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We have introduced a time-resolved fluorometry (TRF)-based microwell hybridization assay for PCR prod-
ucts in detection of herpes simplex virus (HSV) in cerebrospinal fluid (CSF) specimens. TRF is a sensitive
nonradioactive detection technique which involves the use of lanthanide chelates as fluorescent labels. We used
PCR primers from the glycoprotein D genes of HSV type 1 (HSV-1) and HSV-2. The biotinylated PCR products
were collected on streptavidin-coated microtitration wells and hybridized with short oligonucleotide probes,
europium labeled for HSV-1 and samarium labeled for HSV-2. The TRF results were obtained as counts per
second and as signal-to-noise (S/N) ratios. The sensitivity of the assay was 0.1 infectious units (PFU) of HSV
in CSF specimens, and the S/N values increased with the virus amount, up to 68.5 for 10> PFU of HSV-1 and
to 58.5 for 10° PFU of HSV-2, allowing semiquantitation of HSV in CSF. The primers and probes recognized
all the studied 48 HSV wild-type samples, with S/N ratios of 12.4 to 190 (HSV-1) and 5.1 to 248 (HSV-2). We
tested CSF specimens, 100 for each HSV type, which were HSV PCR negative by Southern blot and 22 CSF
specimens which were HSV-1 or -2 PCR blot positive. In the TRF test, the mean S/N ratio for the HSV-1-
negative CSF was 1.37 (standard deviation [SD] = 0.513) and for the HSV-2-negative CSF it was 1.03 (SD =
0.098). The HSV-1 blot-positive CSF yielded S/N ratios of 3.6 to 85.9, and the HSV-2 blot-positive CSF yielded
ratios from 1.9 to 13. Using the mean S/N ratio for negative CSF specimens + 3 SD as the cutoff yielded all
the previously HSV-positive specimens as TRF positive. The TRF PCR assay for HSV in CSF specimens is a

rapid and sensitive method, improves interpretation of PCR results, and is well suited for automation.

PCR has been successfully used in laboratory diagnosis of
the central nervous system infections caused by herpes simplex
virus (HSV) (1, 12, 18, 19). The availability of effective agents
against HSV infections emphasizes the need for sensitive and
rapid diagnostic methods. As an alternative to the conven-
tional laboratory techniques, PCR has been considered as the
new standard for the diagnosis of the HSV infections of the
central nervous system (13, 16, 24). Its applicability as a diag-
nostic method is not affected by antiviral therapy, since it is
shown that the viral DNA remains well detectable by PCR also
during the first days of acyclovir treatment (17).

The detection of PCR products has been based on Southern
hybridization using radiolabeled (13) or nonradioactive probes
(7). Several microwell assays have been applied to the detec-
tion of PCR products, many of these utilizing the biotin-
streptavidin interaction for capture of the PCR product and
digoxigenin (DIG)-based systems for detection (24, 25). Re-
cently, fluorescent dye-based quantitative techniques have
been introduced for the detection and typing of HSV in clinical
samples (20).

Time-resolved fluorometry (TRF) technology provides
highly sensitive, nonradioactive detection methods, utilizing
the long-lived fluorescence of lanthanide ions, such as eu-
ropium (Eu**) and samarium (Sm>*) (10, 15). The detection
of the lanthanide fluorescence after a time delay, leading to
decay of background fluorescence, highly increases the sensi-
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tivity of the assays (22). TRF technology has been applied to
direct detection of viral DNA (2) and to detection of PCR
products in assays for human immunodeficiency virus type 1
(3), human T-cell lymphoma virus types 1 and 2 (11), adeno-
viruses (8), and picornaviruses (6, 14). The advantages of the
TRF methods include high sensitivity, use of microwell for-
mats, and potential for quantitation as well as for use of mul-
tiple labels in the same assay (21).

In the present study we describe a TRF technology-based
PCR assay for detection of herpes simplex virus type 1
(HSV-1) and HSV-2 in cerebrospinal fluid (CSF) specimens.
In this assay, the biotinylated PCR products are collected onto
streptavidin-coated microtitration wells and the hybridization
is carried out by use of probes labeled with europium (for
HSV-1) and samarium (for HSV-2).

MATERIALS AND METHODS

Samples. The CSF specimens were obtained from patients with suspected viral
meningitis or encephalitis, mainly from hospitals in southwestern Finland. The
samples were submitted to the Department of Virology, University of Turku, for
PCR testing for HSV in the CSF. Samples with visible blood contamination were
not included in the study. For each PCR test, 100 pl of CSF was boiled for 10
min, the DNA was recovered by ethanol precipitation (1), dissolved in 20 ul of
PCR-grade water, and boiled again for 10 min immediately before testing. The
samples were stored at —70°C in ethanol, when necessary.

