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Summary

With the recent, rapid advances in recombinant DNA technology, it
has become possible to consider the use of nucleic acid probes in diagnosis
of human viral diseases. Several examples are discussed which employ
techniques of dot blot hybridization, sandwich hybridization and in situ
hybridization. Typing of viral strains using restriction endonuclease digestion
as an epidemiological tool is considered. Finally, the present limitations of
molecular hybridization are discussed, and future developments including
the production of non-radioactively labeled probes, are assessed.

Introduetion

Recent advances in the area of recombinant DNA technology have led
to the possibility of using nucleic acid probes in the diagnosis of wviral
infections in man. Integrated viral sequences may be assayed, viral nucleic
acids quantitated and epidemiology carried out on a molecular level. Hybrid-
ization methods may be applied to aetiopathogenic studies particularly to
viral infections where viral genome is the only remaining evidence of virus
infection acquired in the distant past. In addition, techniques of in situ
hybridization permit viral nucleic acid to be detected in spegific cells of a
tissue section. The specificity and speed of hybridization should allow this
method to be a valuable adjunct to the conventional methods used at present,
such as infection of susceptible cells and growth of virus in tissue culture,
electron microscopy of specimens, examination for viral antigens by using
immunofluorescence or immunoenzyme conjugates, radioimmunoassay or
ELISA, and serological assays (1, 16).
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Three methods of recombinant DNA technology have important appli-
cations for viral diagnosis. These are molecular cloning, nucleic acid hybrid-
ization and the use of restriction enzymes to cut DNA at specific sites (20,
34). This paper outlines some of the methods currently used to prepare the
viral nucleic acid probes; then consideration is given to several methods of
rapid diagnosis, viral histopathology and epidemiological studies using such
reagents. Finally, the future of such a molecular approach is discussed.

Preparation of Nucleic Acid Probes

Molecular cloning procedures have been especially useful for obtaining
abundant supplies of those viral nucleic acid probes which cannot be
propagated in tissue culture systems, such as hepatitis B virus (HBV) and
human papilloma virus (HPV). These two viruses which have genomes of
less than 10 kilobases have been cloned using plasmid vectors (5, 12, 17, 30).
With larger M.W. viral DNAs, a collection of recombinant plasmids, bacteri-
ophage or cosmid clones have been made containing viral DNA fragments
which collectively represent the entire genome. Some of the human viral
genomes that have been cloned in this way are vaccinia (3), cytomegalovirus
(CMV) (21), Herpes simplex virus type 1 (HSV-1) (25) and type 2 (HSV-2)
(24), Epstein-Barr virus (EBV) (57) and adenovirus (50). The cloned viral
DNA fragments can be further digested with restriction endonucleases and
then sub-cloned into plasmid vectors. The collection of different cloned
fragments, called genomic libraries, are an important source of defined and
undefined DNA sequences for mapping and use as diagnostic probes.
Whereas plasmids, most bacteriophages and cosmids yield double-stranded
{(ds) recombinant probes, single-stranded (ss) recombinant probes ean be
obtained using M 13 phage systems (41).

DNA probes also have been obtained from RNA viruses such as rota-
virus (51) and influenza A (13) by synthesizing a complementary DNA
(eDNA) from the viral RNA using the enzyme “‘reverse transcriptase’.
After synthesizing the homologous strand, the ¢cDNA can be inserted into
a bacterial plasmid or phage and molecularly cloned to produce recombinant
DNA probes.

Viral diagnostic probes are also prepared directly from viruses which
have been propagated in eukaryotic cell-culture systems (43). However, the
disadvantages of using eukaryotic cells are that the yield of virus from
productive infections may be very low and viral nucleic acids may be
contaminated with cellular nucleic acids during the isolation procedure.
Extensive genomic drift also may occur on prolonged maintenance of virus
in culture especially for RNA viruses (27).

Applications to Rapid Diagnosis

Several methods have been published reeently which illustrate the
potential of using nucleic acid probes in viral diagnosis. In all of these,
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Table 1. Comparison of conventional detection methods and hybridization

Virus group

Conventional detection

Detection by hybridization
and RE fragment analysis

Refs.

CMV

HSV

EBV

Adenovirus

HBV

HPV

Rotavirus

Growth in tissue culture
{several weeks) or EM. No
method of distinguishing
types.

