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Regular Revieew

Rapid viral diagnosis in perspective

Many viruses can now be detected routinely in small laboratories; even
more will be possible by 2000

Though viral infections are the commonest cause of human
disease, diagnostic services are available in only a few
microbiology laboratories.' Traditionally, the procedures
used for viral diagnosis have been too slow to influence patient
management and too expensive and tedious to encourage
widespread use. The self limiting nature ofmost viral diseases
has encouraged clinicians not to seek a specific diagnosis, and,
even when a diagnosis has been made, therapeutic options
have been limited. In the past 10 years, however, the picture
has changed dramatically, and viral diagnostic tests need to be
more widely available.
With the increasing use of immunosuppressive and

cytotoxic drugs and as a consequence of AIDS severe viral
infections are a common complication of modern medicine.
Knowledge of the specific cause has obvious benefits, such as
more accurate prognosis, reduction in clinical investigations
and the use of antibiotics, and better patient management and
compliance. It also leads to a better understanding of the
epidemiology of viral diseases, which is important for control-
ling transmission.

Antiviral chemotherapy has made important advances, and
therapeutic options now exist for several infections.2 Acyclovir
has been proved to be of value in treating established herpes
simplex virus and varicella zoster virus infection in both
immunocompetent and immunosuppressed patients. Serious
respiratory viral disease due to influenza A virus and respira-
tory syncytial virus are now treatable with amantadine and
tribavirin respectively. Even the newly discovered human
immunodeficiency virus may be controlled at least in part by
zidovudine. Recently ganciclovir and foscarnet have given
promising results in immunosuppressed patients with serious
cytomegalovirus disease. There are also tantalising reports
suggesting that both papillomavirus infection and hepatitis B
virus infection may be susceptible to immunomodulatory
treatment with interferons.
Though infection with these viruses is amenable to treat-

ment, chemoprophylaxis and immunoprophylaxis may be an
effective alternative for other viruses.2 Acyclovir and
immunoglobulin prophylaxis have shown benefit in prevent-
ing or reducing the severity of varicella zoster virus and
cytomegalovirus infections. Amantadine offers effective
prophylaxis against influenza A infection and is also a useful
adjunct to late immunisation in people at high risk. Although

antiviral treatment and prophylaxis are still in their infancy,
they are making an impact and their influence is bound to
increase in the future.
As a result of these developments the demand for rapid viral

diagnosis has increased substantially in recent years. Much
technical progress has been made, and the laboratory can now
provide reliable diagnosis of a comprehensive range of virus
infections within a day or two after receiving the specimen.
We review here the laboratory tests now available, emphasising
those that are applicable "in the field" away from the reference
laboratory.

Performance evaluation of a new test
The performance measures used to evaluate the usefulness

of a new test are sensitivity, specificity, and positive and
negative predictive values. These terms are familiar and are
defined elsewhere,' but a couple of points are worth empha-
sising.

For culturable viruses the reference test to which these
measures relate is usually isolation in tissue culture. Though
specificity of virus isolation may be safely assumed, sensitivity
depends on several factors that may compromise recovery of
virus from clinical specimens and so generate false negative
results.4 As the technology improves rapid tests are appearing
that are clearly more sensitive than the reference methods.
This may be a manifestation of that very problem, and other
tests-for example, serological confirmation-must then be
applied to determine whether the additional positive results
are real or false. An example of this is the recently developed
rapid culture test for cytomegalovirus, in which up to twice as
many specimens give positive results than with conventional
culture, which remains the reference method.I Another
example is the detection of pathogen specific DNA after
amplification with the polymerase chain reaction. Here a new
test is so sensitive that validating the results by alternative
tests may be difficult if not impossible. As described below,
the only way that the results can be validated in these
circumstances is to rely on stringent attention to quality
control and technique by the operator.
A measure that is often overlooked in evaluating a new test

is its positive predictive value-that is, the proportion of true
positive results. When the test has a specificity of under 100%
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the predictive value will show considerable variation for
different populations depending on the prevalence ofinfection
in the group under study because if most of the specimens
examined give true negative results a small fraction of false
positive results becomes important. The effect is shown in the
table, which gives the sensitivity and specificity levels attain-
able with the current tests for detecting chlamydial antigen.
Test kits that seem to have quite reasonable performance may
generate a large percentage of false positive results in a
condition with low prevalence (over 30% in this example).

