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5 
$ 4 Detection of varicella-zoster 

virus and herpes simplex virus 
by polymerase chain reaction 
with degenerate primers 

Abstract 

Varicella-zoster virus (VZV) and herpes simplex virus (HSV) are human pathogens of 
significance involved in multiple diseases with either typical or atypical clinical features. In 
neonates and immunocompromised patients these alphaherpesviruses may cause life-
threatening diseases such as encephalitis. Detection of VZV by virus culture is difficult. 
Polymerase chain reaction (PCR) is quicker and more sensitive and applicable in most • 
clinical microbiological laboratories. Using degenerate primers, glycoprotein B DNA was 
amplified from all alphaherpesvirus field strains present in clinical samples. The 
amplification of glycoprotein B allowed virus typing of VZV, HSV-1 and HSV-2 using 
restriction enzyme digestion of the PCR products. Degenerate primers can replace 
conventional primers in diagnostic PCR without loss of sensitivity and specificity. 
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Diagnostic aspects of human alphaherpesvirus infections in dermato-venereology 

1. Introduction 

The three human alphaherpesviruses, varicella-zoster virus (VZV) and herpes simplex virus 
(HSV) types 1 and 2, can produce a wide range of mucocutaneous manifestations. The 
severity of the disease depends on the entry site of the virus, the kind of infection (primary 
or recurrent), and the patient's immune state (healthy, elderly or immunocompromised). 
Clinical diagnosis is mostly based on the presence of the characteristic vesicular eruptions, 
but these might also resemble other viral and nonviral skin infections (Azon-Masoliver et 
al, 1990; Bhawan et al., 1984; Cohen, 1994; Halal et al., 1978; Kalman and Laskin, 1986). 
Immunocompromised patients may have atypical clinical signs of HSV and VZV infection 
such as mucosa-associated inflammatory pseudotumors, generalized papular eruptions, 
long-standing ulceration, hyperkeratotic nodules and crusted verrucous lesions caused by 
acyclovir-resistant viruses (Beasley et al , 1997; Cohen and Grossman, 1989; Hoppenjans et 
al, 1990; Husak et al., 1998; LeBoit et al., 1992; Rawlinson et al., 1989; Smith et al., 1991). 
The Tzanck smear, direct immunofluorescence tests, and virus culture are the tests most 
used to confirm the clinical diagnosis of human alphaherpesvirus infections (Coffin and 
Hodinka, 1995; Cohen, 1994). Confirmation of the clinical diagnosis of VZV, HSV-1 and 
HSV-2 infection by virus culture may be difficult, especially that for VZV. Immunoelectron 
microscopy (IEM), another tool to detect herpesviruses, is only available in specialized 
microbiological laboratories (Folkers et al., 1991; Vreeswijk et al., 1988). Polymerase chain 
reaction (PCR) might than be an attractive method for use in most routine microbiological 
laboratories, because it can be applied to all developmental stages of herpetic lesions, and 
to atypical mucocutaneous manifestations in an immunocompromised population. 
Moreover, results can be obtained within one day, whereas virus culture may take weeks 
(Kido et al., 1991; Nahass et al., 1995a; Nikkeis et al., 1998). In this study we investigated 
the detection of human alphaherpesvirus and to discriminate between VZV, HSV type 1 
and 2, using PCR with degenerate primers. We chose to amplify a gene that is essential for 
virus replication. It has been shown that several herpes genes can be deleted without 
affecting virus replication in tissue culture (Haarr and Skulstad, 1994; Nishiyama, 1996; 
Subak-Sharpe and Dargan, 1998). Loss of these genes could occur during viral replication in 
the field. Therefore, a diagnosis based on nonessential genes might overlook such mutant 
viruses. 