Growth in tissue culture
(several days), EM, IF,
RIA or ELISA. Types dis-
tinguished serologically or
by biological properties.

Heterophil antibody test,
abnormal large lympho-
cytes, IF and CF.

Growth in tissue culture
(several days), RTA or IF.
Types distinguished by
neutralization or CF.

Antigens and antibodies de-
tected by RIA and ELISA.

No cell culture system

availableto propogate virus.

Free virus detected by EM
or IF but difficult to find.
No cell culture system

available to propogatevirus.

Detection by EM, PAGE,
RIA or ELISA.

Dot blot hybridization (24
hours), 5 pg vDNA detect-
able, quantitative. Analysis
of type by RE digestion.
Dot blot hybridization (20
hours), vDNA from less
than 103 cells detectable.
Analysis of type by RE
digestion or by membrane
hybridization under differ-
ent conditions.

Dot blot hybridization, 6 pg

vDNA  detectable (20
hours).

Sandwich  hybridization
{several hours), 0.2 ng

vDNA detectable. Analysis
of type by RE digestion or
by hybridization under dif-
ferent conditions.

Dot blot hybridization (24
hours).

1—10 pg vDNA dstectable,
quantitative.

Southern blotting and hy-
bridization after RE di-
gestion (48 hours).
Integrated and free vDNA
detectable.

Analysis of type by RE
digestion.

Southern blotting and hy-
bridization under different
conditions.

Dot blot hybridization (sev-
eral hours), 8 pg vRNA
detectable, 10100 X more
sensitive than ELISA. Anal-
ysis of type by Northern
blotting under different
conditions of hybridization.

1, 5, 28,
48

49

10, 26, 32

1, 14, 39,
52, 53

8, 44

17, 18

30, 33

22

51

v viral; EM electron microscopy; ELISA enzyme linked immunosorbent assay;
IF immunofluorescence; RIA radioimmunoassay:; CF complement fixation; RE
restriction endonuclease; PAGE polyacrylamide gel electrophoresis
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radioactively labeled probes have been prepared and used for DNA-DNA
hybridization in solution or on a solid support. A comparison of conventional
and hybridization procedures for the detection of several different viral
groups is summarized in Table 1.

One of the first reports on the use of hybridization to type HSV isolates
was by Bravricam et al. (7); DNA-DNA hybridization was performed in
solution with the products being analyzed by hydroxyapatite chromato-
graphy. A simpler hybridization method which can detect and type HSV
DNA from less than a 1000 infected cells has since been described (49), DNA
extracted from cells grown in one roller tube was alkali-denatured and
immobilized on nitrocellulose membranes by dot blotting. This enabled a
large number of samples to be processed simultaneously. A probe was made
from 32P-labeled DNA fragment of HSV-1. Low stringent washing of mem-
branes after hybridization permitted the detection of both HSV-1 and HSV-2.
Rewashing of membranes under conditions of high stringency, where only
a few base mis-matches are tolerated (1), allowed discrimination between
types 1 and 2 as no hybridization occurred with the latter. In this study, a
HindI1I-EcoRI DNA {fragment was used as probe although its precise
location in the HSV genome was not known (49). HSV probes for hybridization
need to be selected with care as HSV-1 fragments cross-hybridize to HSV-2
with varying degrees (37) and homologies may oceur between viral DNA
of the herpes group and cellular DNA (and mRNAs) (38). Traditionally,
HSYV isolates are typed by determining differences in biological properties
which are not always clear cut. Serological assays are also used and recently,
monoclonal antibodies have been produced that can distinguish between
HSV types 1 and 2 (35).

Other dot blot hybridizations have been carried out successfully. In
1980, BraxwpsMa and MILLER reported the screening of lymphoid cells for
the presence of EBV (6). The cells were spotted on nitrocellulose filters, the
DNA denatured and hybridization carried out with EBV-DNA, radiolabeled
by nick translation. The sensitivity was 0.06 to 0.6 genome equivalents per
cell and the method quantitative. Hybridizations are of particular importance
in the study of viral infections such as EBV in which the infection is either
nonproductive or virions are released in low quantity.