Effect ofdisease prevalence on positive predictive value

Positive predictive
Sensitivity (%) Specificity ( Prevalence value (oN))

85
85

98
98

20
5

91
69

These calculations apply to all screening tests with a specificity
of less than 100%. It is therefore important to be aware of the
disease prevalence in the population under study before
relying too much on the result.

Respiratory viruses
The viruses that infect the respiratory tract have remained

difficult to identify with the rapid methods. The diagnosis of
upper respiratory tract infection is rarely requested because
the infection is usually trivial. Virus isolation continues to be
the only reliable approach for detecting the lower respiratory
tract pathogens. As with conventional serology, this may take
two to three weeks to provide an answer, which in most cases
is too slow to influence patient management.
For a few specific viruses the rapid tests do work adequately.

Respiratory syncytial virus produces regular epidemics of
childhood bronchiolitis in winter, and detection of antigen by
either immunofluorescence or enzyme immunoassay is reliable
in these circumstances.6 Many comparisons with virus
isolation have been published, and sensitivities of 95% or
better and specificities of around 98% are usually reported.7
These tests tend to pick up a few additional "false" positive
results, which probably represent false negative isolation
results.
Few commercial kits exist for other respiratory viruses.

This severely limits adoption of rapid testing outside the
reference laboratory. Polyclonal antisera against influenza
viruses A and B, parainfluenza viruses 1 and 3, and adenovirus
group antigens are available from Wellcome and are suitable
for immunofluorescence testing. The influenza virus A
antiserum is useful during outbreaks, but the sensitivity is
only around 50% (with varying specificity) compared with
isolation.6" The usefulness of the other antisera is question-
able. Though specificities are very high, the sensitivities are
only 20-60% and are too low to justify their use as a screening
test in the absence of tissue culture back up.69 Commercial
enzyme immunoassays for detecting these antigens have not
been evaluated. Similarly, reports on the use of monoclonal
antibodies are sporadic and commercial suppliers have not yet
adopted them.
An alternative approach to the respiratory viruses that has

received scant attention is the fluorescent focus assay, which is
similar to that developed for rapid detection of cytomegalo-
virus in shell phials. "' The technique entails centrifugation of
the specimen on to a monolayer of permissive tissue culture
cells, incubation overnight, then staining the cells with
immunofluorescent antisera directed against antigens
expressed early in the virus's replication cycle. In one study

that used monoclonal antibodies to detect influenza viruses A
and B the method achieved a sensitivity of 84% and specificity
of 100l compared with culture." Conceivably, respiratory
specimens could be screened for a wide range of viruses by
using multiwell tissue culture trays in place of cover slips.
The important unanswered question is whether the com-
mercial antisera available can detect the early antigen with
sufficient sensitivity to make the test reliable.

Gastrointestinal viruses
Viruses infecting and causing illness in the gastrointestinal

tract have been surprisingly difficult to isolate in cell culture.
Their discovery and diagnosis have thus depended largely on
electron microscopy. Viruses such as rotavirus, adenovirus
type 40/41, calcivirus, astrovirus, and the small round virus
group -for example, Norwalk virus-are refractory to isola-
tion but may be detected readily on a negatively stained
electron microscopy grid. 12 For many of these viruses
electron microscopy is not just a rapid method (results are
available within 20 minutes); it is the only method.

Direct electron microscopy, in which a clarified faecal
suspension is placed directly on to a plastic coated grid and
stained with a heavy metal salt solution, is insensitive. At least
106 particles/g of faeces are necessary for reliable detection,
which means that substantial amounts of virus may be
missed. Though ultracentrifugation or immunological
aggregation may be used to concentrate the virus for improved
sensitivity, the technique is unsuitable for large scale screen-
ing. Immunoelectron microscopy has an additional use in
identifying viruses such as the Norwalk virus (which has no
characteristic morphology), but its use is restricted to the
reference laboratory.