Our preference for glycoprotein B (gB) was because: (1) this gene is indispensable for virus 
culture; (2) it is the major immunologic virus determinant; and (3) it is the major virus type 
determinant (Haarr and Skulstad, 1994; Nishiyama, 1996; Subak-Sharpe and Dargan, 
1998). PCR can be used to amplify alphaherpesvirus gB DNA sequences. Type-specific 
restriction-enzyme digestion profiles of the PCR products can be used to discriminate 
between HSV-1, HSV-2 and VZV. Analysis of alphaherpesvirus gB DNA sequences (Bzik et 
al., 1984; Davison and Scott, 1986; Stuve et al., 1987) for conventional primer sites was 
unsuccessful. However, we were able to select several homologous stretches of 
approximately 7 amino acids long in alignments of the gBs of HSVs and VZV. 
A degenerate primer can be designed to encompass all the possible DNA sequences coding 

for the selected amino acid sequence. For example, a hypothetical DNA stretch of 7 
alanines will result in a degeneracy of 47= 16,384 primer variants. Degenerate primers have 
the property to bind to virus field strains harboring silent nucleotide variations. 
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Degenerate primers based on conserved amino acids have been used for cloning new genes 
(Compton, 1990; Lee and Caskey, 1990). However, they have rarely been use for diagnostic 
purposes. Furthermore, the primers most used were less than 50-fold degenerative. Primers 
with 512-fold and 8,192-fold degeneration were used for the detection of the Human 
Papilloma Virus (HPV) DNA (Snijders et al., 1991). These primers were only degenerate for 
known nucleic acid variation. We successfully used highly degenerate primers for reverse 
transcriptase PCR (RT-PCR) detection of Foot-and-Mouth Disease virus (FMDV) RNA 
(Jacobs et al., personal observations). In this report, we describe a PCR for VZV, HSV-1 and 
HSV-2 with degenerate primers. Discrimination between the PCR products of VZV, HSV-1 
and HSV-2 was carried out with restriction-enzyme digestions. 

2. Materials and Methods 

2.1. Specimens 
Selection of the patients was based on proven human alphaherpesvirus infection by virus 
culture or detection by IEM. PCR was carried out without prior knowledge of the virus type 
detected in the specimens, except for the cultured viruses used. 

2.1.1. Virus samples stored in dry form at-70°C 
Three samples were collected from the herpetic lesions on each patient. The samples 
consisted of cellular material, which was scraped from the edge and base of the lesion with 
the curved side of a vaccinostyle. One sample was used for virus culture, one was preserved 
for IEM (Folkers et al., 1989; Folkers et al., 1991; Vreeswijk et al., 1988) and the third 
sample was kept in dry storage at -70°C until this study was started. Specimens from one 
patient were stored dry at -70°C for less than two weeks (Table 4, < 2 wks). PCR was carried 
out on the dry-stored samples from 15 patients with proven HSV, and from 13 patients 
with proven VZV (Tables 4 and 5). 

2.1.2. Virus samples stored in buffer at-70°C 
Swab specimens from skin, orolabial, and genital herpetic lesions were placed in Hank's 
balanced salt solution (HBSS) and transported to the virus culture laboratory. Inoculation 
of cell cultures was done immediately upon arrival at the laboratory. Samples of proven 
HSV (n=6) and VZV (n=8) infection were stored in HBSS at -70°C for up to two years, until 
used in this study (Tables 4 and 5). 