Frorzs et al. (22) described a dot blot technique for rotaviruses which are
normally detected by electron microscopy, analysis of RNA on poly-
acrylamide gel electrophoresis, RIA or ELISA. The stool specimens were
pre-treated with fluorocarbon and extracted with phenol before denaturation
by boiling and dotting on nitrocellulose membranes. However, it was also
shown that the pre-treatment procedures, apart from boiling, were not
essential. Hybridization was carried out using ss rotavirus RNA labeled
with 32P-GTP by ¢n vitro transcription or with 1251 by chemical iodination.
Good correlation was obtained with diagnosis by other methods. There was
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sutficient cross-homology between different strains of rotavirus that detection
of unknown strains in the specimens was possible. Asymptomatic carriers
were found. The limit of detection of 8 pg of viral RNA was 10 to 100 times
more sensitive than the ELISA test. Although the dot blot was very sensitive
and enabled rapid screening of a large number of samples, it lacked specificity
within the rotavirus genus (22). Information on the diversity of strainscan
be further obtained by polyacrylamide gel electrophoresis and Northern blot
hybridization as human strains differ in their RNA migration patterns (51).

Increasingly, programs are being undertaken to screen for the presence
of CMV in urine or other specimens from immunosuppressed patients who
are receiving bone marrow, heart and kidney transplants. By conventional
methods of in vitro culture, clinical CMV isolates often produce recognizable
cytopathic effects only after several weeks and quantitation by plaque assay
is too slow to be of any benefit to a patient receiving therapy. Recently, a
dot blot technique has been used to detect human CMV in urine samples
that were clarified, then ultracentrifuged to deposit any virus (1, 15). The
pellet was alkali-denatured, neutralized and immobilized on nitrocellulose
filters before hybridization was carried out with a 32P-labeled CMV DNA
probe containing an BcoR I fragment representing 1/10 of the viral genome.
This assay was rapid (being completed in one day), sensitive (detecting
5 pg viral DNA) and quantitative so that the impact of antiviral therapy on
the patient could be easily measured. A similar dot blot procedure has been
usged to detect adenovirus types (1, 14), HSV types (49), HBV (4) and entero-
viruses (29) in biological specimens.

A different hybridization system has been described to detect HBV
DNA in liver and serum and to determine the presence of integrated and
free viral DNA in liver cells (8). DNA was extracted from needle biopsies
of liver; some was digested with the resfriction endonuclease HindI11, and
the fragments separated by electrophoresis on agarose before being transferred
to a nitrocellulose membrane by the Southern blot technique (47). The
hybridization was carried out using cloned HBV DNA labeled with 32P by
nick translation and denatured. One band (3.2 kilobase position) was found
in the HindIll digested and undigested samples from all HBe antigen-
positive patients which demonstrated unintegrated viral DNA. In addition,
bands corresponding to high M.W. DNA were found in some digested
samples indicating integration of HBV sequences. Serum samples were
phenol extfracted and assayed in a similar manner for free viral DNA. This
was a more sensitive assay for serum infectivity than radioimmunoassay
for HBe antigen. Thus, viral DNA replication, serum infectivity, integration,
and the early stages of infection and its progression may be studied using
hybridization. Also, the selection and monitoring of patients for antiviral
therapy can be better assessed as it seems unlikely that drugs such as adenine
arabinoside or interferon could affect integrated viral genomes. Recently,
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the state of HBV DNA in various childhood liver diseases has been examined
in a similar way (44).

A new test called sandwich hybridization has been described which is
an adaptation of the dot blot hybridization (1, 39, 52). This has been applied
to the detection of adenovirus in nasopharyngeal mucus aspirates. To test
for subgroup C viruses, a fragment (2942 per cent map position) of cloned
adeno-2 was denatured and immobilized on nitrocellulose filters. It was
hybridized with denatured DNA from the aspirate in the presence of the
probe, 1%5]-labeled ss adeno-2 fragment (42—45.3 per cent map position)
which had been cloned in the phage M 13 mp7 (39). Where the aspirate DNA
was homologous to adeno-2, it annealed to both filter and probe, thus
binding the probe to the filter. The sensitivity of the technique (5x10%
molecules or 0.2 ng of adenovirus DNA) was similar to that of a radio-
immuncassay for viral hexon protein (1). It is possible to manipulate the
probes so that reagents may be prepared with either group or strain specificity
and the technique is quantitative if suitable standards are available (1, 39, 52).

