
is the most favoured modality of molecular diagnostics. Will it
stay the same way in the future? We don't think so. While appli-
cation of PCR is mostly due to its ease (and at least partly due to
market force by the developers of thermal cyclers, thermostable
polymerases and kits), numerous alternative technologies have
been under development over the past decade or so. We should
begin to see them entering diagnostics in a big way in the very near
future. More about these 'on-the-anvil' technologies in yet another
review in this series.
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