2.1.3. Nonviral control specimens stored in dry form at -70°C 
Samples were obtained from nonviral vesiculo-bullous lesions of four patients, attending 
the outpatient section of the Department of Dermatology and Venereology of Hospital De 
Heel in Zaandam. One patient was suffering from pompholyx, one from prurigo bullosa, one 
from bacterial infected dermatomycosis, and one patient from facial bullous erysipelas. 
Scrapings from the edge and base of the lesions were made using the curved side of a 
vaccinostyle, and stored at -70°C for 9 years. Uninfected HeLa cells obtained from the 
laboratory of the department of Virology of the Municipal Health Service (GG&GD) of 
Amsterdam, stored at -70°C, were used as reference control specimens in the PCR. 
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2.1.4. Virus culture samples stored at-70°C 
The investigated HSV-1 and HSV-2 virus culture samples (Table 5) were assigned to the 
following two groups according to the duration of storage: (1) less than two years (< 2 yrs); 
or (2) at least nine years (> 9 yrs) of storage. Other viruses used in this study were varicella-
zoster virus (VZV), cytomegalovirus (CMV) and Epstein-Barr virus (EBV). Laboratory 
cultured viruses were generous gifts from Dr. G.J.J, van Doornum of the GG&GD 
Amsterdam, Dr. P.M.E. Wertheim-van Dillen of the Academic Medical Center (AMC) 
Amsterdam, and Dr. J.G. Kapsenberg of the National Institute of Public Health and 
Environmental Protection (RIVM) Bilthoven. Titrated HSV-1 and HSV-2 cultures (TCIDS0) 
were generous gifts from Dr. A.M. van Loon of the Academic Hospital Utrecht (AZU) 
Utrecht, the Netherlands. 

2.2. Procedures 

2.2.1. DNA extraction 
Prior to DNA extraction, dry tissue samples were dissolved in 200 LII TE in a microcentrifuge 
tube (0.5 ml) to obtain a wet form. The wetted tissue and HBSS samples (swabs) were freeze-
thawed twice in liquid nitrogen and subsequently heated in a water-bath to 37°C. Samples 
were treated with SDS (final concentration 0.5%) and proteinase K (final concentration 100 
[xg in 250 ril), mixed, and incubated for 45 minutes at 37°C. Subsequently a phenol -
chloroform - isoamyl-alcohol extraction (25 : 24 : 1) in phenol extraction buffer (10 mM 
Tris, 100 mM NaCl, 0.5% SDS, 5 mM EDTA; pH 9.0) was carried out, followed by 
precipitation in two volumes of ethanol (Sambrook et al., 1989). After ethanol 
precipitation the extracted DNA was washed with 70% ethanol, air dried for 10 minutes 
and dissolved in 50 \û aqua dest. PCR was either carried out directly with freshly isolated 
DNA or, later on with DNA that had been stored at -20°C prior to use. 

2.2.2. DNA amplification 
DNA amplification was carried out in 0.5 ml microcentrifuge tubes (Biozyme). Each tube of 
50 til solution contained: lx GeneAmp®, lOx PCR buffer II (10 mM Tris-HCl, pH 8.3 (at 
25°C; 50 mM KCl) (Perkin Elmer), 2.5 mM MgCl2 (Perkin Elmer), 4x 0.2 mM dNTPs 
(Pharmacia, Biotechnology), 2x 50 nM primers (Table 1), 0.625 U Taq polymerase (Perkin 
Elmer), and 2 LII extracted DNA solution. The solution was covered with two drops of 
mineral oil. Amplification was carried out in a Perkin Elmer DNA Thermal Cycler 480. The 
following program was started: 2 min. 'hot start' at 94°C, 40 cycles (each 30 sec. 94°C, 
30 sec. 60°C and 2 min. 72°C), followed by a final elongation step of 7 min. at 72°C. 
Procedures to minimize PCR product carry-over were applied as recommended (Kwok, 
1990). 

2.2.3. Enzymatic digestions of the PCR products 
A 7.5 (ri aliquot of each PCR product was incubated for one hr in a 10 LII reaction volume 
containing 3 U Sma I, 3 U Sea I or 6 U Sal I according to the manufacturer's 
recommendation (New England Biolabs). 
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2.2.4. DNA alignments 
The following sequences were used in alignment studies. GenBank accession numbers for 
HSV-1: K01760 (Bzik et al., 1984); D10879, K02720, K03541, M14164, M21629, S65444, 
S74390, U49121, X14112. For HSV-2: U12175 (Stuve et al., 1987); AF021340, M14923, 
M15118, M24771, U12172, U12173, U12174, Z86099. For VZV: P09257 (Davison and 
Scott, 1986). 