Human leukemias and lymphomas are currently being surveyed for
sequences homologous to human T-cell leukemia virus DNA using probes
prepared from the viral genome and provirus (56).

Applications to Viral Histopathology

Although in situ hybridization is not applied at the moment to rapid
viral diagnosis, several examples illustrate its potential and its present use
in histopathology. It is of particular value where a small proportion of cells
in a population is infected or where the histological and pathological picture
can be correlated with the distribution of viral genomes. In addition to loca-
lization of viral genomes, expression of viral mRNA may be monitored.

BURRELL et al. (11) used in situ hybridization to examine the replication
of HBV in liver sections from patients with chronic hepatitis. 3H-labeled
cloned HBV DNA was used as a probe to detect HBYV DNA in single cells.
They were able to show focal infection suggesting cell-to-cell spread of virus,
and an association between HBYV replication and bepatocyte injury at the
cellular level. From these results they suggested that patients showing spread
of virug would be the ones most likely to benefit from treatment with anti-
viral agents.

Some work has been done to detect viral genomes in various neurological
conditions of unknown etiology using in sitw hybridization. SEQUIERA ef
al. (45) showed that HSV type 1 DNA was present in cells from brain smears
of several patients who had died with chronic psychiatric illness and neuro-
pathological changes. In a similar way HSV mRNA was detected in ganglion
cells in sections of paravertebral sympathetic ganglia at autopsy (23). Only
a small percentage of neurons within the ganglia were positive. In situ
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hybridization has also been used to detect viral DNA or mRNA in various
neoplasms such as epidermodyplasia verruciformis (36), Burkitt’s lymphoma
(68), nasopharyngeal carcinoma (55) and cervical carcinoma (19).

The biggest drawback at the moment to using ¢n sitw hybridization as a
tool for rapid viral diagnosis is the time taken for the auftoradiograph to
develop to visualize viruses in tissue sections. This may be in the order of
several days for 1251 and 32P probes, and up to several months for 3H probes.
If labeling with non-radioactive reagents such as antisera to nucleic acid
hybrids (40), biotin (31) or fluorochrome (2) can be further developed, then
more applications for in situ hybridization would become apparent. A start
has been made in this divection by BricatI ef al. (9) who reported the use
of biotin-labeled DNA or RNA probes to detect viral genomes both in tissue
culbure (parvovirus, polyomavirus, HSV, adenovirus, retrovirus) and in
paraffin sections of tissue (HSV and adenovirus). The whole procedure was
completed in less than 24 hours, although the sensitivity was not equal, as
yet, to autoradiographic methods.

Applications to Viral Epidemiology

It is often important to be able to trace the source of a virus which causes
an infection, to test the relatedness of different strains or to follow the
genomic changes over a period of time. Restriction endonuclease digestion
followed by electrophoretic separation of fragments has allowed such studies
to be made in recent years. This may be allied to Southern and Northern
blotting, and subsequent hybridization with nucleic acid probes.

As serological reagents which are able to distinguish between types of
CMV are not available, molecular epidemiological studies have provided
valuable information in this area. Restriction endonuclease digestion of
CMYV from random clinical isolates has indicated that no 2 viruses generate
the same pattern of DNA fragments, if more than one enzyme is used. Thus,
Huaxg et al. (28) showed that endogenous virus carried by mothers during
pregnancy was the most frequent source of recurrent infection, and of
transmission to their babies. Re-infection with another strain occurred
rarely. In much the same way SprEcTor (48) demonstrated that CMV could
be spread from one baby who had viruria to another in a hospital environ-
ment. This result has obvious implications for management of patients in
renal and bone marrow transplant units and in pediatric wards.