The non-CSF clinical specimens, used for validation of the HSV primers and
probes, consisted of cervix and vesicle swabs. Twenty-four of them were positive
for HSV-1 and 24 were positive for HSV-2 in a rapid culture detection assay (26).
All these specimens were derived from the Department of Virology, University
of Turku, where they were originally tested and stored at —20°C. For PCR
analysis, 10 wl of the clinical specimen, diluted with 90 wl of PCR-grade water
(total volume, 100 pl) was boiled for 10 min, and then the DNA was precipitated
by ethanol (1). The pellet was dissolved in 20 pl of PCR-grade water and boiled
for 10 min before being added to the PCR mixture.

As positive controls, dilutions of HSV-1 virions, strain F (made from a high-
titer stock [1.38 X 10° PFU/ml), and HSV-2 virions, strain G (10° PFU/ml), were
used. The virus strains were from the American Type Culture Collection.
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TABLE 1. PCR primers and probes used in this study

Code Sequence® Location

HS1D-1 Primer 5'-ATCACGGTAGCCCGGCCGTGTGACA gD-123-47¢

Bio-HS1D-4 Primer 5'-Bio-CATACCGGAACGCACCACACAA gD-1243-222

HS2D-1 Primer 5'-GCGGACCCACCGCACCACCATACTC gD-2 69-93

Bio-HS2D-4 Primer 5'-Bio-ACGGCGACTAGTGGTTCGCAATGCA gD-2241-217

Eu-647 TRF probe 5'-TTATCCTTAAGGT-Eu gD-1204-216

Sm-644 TRF probe 5'-GAGTATAATAGAG-Sm gD-2158-170

HS1D-5 Southern hybridization probe 5'-TACGAGGAGGAGGGGTATAACAAAGTCTGT gD-1 100129, gD-2 146-177°
Target for HSV-1 probe 5'-Bio-AGAGACCTTAAGGATAACTG gD-1220-201

Target for HSV-2 probe 5'-Bio-AAGACTCTATTATACTCCTC gD-2 174-155

“ Nucleotide numbers as in the GenBank files Hs1gd.Gb_vi and Hs2gd.Gb vi, respectively.

b Incompletely matching sequence.
¢ Bio, biotinylation; Eu, europium label; Sm, samarium label.

PCR primers and probes. Primer sequences for HSV-1 and -2 were from the
glycoprotein D (gD) gene (Table 1). The HSV-1 primer pair was the same as the
outer primer pair described by Aurelius et al. (1). The HSV-2 primer pair was
selected from the corresponding region of the gD-2 gene, so that the same
oligonucleotide probe (HS1D-5 [reference 1]) could be used for Southern hy-
bridization. The short probes for the TRF hybridization were selected from the
gD region, with an aim to differentiate the HSV types. The short probes had
equal melting temperatures. Biotinylated oligonucleotide targets, representing
the probe-binding sequences of the PCR products, were used in adjustment of
the hybridization conditions. The primers and probes as well as the target
sequences are presented in Table 1.

Oligonucleotide synthesis. Oligonucleotide probes, primers, and targets were
synthesized using phosphoramidite chemistry in an ABI 392 DNA/RNA synthe-
sizer. For labeling purposes, 20 diaminohexane-modified deoxycytidine phos-
phoramidites (23) were coupled to the 5’ end of probes at the end of synthesis
and 1 was coupled to the 5’ end of primers as well as to the targets. Oligonu-
cleotides were purified by polyacrylamide gel electrophoresis using urea as a
denaturing agent.

Labeling of oligonucleotides. For labeling, 50 g of oligonucleotide was dried
down and dissolved in 1 mM EDTA-50 mM Na,CO; buffer, pH 9.8. Labeling
was carried out in an overnight reaction at room temperature using a 50-fold
molar excess of active biotin (Sigma, St. Louis, Mo.) and a 12-fold molar excess
of active Eu or Sm chelate (10) with regard to the amino groups for biotinylation
and lanthanide labeling, respectively. The biotinylated oligonucleotides were
purified by high-performance liquid chromatography in a reverse-phase column
(PepRPC HR 5/5; Pharmacia, Uppsala, Sweden). Purification of probes from the
labeling mixture was done by ethanol precipitation followed by gel filtration in a
Sephadex G-50 DNA grade column (Pharmacia).