2.2.5 Tilted gel electrophoresis and markers 
Two [il loading buffer was added to 10 |il PCR product or 10 [il of restriction enzyme 
digestion product. Samples were loaded on a 1.5 % agarose gel in TBE containing ethidium 
bromide. During electrophoresis the gel was tilted at an angle of approximately 4° (You and 
Sun, 1995). This procedure allowed a better separation of dsDNA sized between 100 bp and 
1 kb. The digestion products of plasmid DNA of pGEM®-3 with Hinfl, Rsa I, and Sin I were 
used as size marker (see Fig. 2). The DNA fragments were photographed with UV 
illumination. 

3. Results 

3.1 Primers 
For this study we selected two homologous amino-acid stretches, approximately 700 bp 
apart and located in the the human alphaherpesvirus glycoprotein B (gB) gene, to develop 
degenerate PCR primers (Fig 1 and Table 1). The PCR product generated by these primers 
contained sufficient virus-specific DNA sequences for virus typing with restriction 
enzymes. The PCR product comprised of an upstream primer HB4 and a downstream 
primer HB6. PCR with this primer set generated products that can be discriminated by 
restriction enzymes. As the primers do not align with human beta and 
gammaherpesviruses, we expected that they will only bind to alphaherpesvirus DNA and 
not produce amplification products of the human beta- and gammaherpesviruses. 
Screening of these primers in GenBank did not reveal alignments that could lead to other 
undesired, nonspecific PCR products. The primers were tested in three modifications (A, C, 
and D) with different degrees of degeneracy. The degenerative positions were encoded by 
standard molecular biological one-letter codes: N, Y, R, W, S, D, or H (Table la, and lb). 
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L component S component 
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Fig. 1. Setup for the detection of herpes viral DNA. 
Level I: The HSV genome with terminal repeats (TR), inverted repeats (IR), and the long (UL) and 
short (US) coding regions. VZV (125 kb) and HSV (152kb) genomes differ in the size of the coding 
and repeat regions. Level II: Magnification of gB, and the primer locations of HB4 and HB6. Level 
III: PCR products of HSV-1, HSV-2, and VZV, generated by HB4-HB6 primer combinations, and 
the restriction-enzyme locations of Sma I, Sal I and Sea I within the PCR products. 

restriction enzyme profile PCR products 
1 I 

^^^^ 
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Table 1 a Alignments of primer variants with human herpes viral DNA 

Primer HB4 template (5' - 3') 
HB4A AY TGY ATH RTN GAR GAR GTN GAN GC** 

HB4D AY TGY ATH GTN GAR GAR GTN GAN GC 

HB4C AC TGC ATC GTC GAG GAG GTG GAC GC 

Viral template DNA (+) strand (5' - 3') 
HSV-1 AC TGC ATC GTC GAG GAG GTG GAC GC 

HSV-2 AC TGC ATC GTC GAG GAG GTG GAC GC 

VZV AT TGC ATC ATT GAG GAA GTT GAA GC 

Degeneracy* 
3,072 
1,536 

1 
Number of mismatches 
HB4A HB4D HB4C 
0 0 0 

0 0 0 
0 1 6 

No good alignment with CMV, HHV-6, HHV-7, EBV, and HHV-8 
Primer HB6 template (5' - 3') 
HB6A TGD ATR TGR TCR TAN GTR AAY TGN AG 

HB6D TGD ATR TGR TTR TAN GTR AAY TGN AG 

HB6C TGT ATG TGG TTR TAC GTA AAC TGC AG 

Viral template DNA (-) strand (5' - 3') 
HSV-1 TGA ATG TGG TTA TAC GTA AAC TGC AG 