Rotavirus is the only virus in this group that occurs in
regular winter epidemics and for which other tests have been
developed. Several enzyme immunoassay and latex agglutina-
tion tests are available commercially, and numerous compari-
sons with electron microscopy have been published. The
enzyme immunoassays are significantly more sensitive than
electron microscopy. A recent study showed that one such kit
produced over twice as many positive results as electron
microscopy.'" The specificity of the test is determined by
performing a confirmatory test on the positive specimens by
blocking the reaction with an unlabelled rotavirus antiserum.
When this is done the modern enzyme immunoassays have
adequate specificity, but between 1% and 5% of apparently
positive results fail the confirmatory test and are deemed false
positive results. This shows the principal disadvantage of
enzyme immunoassay: the need to confirm all positive
findings with a blocking assay. If the laboratory has only a
small paediatric load the cost may also become important
because of the control samples required to validate each run.
Latex agglutination is not as sensitive as the best of the
enzyme immunoassays, but at least one kit is as sensitive as
electron microscopy, is highly specific, and seems to be a
reasonable alternative for small laboratories." 4

In summary, electron microscopy continues to be an
extremely useful test as the only "catch all" method of
detecting the gastrointestinal viruses. The sensitivity depends
on the operator, however, and, even in competent hands, is
suboptimal. Alternative methods have been developed only
for rotavirus, and the choice depends to some extent on
workload.

Hepatitis viruses
At least five viruses that infect humans are recognised for

their ability to cause hepatitis: A, B, C, D, and non-A, non-B
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hepatitis viruses. Routine tests for rapid diagnosis are available
only for hepatitis A and hepatitis B viruses.

Hepatitis A virus is shed in large numbers in the faeces in
the two weeks preceding the overt illness and can be detected
readily by immune electron microscopy. Viral excretion
diminishes rapidly thereafter, however, and only half of all
patients give positive results within one week and less than a
tenth within three weeks of the onset of symptoms. 5 A more
successful approach, which most laboratories now use, is the
detection of antihepatitis A virus IgM in serum. Sensitive
commercial radioimmunoassays and enzyme immunoassays
are 100% sensitive for up to six months after an acute
infection."

Diagnosing hepatitis B virus is complicated because infec-
tion may follow various patterns, each of which is associated
with a different array of viral markers. Direct detection of the
virus and its antigens by electron microscopy and the various
staining procedures such as immunofluorescence and
immunoperoxidase has been applied to biopsy or necropsy
material and is useful in diagnosing the various forms of
chronic hepatitis.'8 It is not, however, suitable for rapid
screening of hepatitis B virus infection in routine laboratories,
which rely on the serological markers ofthe virus. Commercial
radioimmunoassay and enzyme immunoassay kits are avail-
able for detecting antibody to the virus's surface antigen (anti-
HBs), core antigen (anti-HBc), and e antigen (anti-HBe) as
well as for detecting the antigens themselves (HBsAg and
HBeAg).

In a typical case of acute self limited infection with hepatitis
B virus HBsAg appears first in serum followed by HBeAg,
anti-HBc, anti-HBe, and then anti-HBs.'9 In 80-90% of cases
rapid diagnosis is made on the basis of a positive result for
HBsAg; current third generation immunoassays can detect as
little as 0 - ng/ml of the antigen.'9 The remaining cases are
usually detected by the presence of a high titre of anti-HBc
IgM in an acute phase serum sample or seroconversion to anti-
HBs antibody between acute and convalescent phase serum
samples.

Chronic infection with hepatitis B virus occurs in 5-10% of
adults who are unable to eliminate HBsAg within the usual
time frame-that is, less than three months.20 Continued
monitoring of concentrations of HBsAg and the other
markers, including hepatitis B virus DNA, is then important
to determine what form (asymptomatic, chronic persistent, or
chronic active) the infection is likely to take. This need arises
once hepatitis B virus infection has been diagnosed and would
fall beyond the scope of most routine laboratories.