HSYV isolates have also been typed (32) and classified using restriction
endonuclease digestion (1) as have some adenoviruses which are not clearly
identified by serological methods (53). Genome mapping has provided
valuable information about the source of herpetic infection in nosocomial
outbreaks (10) in temporal clusters of encephalitis cases (26) and in moni-
toring transmission of virus from one patient to another (46).
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The analysis of diversity in strains of viruses has been illustrated by
human rotaviruses isolated over a period of several years (51). The segmented
viral RN As were separated by polyacrylamide gel electrophoresis, transferred
by Northern blotting to diazobenzyloxymethyl (DBM) paper and hybridized
with ¢DNA probes under conditions of low stringency (34 per cent base
mig-match tolerated) and high stringency (no more than 8 per cent base
mis-match tolerated). A distinet advantage of using DBM paper instead
of nitrocellulose paper is that it may be used with various probes. This
method permits strains to be compared in retrospect or as new clones become
available. In addition, RNA electrophoretic patterns of viral isolates can
be visualized directly on gels by using ethidium bromide or a sensitive silver
staining procedure (54).

A further example of the use of hybridization and restriction endo-
nuclease analysis has been to distinguish human papilloma virus (HPV)
types of which 25 are presently recognized and to associate each with a
particular type of lesion (18, 33). The recent discovery of HPV-16 in cervical
tumors of women using molecularly cloned viral DNA probes, HPV-6 or
HPV-11, demonstrates the value of employing hybridization conditions of
varying stringencies to detect and isolate new types of virus (18). Free HPV
has not been found in cervical tumors using traditional techniques of viral
diagnosis, such as EM, immunofluorescence or cell culture systems to
propogate virus. On the other hand, many cases of non-productive viral
infection and new types of virus (HPV-6, 10, 11, 16 and 18) have been
identified in cervical disease using recombinant DNA procedures (42).

Present Limitotions and Future Developments

This review has illustrated the significant contribution which molecular
hybridization and restriction enzyme fragment analysis can malke to diagnostic
virology and the examples given indicate the wide ranging applications in
this area, especially when allied with other techniques. Cloning and charac-
terization of the recombinant DNAs for use as diagnostic probes involve
methods which are complex and time-consuming. It is clear that their
preparation will be done in research centers and molecular biology companies.
The availability of commercial diagnostic kits should enable hybridization
techniques to become valuable adjuncts to the more traditional diagnostic
methods.

At the moment, probes are normally radio-labeled to high specific
activity with y-emitters. This procedure is expensive, produces probes of
short half-life and creates difficulties in handling in a routine diagnostic
laboratory. The replacement of the radioactive label by other tracer
substances of at least equal sensitivity is an obvious area for development.
This should enable preparations of safer and more convenient reagents which
are better suited to a diagnostic laboratory. Three alternatives are currently
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being tested. The first is to use antibodies against the nucleic acid hybrids
which would then be detected by immunocytochemistry or ELISA (40).
Secondly, biotin can be covalently attached to the C-5 of pyrimidine and
incorporated into the probe in witro. This may then be detected using
immunofluorescence, immunoperoxidase, avidin conjugated to an enzyme
or affinity chromatography, based on the specific interaction between
biotin and antibiotin IgG or avidin (31). Thirdly, fluorescein and rhodamine
have been coupled to the 3'-terminus of the probe giving advantages in
speed and resolving power for in situ hybridizations (2).

It would be useful if nucleic acid probes could be generated with various
specificities, such as group, type or “‘virulence”, and these quantitated under
hybridization conditions of varying stringencies. Such methods are of
special interest when viruses cannot be cultured in witro, when they grow
very slowly, when there are no antigenic markers to type them or when
numbers of samples are very large. Dots of specimen DNAs or RNAs may
be prepared in countries not equipped to do hybridizations and then posted
to some central laboratory where the probes are available. Pre-treatment of
samples before application to nitrocellulose paperleads to some extra work but
has not proved essential in some systems. A distinct advantage of dot blotting
is that it allows viral sequences to be assayed either singly or as numerous
samples, simultaneously. In sitw hybridization techniques may have
important applications in the field of histopathology, especially if paraffin
embedded sections of tissue can be used. Integrated viral genomes can be
detected which may not be expressed and therefore not demonstrable by
other methods. Such studies, including the ability to characterize single
cells in a tissue section, may be particularly useful in the area of tumor
etiology and in disorders of unknown etiology.

Epidemiology using restriction endonuclease digestion and molecular
hybridization has revealed important information for virus groups which
cannot readily be typed in other ways or for which detailed genetic analysis
is required. The way is now clear for antigenic relatedness, genetic mapping
and pathogenesis to be compared and correlated.
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