PCR protocol. The total PCR volume was 100 pl. The PCR mixture contained
a 200 pM concentration (each) of the deoxyribonucleoside triphosphates (Phar-
macia, Sweden), 20 pmol (each) of the appropriate primers, and 2 U of the
DyNAzyme thermostable DNA polymerase (Finnzymes, Espoo, Finland). The
buffer was the commercial DyNAzyme II buffer. Each sample was boiled in a
volume of 20 pl before adding to the PCR.

The reaction mixture was covered with 100 pl of mineral oil. After an initial
PCR cycle (95°C for 5 min, 55°C for 30 s, and 72°C for 60 s), the remaining 39
cycles were run similarly except that the 95°C incubation was reduced to 30 s and
during the last cycle the 72°C step was extended to 5 min. The Perkin-Elmer
DNA thermal cycler was used. The PCR products were subjected to TRF hy-
bridization (see below), but a 25-pl fraction was electrophoresed in 2% agarose
gels, and this was followed by Southern hybridization. Blotting was done on a
GeneScreen Plus (NEN DuPont) nylon filter, and hybridization was performed
using a DIG-labeled oligonucleotide probe (10 pmol/ml; HS1D-5) (Table 1) at
temperature of 55°C. The hybridization buffer contained 25% deionized form-
amide, 3X SSC (1x SSC is 0.15 M NaCl plus 0.015 M sodium citrate, pH 7.0),
1% sodium dodecyl sulfate, 10% dextran sulfate, 5X Denhardt’s solution, and
200 g of single stranded DNA (DNA from herring testes; Sigma) per ml. After
hybridization, the membranes were washed three times for 30 min at 52°C in 2X
SSC-1% sodium dodecyl sulfate, subjected to DIG detection using CSPD re-
agent (Roche Molecular Biochemicals), and exposed to X-ray film at room
temperature for 4 to 30 min.

Time-resolved hybridization assay. TRF hybridization was carried out in so-
lution using two short oligonucleotide probes, the HSV-1 probe (Eu-647) and the
HSV-2 probe (Sm-644). For detection, 10 ul of each PCR product was added to
streptavidin-coated wells (three parallel wells per specimen) together with 50 .l
of DELFIA assay buffer (Wallac Oy, Turku, Finland). The amplified, biotinyl-
ated DNA was collected during 30 min of shaking on a Wallac DELFIA plate
shaker. The wells were washed four times in an automated washer (Wallac plate
washer) using 1X DELFIA wash concentrate. The bound DNA was denaturated
by adding 150 wl of 50 mM NaOH per well and incubating on a shaker for 5 min
at room temperature (25°C). Finally, wells were washed again four times, and

100 pl of hybridization solution was added per well. Hybridization was carried
out for 2 h at room temperature in assay buffer adjusted to 1 M NaCl and 0.1%
Tween 20, containing 3 ng of Eu-647 (HSV-1 probe) per well or 5 ng of Sm-644
(HSV-2 probe) per well. The wells were washed six times, and 150 wl of DELFIA
enhancement solution was added to enhance the Eu and Sm fluorescence signal.
Measurement of fluorescence signal was carried out in a time-resolved fluorom-
eter (VICTOR; Wallac) after 25 min of shaking at 25°C. Hybridization signals
were expressed as numerical fluorescence counts per second (cps) and as signal-
to-noise (S/N) ratios, determined by comparison with specimens containing only
distilled water.

RESULTS

The hybridization conditions were established using short
oligonucleotide targets for the lanthanide-labeled probes (Ta-
ble 1). Using 10" to 10" target molecules per well, the optimal
probe amounts were found to be 3 ng of the HSV-1 probe (Eu)
per well and 5 ng of the HSV-2 probe (Sm) per well. The
hybridization temperature was set to a melting temperature of
—9°C (+25°C), which was the same for both probes. The
washing temperature was 25°C as well. Under these conditions
the use of 10'? target molecules/well yielded an S/N ratio of 3.6
for the HSV-1 probe and 4.3 for the HSV-2 probe. Higher
amounts, for example 10'" target molecules per well (HSV-2),
yielded an S/N ratio of 56. Using these target amounts, the
probes did not show cross-reactivity with the target represent-
ing the heterologous HSV type. The hybridization time was
kept at 2 h throughout the experiments.