Identification of the recently recognised hepatitis C virus is
in its infancy at present. The only specific test is for the
presence of hepatitis C virus antibodies in serum by using a
cloned viral polypeptide of 363 amino acids as the capture
antigen in an immunoassay. In the absence of other tests for
comparison the sensitivity and specificity of the assay can be
assumed to be satisfactory only on the basis of published
seroprevalence studies. These show that hepatitis C virus
antibodies are found in up to 85% of patients who become
infected with non-A, non-B hepatitis virus through transfusion
and implicated donors but in only 1% or less ofpeople without
risk factors for hepatitis.2' 22 The early serological studies were
done with a home grown radioimmunoassay at the Chiron
Corporation, where the polypeptide was initially cloned.
Commercial kits using an enzyme immunoassay format,
however, are now available from Ortho Diagnostics
(Buckinghamshire) and Abbott Diagnostics (Hampshire).
Though these kits will be useful in providing a diagnostic test
and for screening blood donations for hepatitis C, the results
should be treated with caution as confirmatory tests are not
available at present.

Herpesvirus group
Herpes simplex virus
Of all of the tests for viruses that the diagnostic laboratory is

called on to do, that for herpes simplex virus is likely to be the
most frequently requested. The virus grows rapidly in
permissive cell lines; about 80% of positive cultures are
usually detectable by visual cytopathic effect within two days,
and more than 99% are detectable by four days.23 Neverthe-
less, rapid methods of diagnosis have proliferated and include
centrifugation enhanced culture, the use of DNA probes, and
antigen detection by immunofluorescence, enzyme immuno-
assay, and latex agglutination.
The success of diagnostic testing for genital herpes depends

on the stage ofthe lesion. In one study the virus was detectable
in 70% or more of vesicular lesions but in fewer than 20%
when the specimen had been taken after crusting had
occurred.24 Overall, immunofluorescence with a monoclonal
antibody based kit had a sensitivity of 74% and specificity of
85% compared with isolation but was more reliable in
specimens taken from early stage lesions than from those
taken later on. Enzyme immunoassay may prove to be more
sensitive than immunofluorescence as it detects both extra-
cellular and -intracellular antigens and does not impose the
demands for collection of infected cells that are required for
reliable immunofluorescence testing. In one recent study a
newly released enzyme immunoassay kit was shown to have a
sensitivity of 95% with 100% specificity for the diagnosis of
genital herpes.25 In contrast, latex agglutination seems to be
insufficiently sensitive for use without culture back up,
detecting only half of the cases with positive results on
isolation in one series.26
Compared with the same day tests centrifugation enhanced

culture in shell phials is slow, taking 24 hours to complete.
The assay is, however, at least as sensitive as conventional
culture and is highly specific.27 At present this is the most
promising of the alternative tests to virus isolation, and for
laboratories with heavy herpes simplex virus workloads it
might produce savings in labour.

Vanrcella zoster virus
Varicella zoster virus is notoriously labile and attempts at

isolation often fail. Ironically, skin lesions caused by varicella
zoster virus often contain large quantities of the virus, and
diagnosis by antigen detection is the most sensitive method.2829
This approach has had limited application in the past because
commercially available reagents were not available, but now a
monoclonal antibody kit that uses direct immunofluorescence
has been developed. In one evaluation the kit detected
significantly more patients who were positive for the virus
than did standard culture or centrifugation enhanced culture
and had a sensitivity of 92% compared with all methods
tested.29

Electron microscopy does not distinguish varicella zoster
virus from other members of the herpesvirus group, but
because the virus is present in high concentrations in vesicular
and pustular fluid the test is often adequate to provide a rapid
presumptive diagnosis.30 We have found it useful when used
in conjunction with isolation to confirm the virus type.

Cytomegalovirus
Rapid diagnosis of cytomegalovirus infection has made

major strides since the discovery that viral antigen expressed
early in the replication cycle can be detected reliably with
fluorescent antisera within a day or two of inoculation into
susceptible fibroblast cultures.3' When used in combination
with low speed centrifugation to enhance infectivity the
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procedure is significantly more sensitive than conventional
isolation with a variety of clinical specimens.32 This centri-
fugation enhanced culture has gained wide acceptance as the
method of choice for diagnosing cytomegalovirus, and several
commercial companies now supply monoclonal antibodies to
detect early antigens.
Same day diagnosis of cytomegalovirus infection by antigen

detection in clinical specimens has been reported with v4rying
success. One group reported a sensitivity of93% for detecting
the virus in blood leucocytes of patients with renal transplants
by using a cocktail ofmonoclonal antibodies against early viral
antigens.34 In another study direct detection of the virus in
bronchoalveolar specimens of patients with cytomegalovirus
pneumonia was less satisfactory: only 59% of culture positive
specimens were positive by immunofluorescence staining.33