HSV-2 TGA ATG TGG TTG TAC GTA AAC TGC AG 

VZV TGA ATG TGG TCA TAT GTA AAC TGG AG 

No good alignment with CMV, HHV-6, HHV-7, EBV, and HHV-8 

Degeneracy* 
1,536 

1,536 
2 

Number of mismatches 
HB6A HB6D HB6C 
1 0 0 

1 0 0 

0 1 3 

Degeneracy is the number of variants present in a primer 
D= A , G , T S = C , G 

H= A , C , T W=A,T 

N= A , C , G , T Y = C , T 

R= A ,G 

Table 1 b. Display of A-C base mispairing (primer sets with HB4A & HB6A) and G-T base mispairing 
(primer sets with HB4D & HB6D) 

VZV ( + ) 5 ' -ATTGCATCATTGAGGAAGTTGAAGC CTCCAGTTTACATATGACCACATTCA-3 ' VZV ( + ) 

< 3 ' -GANGTYAARTGNATRÇTRGTRTADGT-5 ' HB6A 

< 3'-GANGTYAARTGNATRTTRGTRTADGT-5' HB6D 

CTCCAGTTTACATATAACCACATTCA-3' HSV(+) 

VZV(-) 3'-TAACGTAGTAACTCCTTCAACTTCG-5' 

HB4A 5'-AYTGYATHRTNGARGARGTNGANGC-3' > 

HB4D 5'-AYTGYATHGTNGARGARGTNGANGC-3' > 

HSV(-) 3'-TAACGTAGCAACTCCTTCAACTTCG-5' 

(A—C and G—T mispairings are underlined) 
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3.2 Detection of viral DNA using cultured viruses 
The primer sets I - IV were used to amplify VZV DNA (Table 2). Only two of these (set III 
and set IV) allowed the amplification of HSV-1 and HSV-2 DNA. 

Table 2. Results of PCR carried out with different primer combinations for the detection of human herpes viral 
DNA 

degenerate primer sets conventional primer 
I II III IV V 
HB4A-HB6A HB4D-HB6A HB4A-HB6D HB4D-HB6D HB4C-HB6C 

Cultured virus 
HSV-1 
HSV-2 
VZV 
CMV 
EBV 

Controls (1 -5)* 

+ 
+ 

Controls: 4 clinical specimens (pompholyx, prurigo bullosa, bacterial infected dermatomycosis, facial 
erysipelas), and uninfected HeLa cells. Virus cultures of HHV-6, -7 and -8 were not available for testing. 

3.3 Sensitivity 
In sensitivity studies of the PCR with degenerate primers, culture samples with a know 
virus concentration were diluted in uninfected HeLa cells. The sensitivity of the PCR to 
HSV-1 was 4.2 log TCID50, obtained with both degenerate and conventional primers. The 
titrated sample of HSV-2 contained 3.2 log TCID50 virus particles, 10-fold lower than the 
detection limit of HSV-1. This titre was not detected in our PCR. Two PCRs, one with 
conventional primers and one with degenerate primers (set IV), were applied to all HSV 
samples and their dilutions. PCRs with conventional or degenerate primers gave identical 
results, indicating that the use of degenerate primers does not affect PCR sensitivity. VZV 
could not be amplified using our conventional primers for HSV. The sensitivity of the PCR 
detection of VZV is not known because no titrated virus sample for VZV detection was 
available. Primer set I and IV gave identical results for VZV. 

3.4 Restriction-enzyme digestion profiles of the PCR products 
The expected products of PCR carried out with the HB4-HB6 primer sets and restriction-
enzyme digestion profiles are listed in Table 3. The results are shown in Fig. 2. 
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Table 3. Expected products of PCR carried out with HB4-HB6 primer sets and restriction-enzyme digestion 
profiles of the products 

Virus 

PCR product 
Size (in bp) 
Sma I 

Products of restriction-enzyme digestion 
Size (in bp) 