We assessed the sensitivity of our TRF PCR assay by testing
various amounts of the standard HSV-1 and -2 virus strains,
which were diluted in HSV-negative CSF. The purpose of
testing the sensitivity in detection of infectious virus particles
instead of dilutions of viral DNA was to obtain information on
the performance of the whole PCR procedure, including the
sample preparation. Dilutions of HSV-1 (F) and HSV-2 (G)
virions, from 0.1 to 10? infectious units (PFU) per specimen,
were tested by using TRF hybridization combined with PCR
(Fig. 1). The S/N ratios for HSV-1 ranged from 2.8 (0.1 PFU
per specimen) to 68.5 (10° PFU per specimen). For HSV-2 the
S/N ratios were from 3.3 (0.1 PFU) to 58.5 (10° PFU) per
specimen. The samarium counts were typically lower than
those of europium, so that 10 PFU of HSV-1 template yielded
10° europium counts whereas 10 PFU of HSV-2 yielded 1.1 X
10* samarium counts. For both HSV types, the sensitivity of
the assay was at the level of 0.1 PFU of virus per specimen.

The probes did not cross-react with products of PCR tests
for human cytomegalovirus IE gene (4) or the DNA polymer-
ase gene of varicella-zoster virus (5). There was also no cross-
reaction with the PCR products from the other HSV type, with
template amounts of 100 to 1,000 PFU of the heterologous
HSV type per specimen.
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FIG. 1. Detection of HSV-1 (A) and HSV-2 (B) using PCR and TRF hy-
bridization. Various amounts of the virus, shown as infectious units (PFU), were
tested by PCR in duplicate, and the PCR products were assayed in triplicate by
the TRF hybridization using the type-specific lanthanide-labeled probes. The
results (+ 1 SD [error bars]) are expressed as cps and as S/N ratios, on a
logarithmic scale.

The primers and probes were tested for their ability to rec-
ognize the wild-type HSV strains existing in southwestern Fin-
land. This was carried out by study of 24 individual HSV-1 and
HSV-2 samples cultured from vesicle and cervix swabs (Fig. 2).
For HSV-1 isolates the S/N ratios varied from 12.4 to 190,
depending on the amount of virions in the sample. For HSV-2
the S/N ratios varied from 5.1 to 248. All of the isolates were
thus recognized by the primers and the probes. Most of the
clinical specimens yielded S/N values equal to or higher than
the positive controls (1 and 10 PFU of HSV) (Fig. 2).

For estimation of the cut-off values for positive specimens,
we tested CSF specimens which were previously negative by
Southern blot analysis of the PCR products (n = 100 for each
virus type) and 22 CSF specimens which had been considered
HSV-1 or HSV-2 PCR positive by Southern hybridization (Fig.
3). The results were expressed as signal-to-noise ratios, in com-
parison with samples containg only sterile water instead of the
CSF specimen. The mean S/N ratio for the HSV-1-negative

J. CLIN. MICROBIOL.

A HSV-1 specimens

1000

[u}
£
® 100
8 o =¥ O
2 o? “go 5 O oo -
g ol og = = I ]
2 o
E 10 o
20
w2
1

B HSV-2 specimens

1000

o
=]
2 o
® 100
g ® oy g o090 40% o
32 |oo o
=]
£ o o .
8 o ]
E] 10
5 .
x o
1

FIG. 2. Reactivity of 24 HSV-1 (A) and 24 HSV-2 (B) culture-positive spec-
imens, from clinical cervix and vesicle swabs, in the TRF HSV PCR assay. The
S/N ratios are shown on a logarithmic scale. Open squares, clinical HSV speci-
mens; black squares, positive HSV controls (1 and 10 PFU for HSV-1; 1, 10, and
100 PFU for HSV-2).

specimens was 1.37 (standard deviation [SD] = 0.513), and for
the HSV-2-negative CSF it was 1.03 (SD = 0.098). The previ-
ously blot-positive HSV-1 CSF specimens yielded S/N ratios
ranging from 3.6 to 85.9, and those for the HSV-2-positive CSF
ranged from 1.9 to 13. The mean + 3 SDs of the negative
samples was 2.91 for HSV-1 and 1.32 for HSV-2. The use of
the mean + 3 SDs as a cutoff divided the material in a way that
all the previously blot-positive specimens remained positive.

DISCUSSION

We have developed a rapid PCR assay for HSVs based on
TREF technology. The method involves the use of biotinylated
primers for capture of the PCR products on streptavidin-
coated microtiter wells and solution hybridization using lan-
thanide-labeled oligonucleotide probes. The results are ob-
tained as fluorescence counts, which can be converted to S/N
ratios, improving the interpretation of the results.