Epstein-Barr virus
Despite the advances in direct virus detection for other

members of the herpesvirus group the diagnosis of acute
Epstein-Barr virus infection by routine laboratories still
depends on the detection of heterophile (Paul-Bunnell)
antibodies and antibodies specific for Epstein-Barr virus in
serum. The Paul-Bunnell assay remains the front line screen-
ing test and can identify 85-95% of patients with infectious
mononucleosis during the first month of illness.36 It has
several different formats for measurement or qualitative
determination, but the most common assays today are the
rapid slide agglutination tests. These all depend on agglutina-
tion of horse or sheep erythrocytes by serum positive for
heterophile antibodies after treatment of the serum with
bovine or guinea pig kidney absorbent.
Though the Paul-Bunnell test is simple to perform and

inexpensive, it has several limitations -such as a false positive
rate of around 7%,3 with fewer than half of children under 5
years with acute infectious mononucleosis having detectable
heterophile antibodies.36 Greater sensitivity and specificity
can be achieved by testing for antibody specific for Epstein-
Barr virus, and commercial kits are available. These tests,
which recognise antibody responses to several distinct viral
antigens, are useful for resolving cases in which the infection
is suspected but the Paul-Bunnell test gives a negative result
and to help determine the state of the infection-that is,
whether it is current, recent, past, or reactivated.39 The tests
are based on immunofluorescence staining of lymphocytes
infected with Epstein-Barr virus and are therefore subjective
and rarely used outside the reference laboratory. Recently
some enzyme immunoassay kits that use part of the Epstein-
Barr virus associated nuclear antigen, EBNA-1, as capture
antigen have appeared on the market. They can detect anti-
EBNA IgM and anti-EBNA IgG with appropriate conjugates,
and the relative difference in antibody titres is used to
correlate with the stage of disease. The manufacturers (Ortho
Diagnostics, Buckinghamshire, and Clinical Sciences, New
Jersey, United States) claim that the kits have sensitivities of
98-8-100% and specificities of 94-98-6% compared with
western blot and immunofluorescence tests. The kits look
promising, although independent evaluations have yet to be
published.

Human immunodeficiency virus
Diagnosis of infection with HIV has made great progress

since the virus was discovered in 1983, and an array of
commercial tests is now available for detecting viral antigen
and antibody. The subject is too large to cover here but it has
been reviewed by Jackson and Balfour.4'
Most screening tests for HIV infection entail detecting HIV

antibody by using one of the commercially licensed enzyme
immunoassays. These kits use recombinant or partially
purified viral antigens bound to polystyrene beads or plastic
microtitre wells as the capture antigen and then use con-
ventional or competitive binding assays to detect serum IgG
and IgM antibodies to HIV. The sensitivity and specificity of
these kits are excellent when compared with the western blot
as the reference test; proportions above 98% were obtained
for both measures in one comparison of different kits.4'

Various rapid screening tests for detecting antibody have
become available recently. The assays work on the principle
of agglutination or dot immunobinding and give a visually
readable result within 30 minutes. The tests are particularly
suitable for use in developing countries, where enzyme
imrnunoassays may be impracticable. In one comparative
evaluation of five of these kits sensitivities ranged from 84-6%
to 99 1% and specificities from 92-7% to 98-8% compared
with the western blot assay.42
The western blot assay is the most sensitive of the tests for

detecting antibody to viral core proteins and the envelope
protein gp4l, though the radioimmunoprecipitation assay is
better for detecting antibody to HIV glycoproteins.4344 Use of
these tests is normally restricted to reference laboratories to
help confirm positive results detected during screening tests.
They are unsuitable for large scale use in regional laboratories,
however, because of their technical difficulty.
The principal limitation of antibody detection for diagnosis

of infection with HIV is the long lag phase that may exist
between infection and serocQnversion. This period is usually
less than two to three months but may last for years.43 Assays
to detect the virus directly either by antigen assay, virus
isolation, or DNA hybridisation testing may help to clarify
HIV state in high risk people during this "window" period. At
this stage, however, only the antigen assay is suitable for
routine use.
Commercial enzyme immunoassays for detecting antigen