Sea I Sal I 

HSV-1 

HSV-2 

VZV 

733 

739 

748 

449 513 575 
195 220 158 
89 

544 396 326 
195 226 255 

117 158 

441 748 748 
307 

3.5 Detection of viral DNA using clinical specimens 
Similar results were obtained with PCR primer set I and with PCR primer set IV when both 
tests were applied to all VZV samples (n=24), samples stored dry plus those stored in HBSS. 
PCR on all VZV samples stored in a dry form at -70°C (n=13) produced positive results 
(Table 4), while on VZV samples stored in HBSS at -70°C (n=8) PCR with the same primer 
sets detected viral DNA in only five of the samples. The storage of VZV samples in HBSS 
varied from two weeks to two years, which was much shorter than the dry storage of 
samples. One specimen was stored both in dry and in wet form. The PCR detected VZV 
DNA in the sample stored in dry form, but not in the sample stored in HBSS. PCR with 
primer set IV was carried out with HSV-clinical samples (n=21) and HSV-laboratory 
cultures (n=16) (Table 5). Five out of six PCR results obtained with HSV-laboratory cultures 
that were stored for less than two years had positive scores. However, the PCR was negative 
(n=10) when HSV-laboratory cultures were stored for 9 years. PCR detected HSV DNA in 
one of the HSV-clinical samples that had been stored in dry form for nine years (n=15). 
HSV DNA could be detected in only one out of six clinical samples, stored in HBSS for less 
than eight weeks (Table 5). Fig. 3 shows some clinical samples that were analysed by PCR, 
and characterized for herpesvirus type by restriction-enzyme digestion profile (Sma I). 
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M (bp) 1 2 3 7 8 PCR (bp M (bp) 1 2 3 RE (bp) 

2645 
1605 
1198 

676 
517 
460 
396 
350 

222 
179 

B 

Fig. 3. Detection and identification of human alphaherpesviruses in clinical specimens. Panel A: 
Agarose-gel electrophoresis of PCR products. PCR was carried out with primer set IV. Virus strains: 
VZV (lanes 1-4); HSV-1 (lanes 5-7); HSV-2 (lane 8). Sample 7 was a cultured and titrated HSV-1 
specimen with a concentration of 4.21ogTCID50. Lane M: DNA-ladder size marker (pGEM®-3 DNA 
digested with Hinfl, Rsa I, and Sin I). Panel B: Agarose-gel electrophoresis of Sma I digests of the 
PCR products shown in panel A. 

Table 4. Results of PCR with degenerate primers followed by restriction-enzyme virus typing carried out on 

samples from patients with VZV infection 

Disease Lesion type Storage Tzanck smear* Virus culture* IEM* PCR$ 

Varicella vesicular dry>9 yrs 1/1 0/1 1/1 1/1 
Varicella pustular dry>9 yrs 1/1 0/1 1/1 1/1 
Herpes zoster vesicular dry>9 yrs 3/3 1/3 3/3 3/3 
Herpes zoster pustular dry>9 yrs 7/7 1/5 6/6 7/7 
Herpes zoster* pustular dry <2wks 1/1 nd nd 1/1 
Herpes zoster pustular HBSS<2yrs 2/2 7/7 nd 5/7 
Herpes zoster* pustular HBSS<2wks 1/1 1/1 nd 0/1 

p. done before storage 
$; PCR results with primer set I were similar to those with primer set IV 
*: same patient 
nd: not done 
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Table 5. Results of PCR amplification and subsequent diagnosis based on restriction-enzyme profiles (HSV-

HSV-2) in relation to storage conditions 

Specimen Storage VC* IEM* PCR$ 

Laboratory VC -70°C 
HSV-1 < 2 yrs 3/3 nd 3/3 
HSV-2 < 2 yrs 3/3 nd 2/3 
HSV-1 > 9 yrs 8/8 nd 0/8 
HSV-2 > 9 yrs 2/2 nd 0/2 

Clinical HBSS-70°C 
HSV-1 < 8 wks 3/3 nd 0/3 
HSV-2 < 8 wks 3/3 nd 1/3 

Clinical dry -70°C 
HSV-1 > 9 yrs 4/4 3/3 1/4 
HSV-2 > 9 yrs 6/11 5/5 0/11 

HBSS: Hank's balanced salt solution 
I EM: Immunoelectron microscopy 
VC: Virus culture 
nd: not done 
$: PCR results with primer set V were similar to those with primer set IV 
t : done before storag 

