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Genital herpes
Takashi Kawana
Department of Obstetrics and Gynecology,
Teikyo University Faculty of Medicine, Mizonokuchi Hospital

Abstract
Genital herpes(GH) is the second leading cause of sexual transmitted disease in women

and the third in men. About 40 % of female genital herpes is caused by herpes simplex
virus type 1(HSV-1) and the remaining by type—-2(HSV-2). Fifty four percent of primary
female GH was caused by type—1, whereas 86 % of recurrent cases by type—2. For rapid
diagnosis of GH, LAMP (loop-mediated isothermal amplification), HSV DNA nuclear
amplification method developed in Japan, was applied and favorable results were
obtained. We compared three gG based type specific antibody kits (Platteria, HerpeSelect
and Captia). Among these, Platteria was shown to be most sensitive and specific.

Key words: genital herpes, herpes simplex virus type 1 and 2, LAMP, type specific

antibody kit
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1. Introduction

The Japanese live attenuated KRT rubella vaccine strain has a temperature sensitivity (ts) phenotype. The
objecrive of this study 1s to identify the region responsible for this phenotype. Genomic sequences ol the
KRT strain and the wild-type strain (RVi/Matsue JPN/68) with the non-ts phenotype were investigated and
reverse genetic systems (RG) for these strains were developed. The ts phenotype of KRT varied drastically
on replacement of the p150 gene (encoding a methyltransferase and a nonstructural protease). Analysis
of four chimeric viruses showed the region responsible for the ts phenotype to be located between Bsm|
and Nhe | sites (genome position 2803-3243). There were two aminoe acid differences at positions 1007
and 1042, Mutations were introduced into the KRT cDNA clone, designated G1007D, H1042Y and G 1007D-
H1042Y. H1042Y and G1007D-H1042Y grew well at a restrictive temperature with a 100-fold higher tter
than G1007D and the KRT strain, but a 10-fold lower titer than RVi/Matsue.JPN/68. Since the growth of
H1042Y was not completely the same as that of the wild-type strain at the restrictive temperature, we
also assessed whether other genomic regions have an additive effect with H1042Y on the ts phenotype
H1042Y-RViM SP having structural proteins of RVi/Matsue.JPN/68 grew better than H1042Y, similar to
RVi/Matsue.JPN/68. Thus, we concluded that one mutation, of the histidine at position 1042 of p150, was
essential for the ts phenotype of the KRT strain. and structural proteins of KRT had an additive cllect with
H1042Y on the ts phenotype.

v © 2008 Elsevier Ltd. All rights reserved.

comprised of the genamic RNA and capsid protein, and constitute
progeny virions surrounded by a lipid viral membrane cmbedded
with E1 and E2 [1,2].

Rubella virus (RV) is the sole member of the genus Rubivirus
in the family Togaviridae. RV is an enveloped, single-stranded,
positive-sense RNA virus with an approximately 10-kb genome,
having a cap structure at the 5" end of the genome and polyA tail at
the 3’ end. The genome contains three untranslated regions (UTRs)
and two open reading frames (ORFs). One UTR 1s located at the 5'
end, one at the 3' end, and one between the ORFs. The UTR between
the two ORFs is the junction-UTR (J-UTR). The 5’ end ORF encodes
two nonstructural proteins (NSPs) named p150 and p90, while the
3’ end ORF encodes three structural proteins (SPs); capsid protein
and the two envelope proteins, E1 and E2. NSPs are translated from
genomic RNA and act as a viral genome replication complex. The
full-length negative-sense RNA (cRNA) is replicated from genomic
RNA. cRNA acts as a template for replicating progeny viral RNA and
sub-genomic RNA (SG RNA). Three SPs, capsid, E2, and E1, are trans-
lated from SG RNA to form virion structures. Nucleocapsids are
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RV infection is one of many transmissible diseases in infants and
children. Most patients with RV demonstrate mild symptoms, mac-
ulopapular rash, lymphadenopathy, low-grade fever, conjunctivitis.
sore throat and arthralgia. and recover in several days without
any complications or sequelae. However, infection in unimmunize
women during the early stages of pregnancy, especially within the
first trimester, cause fetal death or congenital rubella syndromé
(CRS). CRS is characterized by multiple malformations: deafness.
cataracts, cardiac disease and neurological abnormalities |3-3)-FOF;
the prevention of CRS, live attenuated vaccines have been usef s
vaccination programs in many countries. Recently, in the U"'fedf-'f
States and several European countries, the indigenous circulatitg
of rubella virus has been disrupted and CRS has been c]imm‘[d?j
[3]. The prevention of CRS and rubella epidemics mainly que ‘
on efficacious vaccination programs. In Japan, 4 nationwide ouft
break of rubella has not occurred since 1993, but some €ases?
in sporadic regional outbreaks have been reported. Rubella infeg
tion still remains an important issue in Japan and the .acceleﬂ‘__:_
control of RV infection is anticipated for the elimination 0/%%2
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Fig. 1. Construction of the infectious ¢cDNA clones from KRT and RVi/Matsue JPN/68. Gray arrows indicate the RT primers and direction of cDNA synthesis, and numbers are
genomic positions of RT primers. The six RT products were amplified by PCR with primer sets. Open arrowheads indicate the positions of primers. 5ix PCR fragments were
cloned at Eco Rl and Hind Hlin the MCS of pUC18. The full-length cDNA clones were constructed by combining each cDNA clone, using the restriction enzyme sites described

in the panel.