We have applied the HSV-1 gD primers, which have been
validated for HSV-1 PCR but were suboptimal for HSV-2 (1).
A new HSV-2 primer set that bracketed the corresponding
region of gD-2 was selected so that in Southern blot testing a
common DIG-labeled oligonucleotide probe could be used (7).
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FIG. 3. TRF PCR of CSF specimens, negative (n = 100) or positive (n = 11
for each HSV type) for HSV in Southern blot analysis of the PCR products. The
S/N ratios are shown on a logarithmic scale, as well as the +3 SD level of the 100
negative samples. (A) HSV-1; (B) HSV-2.

The short lanthanide-labeled probes were also designed for
this study, and they were found to be type specific.

We analyzed the applicability of the new primer-probe sets
by testing wild-type HSV samples, which were from genital or
oral lesions, representing local HSV strains. All the culture-
positive samples were strongly positive in our TRF PCR test
(Fig. 2). The HSV strains F and G were used as the positive
HSV-1 and -2 controls in the test, respectively.

We have expressed the virus amounts as infectious units
(PFU) instead of numbers of DNA molecules, since measuring
infectious virus is more like testing for HSV in clinical CSF
specimens, unlike studying dilutions of purified DNA mole-
cules. Studying the performance of the test in terms of viral
infectious units also reveals the characteristics of the specimen
handling. In this study the specimens and the positive controls
were treated by the boiling-ethanol precipitation method (1),
which has also been found favorable by Lakeman et al. (13).
However, testing and applying new methods for specimen han-
dling will be important in developing PCR assays for HSV in
CSF (9, 16).

The sensitivity of our test in detection of HSV-1 and -2 in CSF
is comparable to that of other PCR methods, both in hybrid-
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ization detection of the target molecules (25) and in detection
of the viral DNA in CSF (20). Moreover, our sensitivity testing
was performed using CSF spiked with known amounts of in-
fectious virus, thus covering all the steps of the assay.

One of the advantages of the TRF methodology over South-
ern blotting is that TRF yields numerical results, allowing
definition of the cutoff values. It is favorable to establish a
sensitive cutoff value in order not to miss borderline-positive
cases of herpes simplex encephalitis (HSE), especially consid-
ering that the disease can be treated safely with antiviral che-
motherapy. In tests for other virus groups, such as enterovi-
ruses, where it is likely to encounter higher virus amounts in
CSF during CNS infections, cutoff values such as five times the
negative reference have been applied (14). In HSE in adults,
the virus amounts in the CSF are regularly low, very rarely, if
ever, allowing a positive virus culture. Thus, we wanted to
establish as effective a cutoff limit as possible. This was carried
out by analysis of clinical CSF specimens in parallel by TRF
PCR and by Southern hybridization of the PCR products. The
study of 100 Southern blot-negative CSF specimens for each
HSV type allowed us to calculate the means and SDs of the
negative samples, analyzed as S/N ratios (in comparison with
negative reference samples containing water). During the
study we obtained 22 HSV-positive CSF samples by Southern
hybridization of the PCR products and calculated their S/N
ratios by the TRF test. All the HSV-1 and HSV-2 blot-positive
cases also remained positive in the TRF assay, when the cutoff
limit was set at the mean + 3 SDs of the negative samples (Fig.
3). There were five samples, defined as HSV negative by
Southern blotting, which were borderline positive or equivocal
in the TRF assay upon the first testing. Two of these had one
aberrantly high cps value among the triplicates, and when the
CSF samples were retested, all the borderline cases turned out
to be TRF PCR negative. We recommend retesting all bor-
derline-positive CSF samples with results at or below the mean
of the negative samples +10 SDs.

There is usually a tendency for higher fluorescence count
values with europium than with samarium, both in the positive
samples and in the negative references. This is normalized by
the use of S/N ratios in the interpretation. The use of the mean
of the negative material + 3 SDs as a cutoff limit enables
recognition of the borderline HSV-positive CSF samples,
which can then be rapidly reported to the clinic, with a request
for a new CSF sample for further testing. Bringing the border-
line-positive result to the clinician’s attention increases oppor-
tunities for early chemotherapy of the HSE cases.

The advantages of the TRF techniques include the possibil-
ity of using multiple labels in the same assay (21). Work is in
progress to establish the TRF PCR for HSV-1 and -2 as a
one-tube reaction, followed by detection of HSV-1 using eu-
ropium label and HSV-2 using samarium label in the same
microwell hybridization reactions. The use of microwell-based
hybridization and fluorometry also enables further automation
of the test. We have developed a nonradioactive, fluorescence-
based, sensitive PCR detection method for diagnosis of HSV
infections of the CNS, and the method has proven to be well-
suited for our regular neurovirological diagnostic service.
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