are available from both Abbott Laboratories (Kent) and
DuPont de Nemours (Wilmington, United States). The kits
use polyclonal HIV antibody bound to polystyrene beads or
plastic microtitre wells to capture free antigen in the patient's
specimen, and the reaction is then detected with a double
sandwich enzyme immunoassay to produce a coloured end
product. The assay may be quantified by running it against
known amounts of HIV antigen to generate a standard curve.
In practice it detects mostly p24 core antigen because of the
much higher affinity the specific antibody for this antigen has
in relation to antibodies to the envelope proteins.46 Unfor-
tunately the test is an insensitive indicator of infection with
HIV, detecting antigen in the serum of only about a quarter to
a half of seropositive people, depending on clinical state.4
The assay is therefore unlikely to be of much use for
screening. In people with proved infection with HIV,
however, development of p24 antigenaemia is a useful
predictive marker for progression to AIDS, so the test may
find some application.48 49

Chlamydia trachomatis
Although Chlamydia trachomatis is a bacterial pathogen, we

have included it here because its laboratory diagnosis has
traditionally been made with cell culture, which has been the
responsibility of the virus laboratory in most centres.
Of all the microbial antigen detection tests developed in

recent years none has received more attention or been more
successfully adopted by testing laboratories than those now
available for C trachomatis. Kellogg provides a more detailed
discussion.

Isolation of C trachomatis in cell culture has long been
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recognised as the reference method with the highest sensitivity
and specificity. The test has, however, never been widely used
because of technical and other difficulties. 5' Antigen detection
kits became available from commercial sources about seven
years ago and have been extensively evaluated ever since. The
kits, which use either immunofluorescence or enzyme
immunoassay, have been used principally for diagnosing
genitourinary infections, and in most of these studies sensi-
tivities of 70-95% and specificities of 95-99% have been
reported." The variation in kit performance depends on a
host of factors such as the choice of kit, population sampled,
and the skill of both the specimen collector and the technician.
Immunofluorescence has the advantages over enzyme
immunoassay oflow cost, good quality assurance of specimen,
rapid testing (results available within 30-60 minutes), and
marginally btter performance profiles. It is unsuitable for
processing many specimens a day, however, and reliable
interpretation of fluorescence microscopy requires at least six
months' training in detecting chlamydial elementary bodies.
At least six immunofluorescence kits are now available
commercially. Most comparisons suggest that the Syva
MicroTrak test (Syva Company, Palo Alto, United States)
gives better results, and a recent study of the brightness,
consistency, and specificity of staining against 14 different
serovars of the organism confirmed its superiority.52 Of the
various enzyme immunoassay kits only Chlamydiazyme
(Abbott) has been thoroughly evaluated. Its principal dis-
advantage stems from the use of a polyclonal antiserum,
which can give reduced specificity owing to cross reaction
with lipopolysaccharides of various Gram negative bacteria.5'
An enzyme immunoassay that uses monclonal antibodies and
was released recently by Pharmacia (Middlesex) may prove to
be better."

Evaluation of the antigen detection tests for diagnosing
extragenital infection is limited. The Syva kit seems to work
well on conjunctival specimens51 but is likely to be unsatis-
factory for detecting the organism from nasopharyngeal
specimens from infants.' Recently the possibility that the
organism shares an antigen from its major outer membrane
with strains of parainfluenza 2 virus has been raised. If this
observation is confirmed additional tests to check specificity
would be required. Special mention should be given to the use
of these tests in evaluating suspected abuse in children.
Both the Chlamydiazyme and Syva tests have been found
wanting,5- and given the potential medicolegal implications
of such forensic test results culture is the only option at
present. Finally, as an aid in the diagnosis of trachoma antigen
detection tests seem to be insufficiently sensitive because of
the cryptic nature of the chlamydial infection, and diagnosis
by using a DNA probe may be better.

New diagnostic approaches
Reports on new techniques to improve sensitivity, specifi-

city, or the speed of diagnostic tests appear constantly, and it
is difficult to determine which have genuine merit and will
stand the test of time.