Four live attenuated rubella vaccine strains have been used in
Japan. The attenuation process differed for each strain with serial
passages of the wild-type rubella viruses in different primary cells
and cell lines at 35°C or less [6). Ohtawara et al. [7] also reported
that all Japanese rubella vaccine strains exhibit unique charac-
teristics of temperature sensitivity (fs) in cultured cells. Although
the wild-type strains show approximately 10-fold lower infective
titers at a restrictive temperature of 39°C than at a permissive
temperature of 35 or 37°C, the vaccine strains with ts phenotype
demonstrate growth at 39 <C that is 1/1000 that at 35 or 37°C.

In this study, we determined the complete genomic sequences
of both the KRT live attenuated rubella vaccine and the wild-type
RVi/Matsue.JPN/68 strain circulating at the same time and in the
sameregion as the progenitor wild-type of KRT. Reverse genetic sys-
tems (RG) for the two strains were developed [8-13], and a series of
recombinant chimeric viruses and point-mutated viruses were gen-
erated from KRT and RVi/Matsue JPN/68 and point-mutated viruses
were generated to investigate the region responsible for the ts phe-
notype. Through infection experiments in cultured cells, the p150
gene, especially the histidine at position 1042, was determined to
be responsible for the ts phenotype of the KRT strain. This is the
first report to identify the region responsible for the ts phenotype
of a live attenuated rubella vaccine at the molecular level.

2. Materials and methods
2.1. Cells and viruses

Vero and RIK13 cells were maintained in Eagle's minimum essen-
tial medium (MEM) (Sigma-Aldrich, MO, USA) supplemented with
5% fetal bovine serum (FBS), penicillin (100 U/ml) and streptomycin
(100U/ml). RVs of the KRT and RVi/MatsueJPN/68 strains prop-
agated in RK13 and Vero cells were used in this study. The KRT
vaccine strain was supplied by the Kitasato Institute Research Cen-
ter Biologicals and the wild-type RVi/Matsue JPN/68 strain was
kindly provided by Y. Umino, NIID Japan.

2.2. Preparation of viral RNA, amplification of viral cDNA and
nucleotide sequencing

Monolayers of RK13 cells grown in 6-well plates were infected
with RVi/Matsue.JPN/68, and the culture medium was harvested
on day 5 post-infection. Viral RNA was extracted from the culture
medium of RVi/Matsue.JPN/68 and bulk material of the KRT vaccine
with MagExtractor -Viral RNA- (TOYOBO, Osaka, Japan) following
the instruction manual, and used for first-strand cDNA synthesis.
The primers used for reverse transcription (RT) and the polymerase
chain reaction (PCR)are showninFig. 1. First-strand cDNA synthesis
was carried out at 50°C for 1 hina 10-pl reaction mixture contain-
ing viral RNA, 5 pmol of reverse primer based on the RV genome
or poly deoxythymidine (poly dT) primer, 100U of SuperScript Il
reverse transcriptase (Invitrogen, CA), 40 U of RNasin Plus Ribonu-
clease Inhibitor (Promega, Madison, WI) 5.0mM DTT, 125 pM
dNTP Mix (125 uM each of dATP, dGTP, dCTP and dTTP), 50 mM
Tris—HCl. 75 mM KCl, and 300 .M MgCl;. First-strand cDNA, PCR,
and sequencing primers were designed by referring to the sequence
reports of TO-336 wt (Genbank accession number AB047330), TO-
336vac (AB047329) and RA27/(3 vaccine (L78917). For sequencing
the 5' and 3" end of the genome, 5' and 3'-Full RACE core kits
(TakaRa, Shiga, Japan) were used with 5'-TCACTGACCTGCATCT-3'
{genome position [gp] 219-234) and poly dT. The first-strand cDNA
was amplified by nested or semi-nested PCR in six overlapping
fragments. The amplification was performed in a 50-ul reaction
mixture, containing cDNA, 25 pmol of the primer set, 5% dimethyl
sulfoxide (DMSO) and TaKaRa La Tag polymerase (TaKaRa) with
the PCR mixture provided by the manufacturer. The reaction was
carried out under thermal cycling conditions for 3 min at 95 °C fol-
lowed by 30 cycles of 205 at 95°C, 30s at 62°C, and 905 at 68=C
with some modifications. PCR products were excised and used for
sequencing with a DYEnamic ET Terminator Cycle sequencing Kit
(GE Healthcare Bio-Science, N]), and analyzed with a 377 XL DNA
sequencer (Applied Biosystems, CA). M13RV and M13m4 sequenc-
ing primers were used to determine the nucleotide sequence of the
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Table 1
Comparnison of nucleotide (nt) and amino acid (a.a.) sequences between KRT [vac) and RVi/Matsue JPN/G8 [wt).
NSPb 5pe

5UTR? p150 oo J-UTR® ¢ E2 El 3 UTR
nt 40 3903 2442 900 846 1443 62
vac/wt! (%) 2(5.0) 69 (1.77) 65 (2.66) 5(4.17) 27(3.0) 27(3.19) 36(2.49) 1161
aa. 1301 814 300 282 481
vac/wt! 15 1 4 8 5
(%) (115) (0.12) (1.33) (2.84) (1.04)

4 UTR was an untranslated region.

¥ NSP was a nonstructrual precursor polyprotein encoding two nonstructural proteins, p150 and p90.