4. Discussion 

There are several methods available for the detection of VZV. Virus culture, which is a 
sensitive technique for the detection of HSV is less useful for detection of VZV. VZV is 
prone to substantial inactivation during sampling and transportation (Echevarria et al., 
1997; Folkers et al., 1989; Nahass et al., 1992). Having previously shown that IEM is a 
highly sensitive technique for the detection and diagnosis of VZV (Folkers et al., 1989; 
Vreeswijk et al., 1988), we used IEM to validate our newly developed diagnostic PCR with 
degenerate primers. Recent PCR results obtained with VZV samples, which were dry- stored 
for nine years (Table 4), were equal to the IEM results obtained nine years ago with the 
same samples (Folkers et al., 1989). 

4.1 Sampling 
PCR detected VZV DNA in all dry stored VZV samples, but only in 63% HBSS samples 
(Table 4). This indicates that PCRs carried out on dry-stored samples have a better chance 
of obtaining positive results than those carried out on HBSS-stored samples (p < 0.01, in 
accordance to the 2 x 2 Contingency Table (Mead and Curnow, 1990) ). This is in 
agreement with results obtained by Nahass and coworkers (1995) who reached high 
sensitivity of detection in dry-stored specimens (Nahass et al, 1995a; Nahass et al., 
1995b).Long-term storage at -70°C (> 9 years) appeared to be detrimental to HSV 
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detection, while VZV detection by PCR seemed to be unaffected. A possible explanation 
may be that the VZV particle mainly resides intracellularly (Cohen and Straus, 1996) and, 
is therefore protected against extracellular degrading enzymes. 

4.2 Restriction enzyme typing of the PCR products 
To simplify the practical procedure in our study, restriction-enzyme digestions were carried 
out directly in the PCR mixtures. Although some restriction enzyme activities are very 
sensitive to differences in salt concentrations!! the activity of the selected restriction 
enzymes, Sma I, Sea I, Sal I, are fairly robust and partial digestions were rarely observed. 
From a theoretical point of view, subtle DNA sequence variations between different virus 
isolates may be expected as a result of errors made by the viral DNA polymerase (Abbotts et 
al, 1987). These DNA variations may alter restriction-enzyme recognition sites, thereby 
prohibiting enzymatic digestion. Thus, certain virus strains may exhibit different 
restriction-enzyme digestion profiles compared to other strains within the same virus type. 
The same holds for creation of a new restriction-enzyme site by mutation. In both cases the 
other two restriction-enzyme digestion patterns will remain unaltered, so that 
discrimination between the alphaherpesviruses remains possible. 
A variation was found only at the Sal I recognition site on comparing the sequences of ten 
different HSV-1 strains. HSV-1 strain F was among two out of ten HSV-1 strains (GenBank' 
accession numbers M14164 and M21629) with the Sal I sequence GTÇGAC changed into 
GTTGAC, which is not recognized by Sal I. The full-length PCR product (733 bp) of these 
HSV-1 strains, therefore, will not be cleaved by Sal I, and thus remain similar to that of VZV 
(748 bp). The restriction-enzyme digestion patterns of Sma I and Sea I would be unaltered. 
Based on these profiles, typing of the variant strains as HSV-1 remains feasible. Similarly, 
on comparing nine HSV-2 strains, a variation was only found at the Sma I site. In the 
HSV-2 strains MMA and CAM4B (GenBank accession numbers U12172 and U12174), the 
Sma I site was changed from CCCGGG into CCCAGG, which is not recognized by Sma I. 
The full-length PCR products (739 bp) of these two HSV-2 strains, therefore, will not be 
digested by Sma I, and thus remain similar to that of VZV (748 bp), which lacks a Sma I site. 
The restriction-enzyme profiles of Sal I and Sea I would be unaltered. Therefore, typing of 
these variant strains as HSV-2 will still be possible. In this study, we encountered no 
aberrant restriction-enzyme digestion profiles. 