Detection of microbial antigen by using polyclonal or
monoclonal antibodies in conventional enzyme immunoassays
and immunofluorescence assays has been examined exhaus-
tively, and this technology is probably now close to its
ultimate performance levels in terms of sensitivity and
specifcity.
A novel detection method that deserves further evaluation

is that of time resolved fluoroimmunoassay. In this technique
time lapse fluorometry of lanthanide chelates conjugated to
antibody permits detection of minute quantities of protein
antigen. The lower limit of sensitivity is about 10 pg of

protein,i which is 100-1000 times less than that detectable
with conventional conjugates."' It is not clear whether this will
translate into enhanced detection rates in clinical specimens,
but preliminary evidence suggests that improvements over
the standard assays may be significant.i
The most exciting new development, however, is detection

of DNA after amplification with the polymerase chain
reaction. Detection of specific DNA by conventional methods
that use hybridisation of target DNA to a labelled probe has
had limited success as a diagnostic tool because of insensitivity
(about 106 molecules of target DNA are required).i The
polymerase chain reaction is, however, theoretically capable
of amplifying a DNA segment from a single gene copy to a
level that is readily detectable by conventional means such as
ethidium bromide staining or hybridisation. In practice, a
figure of 0 15 fg of DNA, equivalent to about six gene copies,
has been detected in the case of cytomegalovirus.69 Viruses
that cannot be isolated by routine culture are good candidates
for diagnosis by this technique: HIV, papillomavirus,
hepatitis B virus, and the papovaviruses BK virus and JC
virus are examples.6669
Though the polymerase chain reaction looks promising as a

rapid and highly sensitive alternative to conventional methods
of diagnosis, important problems have to be solved before its
routine use becomes practicable. The test is so sensitive
that contamination of samples with stray DNA from the
laboratory may generate false positive results. The problem
can be detected by running negative controls alongside the
test samples but a solution may prove more difficult. (The
polymerase chain reaction assay may even need to be run in a
building remote from the one in which the reagents are
generated-a luxury that few laboratories would have avail-
able.)

Another difficulty is that of determining the importance of
a positive result. Distinction between DNA levels in health
and in disease has not been made, and though for most acute
viral diseases this is not an issue, the same is not true in
chronic disease. Papillomavirus type 16 provides a good
example: the polymerase chain reaction assay has shown it to
occur in the cervix of over four fifths of women with normal
cervical cytology and in every biopsy specimen ofwomen with
cervical cancer.6 The dilemma here seems to have been
resolved by the recent discovery of subtypes ofpapillomavirus
type 16-a and b-one of which was strongly associated with
samples from women with carcinoma of the cervix. In the
absence of such discoveries, however, the importance of a
positive polymerase chain reaction result may remain un-
certain. Selection of the specific segment of DNA to be
amplified is clearly going to be critical.

Finally, the potential application of the polymerase chain
reaction in mass screening is limited because the procedures
used for detecting the reaction products are laborious.
Recently a colorimetric assay has been described for this, and
it should be adaptable for use in a microtitre tray.' Whether
such a format will control the problem of contamination
remains to be seen.

Conclusion
Diagnosis of viral infection has come far since the days

when isolation of the agent in cell culture and retrospective
serology were the only options. For many of the commonly
encountered viruses simple and reliable tests are now available
in kit form from commercial sources and are suitable for use
by smaller laboratories that may lack the equipment or skill
required hitherto. As a group the respiratory viruses have
remained refractory to detection by this approach, and the
most prevalent causes of the common cold (rhinovirus and
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coronavirus) cannot be diagnosed at all in this way. Neverthe-
less, for viruses such as respiratory syncytial virus and
rotavirus, which regularly cause sizable epidemics in winter,
the antigen detection tests have become essential for both
infection control and epidemiological purposes. Similarly, for
the herpesviruses and C trachomatis, for which effective
treatments are available, rapid diagnosis by these tests is
making an important contribution to improved management
and reduced morbidity of patients.
More sensitive methods of detecting both antigen and

DNA are being developed. They hold much promise for the
future, especially for those viruses for which present methods

are unsatisfactory or unwieldy. Though predicting future
trends is always hazardous, we think that DNA detection
assays after amplification by the polymerase chain reaction
will become commonplace once the current glitches have been
sorted out. Given the pace of modern technology, that should
occur well before 2000.
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