© SPwas a structural precursor pcllypmtein encoding three proteins, capsid, E2, and E1.
4 The number of nucleotides or amino acid residues differed between the KRT vaccine (vac) and wild RVi/Matsue JPN/68 (wt) strains.

5" and 3’ ends of the genome cloned into the multi-cloning site
(MCS) of pUC18 that were constructed with the 5’ and 3'-Full RACE

core kits.

2.3. Construction of infectious cDNA clones of KRT and
RVi/Matsue JPN/68

Based on the entire genome sequence of the KRT and
RVi/Matsue.JPN/68 strains, viral cDNA was synthesized with six
primers. and cDNAs were amplified with KOD plus DNA poly-
merase (TOYOBO). The amplified regions and primer sets are
summarized in Fig. 1. For cloning of the cDNAs into the MCS
of puUC18, Hind I (italic: aagcet) and Eco RI (italic: gaattc)
restriction enzyme sequences were linked to the 5 end of the
forward and reverse primers, respectively. These fragments were
digested with Hind Il and Eco RI and cloned into the MCS of
pUCIS. All fragments inserted into the plasmid were confirmed
by using appropriate restriction enzymes and sequenced. Indi-
vidual clones were digested with restriction enzymes as shown
in Fig. 1 and ligated with each other to construct the full-
length cDNA clones of KRT and RVi/Matsue.JPN/68. The T7 RNA
promoter sequence was introduced at the 5 end and a polyA
tail at the 3" end of the full-length ¢DNA, and sub-cloning of
cDNAs covering the 5 and 3’ ends of the viral genome was
carried out. The T7 RNA promoter sequence (double underline)
was introduced after amplification, using as a forward primer 5'-
tgtcaagctitaatacgactcactataggCAATGGCAGCTATCGGACC-3' for KRT
and 5'-tgtcaagctttaatacgactcactataggCAATGCAAGCTATCGGACC-3'
for RVi/Matsue.PN/68 (gp 1-19) with the reverse primer 5'-
agtcgaattcACTCGGCAGCAGACCAGCCG-3' (gp 2863-2882). A polyA
tail was also introduced after the amplification, using as a forward
primer, 5'-agtaaagcttGTCTCTTGATCACGCCCTCG-3' (gp 8110-8129)
and reverse primer, 5'-attagaattcactagtT;qCTATGCAGCAACAG-3'
(gp 9649-9762), which includes restriction sites for Eco Rl
and Spe | (italic: actagt) downstream of the poly dT;g tract
[11]. Modified 5 and 3’ ends were confirmed by sequencing
and reintroduced into the full-length ¢cDNA with appropriate
restriction enzymes. The infectious cDNA clones constructed
from KRT and RVi/Matsue JPN/68 were named pKRT and pRVIM,
respectively.

2.4. Construction of cDNA clones of recombinant chimeric viruses
and point mutation viruses

Recombinant cDNA clones based on pKRT and pRViM were gen-
erated by using appropriate restriction enzymes. Along with the
genome structure of RV, we generated eight recombinant infectious
cDNA clones designated pKRT-rec1-8. The recombinant construct
pKRT-rec1 was generated by replacing the region from Hind Il to
Nco | (gp 5 end to 39) containing the 5° UTR sequence, respec-

tively. The recombinant rec2 and rec3 constructs which cover the
entire ORF of the NSP genes (p150 and p90) were generated by
replacing the region between the two Nco | sites (gp 39-4023) con-
taining most of the p150 gene and the region from Bsm [ to Not |
(gp 3243-6623) containing most of the p90 gene, respectively. The
recombinant rec4 construct was generated by replacing the region
between the two PspX | sites (gp 6338-6557) containing the J]-UTR
sequence. As for the ORF of the SP genes, the recombinant rec5,
rec6, and rec7 constructs were generated by replacing the region
from Xmn I to Asc [ (gp 6514-7319), Asc [ to Pst I (gp 7319-8232),
and Pst 1 to AsiS I (gp 8232-9457), for C, E2, and E1, respectively.
The recombinant fec8 construct was generated by replacing the
region from AsiS | to Eco Rl (gp 9457-3" end) containing the 3" UTR
sequence. To construct the recombinant cDNA clones in the p150
region, we generated the four recombinant constructs pKRT-p150
recl, 2. 3, and 4 by using the restriction enzyme sites Mfe 1 (gp 126),

Table 2
Differences in amino acid residues of KRT and RVi/Matsue. JPN/68.

Coding region Amine acid position Strain

KRT RVi{Maltsue JPN/GS
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