4.3 PCR with degenerate primers 
Conventional primers are commonly used in diagnostic PCR. Sites for conventional 
primers are selected at conserved nucleotide stretches of virus types. In general, fully 
conserved nucleotide stretches can be found in highly conserved genes. PCR amplification 
products of highly conserved genes are not likely to contain many subtype-specific 
nucleotide sequences. Thus virus-type discrimination between PCR products obtained with 
conventional primers can be difficult. Another approach is the use of degenerate primers. 
Selection of sites for degenerate primers is not done on conserved nucleotide stretches, but 
on conserved amino acid stretches, which may be important for maintaining the protein 
structure or function. Consequently, a PCR with degenerate primers selected from 
conserved amino acid stretches, will enable amplification of less conserved nucleotide 
sequences. These sequences are likely to bear virus type-specific nucleotide stretches, which 
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may be used for discrimination by different methods: hybridization with a type-specific 
probe, type-specific nested PCR, nested multiplex PCR, direct sequencing of the PCR 
product, and restriction-enzyme digestions. 
The degenerate HB6D primer was effective in the amplification of HSV DNA but primer 
HB6A was not (Table 2). A single mispairing between HSV DNA with the HB6A primer 
might have been responsible for the failure to detect HSV-1 and HSV-2 DNA with primer 
sets I and II (HB4A - HB6A, and HB4D - HB6A, respectively). The mismatches of the HB6A 
primer with HSV-1 and HSV-2 DNAs comprised A-C base mispairings. No stabilizing 
interaction can be expected from A-C mismatches (Crick, 1966). Both primers HB4D and 
HB6D had a G-T mismatch with VZV DNA. However, in case of G-T mismatching, two 
stabilizing hydrogen bonds can occur similar to those present in A-T bonds (Crick, 1966). 
This is probably the reason why VZV DNA amplification was able to proceed with the 
primer combination IV In PCR with conventional primers, a single base mispairing is not 
detrimental to amplification, unless located at the 3' primed site, where it can interfere 
with strand elongation (Barnes, 1994). In case of the HB6A primer, the A-C mismatch was 
located at a distant position (16th nucleotide) from the 3' elongation site (underlined in 
Table lb). Using conventional primers, the location of this A-C mismatch is apparently far 
enough from the primer elongation site to allow PCR amplification. PCR with degenerate 
primers seems to be more dependent on correct primer-template pairings. This decreased 
tolerance to mispairing was also found in RT-PCRs with degenerate primers for FMDV 
(Jacobs et al , unpublished results). Decreased tolerance by 2 to 3 mismatches in PCR with 
degenerate primers prevents amplification of virus type-unrelated sequences. Theoretically, 
the decreased tolerance will compensate the loss of primer specificity introduced by a 
degeneracy of several thousands (Jacobs et al., unpublished results). In practice, the 
specificity of degenerate primers may be underestimated, as these primers are designed to 
'tolerate' silent mutations, but discriminate more strongly against unrelated sequences. 

5. Conclusion 

Contrary to conventional primers, degenerate primers enable PCR amplification of less 
conserved nucleotide sequences, like gB DNA. Glycoprotein B can be used for virus-type 
discrimination. Type-specific restriction-enzyme patterns of the PCR products were used to 
discriminate between the human alphaherpesviruses VZV, HSV-1, and HSV-2. This is a fast 
and reliable method, which can be introduced in a diagnostic laboratory with a high 
throughput of samples. Sensitivity of PCR with degenerate primers may be increased using 
nested PCR or using hybridization of the PCR product with a labeled internal 
oligonucleotide probe. This study has demonstrated that degenerate primers can be 
effectively used in diagnostic PCR without loss of specificity and sensitivity. 
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