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specific mutations, because other Neisseria spp. did not have
this mutation. Interestingly, a PenA nonmosaic strain, NG-
120, tended to be more sensitive to aztreonam, a monobac-
tam, unlike other PenA mosaic strains. It remains possible
that these strains have other features, but it was difficult to
explain such phenomena in this study.

In PenA mosaic strains with reduced susceptibility to
cefixime and ceftriaxone isolated in 2006, the PenA amino
sequences of NG-109, -110, -118, -121, and -122 were quite
similar to the PenA of N. perflavalsicca and N. cinerea as
well as N. flavescens and N. meningitidis (Fig. 2). In other
Neisseria spp., it was reported that one of the donors confer-
ring penA to N. meningitidis was identified as a naturally
penicillin-resistant species, N. flavescens.”’ These gene
transformations between commensally resistant Neisseria
spp- and the original susceptible gonococci might have been
caused. by widespread. commercial oral sex, and have
enhanced the spread of reduced susceptibility to cephems.”
An N. gonorrhoeae PenA with mosaic structures that
confers reduced susceptibility to cefixime might have been
constructed by various partial PenA from other Neisseria
spp. (Fig. 3A,B). In this modeling study of mosaic PenA in
NG-109, it is suggested that the PenA 3D conformation of
the mosaic strain exchanged with other Neisseria spp.
reduced the affinity to PenA of cephem antibiotics, includ-
ing cefixime or ceftriaxone. Moreover, each domain in
PeriA of NG-109 had other alterations of amino acid resi-
dues which were not found in other Neisseria spp., suggest-
ing that these alterations were induced to maintain the
aclivity of PenA, since they were not found in other Neis-
seria spp.

In conclusion, we consider. that the cause of reduced
susceptibility to cephems is a conformational alteration of
the B-lactam-binding pocket in PenA. A homology model-
ing simulation of PenA suggests that PenA mosaic sequences
and the mutation of Ala-501 to Val near the P-lactam
binding site Ser-310 of the PenA nonmosaic strain caused
reduced susceptibility to penicillins or other cephem antibi-
otics. N. gonorrhoeae PenA with mosaic structures might
have emerged by the transduction of regions from PenA of
other Neisseria spp.

The reduction of susceptibility to antimicrobial agents
has obviously progressed. Continual surveillance and moni-
toring of susceptibility to antimicrobial agents and genetic
analysis are needed not only to reveal the detailed mecha-
nism of resistance in N. gonorrhoeae, but also to select new
therapeutic agents.

References

1. Tapsall L ‘Antimicrobial . resistance: in- Neisseria: gonor-rhocae.
World '~ Health . Organization : 20013 Report - WHO/CDS/CSR/
DRS/2001.3.

2. Belland ‘RJ, Morrison' SG; Ison.: C; - Huang WM. Neisseria gonor-
rhoeae acquires mutations in-analogous regions of gyrA and parC
in" fluoroguinolone-resistant - isolates. Mol - Microbiol 1994:14:
371-80.

3. Deguchi T, Yasuda M, Nakano M, Ozeki S, Ezaki'T, Saito I, et al.
Quinolone-resistant: Neisseria gonorrhoeae: correlation: of altera-

— 230 —

9.

10.

12,

13,

15.

16.

19.

20.

o

21

22

tions in the GyrA subunit of DNA gyrase and the ParC subunit of
topoisomerase IV with antimicrobial susceptibility profiles. Anti-
microb Agents Chemother 1996:40:1020-3,

. Su X. Lind 1. Molecular basis of high-level ciprofloxacin resistance

in Neisseria gonorrhioeae strains isolated in Denmark from 1995 to
1998. Antimicrob Agents Chemother 2001:45:117-23.

. Tanaka M, Nakayama H, Haraoka M, Saika T, Kobayashi 1, Naito

S. Susceptibilities of Neisseria gonorrhoeae isolates containing
amino acid substitutions in GyrA, with or without substitutions in
ParC. to newer fluoroquinolones and other antibiotics. Antimicrob
Agents Chemother 2000:44:192-5.

. Tanaka M. Sakuma S, Takahashi K, Nagahuzi T, Saika T,

Kobayashi I, et al. Analysis of quinolone resistance mechanisms in
Neisseria. gonorrhoeae isolates in vitro. Sex Transm Inf 1998;
74:59-62.

. Centers of Disease Control [or Prevention. Sexually transmitted

diseases treatment guidelines; 2006. MMWR 2006:55(No. RR-11):
1-94,

. Kumamoto Y. Tsukamoto T, Nishiya [. Akaza H, Noguchi M.

Kamidono S, et al. Sexually transmitted disease surveillance in
Japan (rate per 100000/year by disease, age and gender: 1998). Ipn
J Sex Transm 1999:10:40-60.

Akasaka S, Muratani T, Yamada Y, Inatomi H, Takahashi K,
Matsumoto T. Emergence of cephem- and aztreonam-high-
resistant  Neisseria gonorrhoeae that does not produce beta-
lactamase. J Infect Chemother 2001:7:49-50.

Muratani T, Akasaka S, Kobayashi T, Yamada Y, Inatomi H,
Takahashi K, et al. Outbreak of cefozopran (penicillin, oral
cephems, and aztreonam)-resistant Neisseria gonorrhoeae in Japan.
Antimicrob Agents Chemother 2001:45:3603-6.

. Japanese Society for Sexually Transmitted Disease: Guidelines for

diagnosis and treatment of sexually transmitted disease 2006. Jpn
J Sex Transm Dis 2006;17(1 Suppl):35-9.

Dougherty TJ, Koller AE. Tomasz A. Penicillin-binding proteins
of penicillin-susceptible and intrinsically resistant Neisseria gonor-
rhoeae. Antimicrob Agents Chemother. 1980;18:730-7.

Brannigan JA, Tirodimos 1A, Zhang QY, Dowson CG, Spratt BG.
Insertion of an extra amino acid is the main cause of the low alfinity
of penicillin-binding protein 2. in penicillin-resistant strains of
Neisseria gonorrhoeae. Mol Microbiol 1990:4:913-9.

. Dowson CG, Jepheott ‘AE, Gough KR, Spratt BG. Penicillin-

binding protein 2 - genes of non-beta-lactamase-producing.
penicillin-resistant strains of Neisseria gonorrhoeae. Mol Microbiol
1989:3:35-41.

Smith IM, Dowson CG, Spratt’ BG. Localized sex in bacteria,
Nature 1991:349:29-31.

Spratt BG. Hybrid: penicillin-binding -proteins  in - penicillin-
resistant strains of Neisseria ‘gonorrhoeae. Nature: 1988:332:173-
6

. Ameyama S, Onodera S, Takahata M, Minami S, Maki N; Endo

K, et al. Mosaic-like structure of penicillin-binding protein'2 Gene
(penA) in clinical isolates of Neisseria gonorrhoeae with reduced
susceptibility to cefixime. Antimicrob Agents: Chemother 2002:46:
3744-9.

. Faruki H. Sparling PE Genetics of resistance 'in: a non-beta-

lactamase-producing gonococcus with relatively high-level penicil-
lin resistance. Antimicrob Agents Chemother 1986:30:856-60.
Gill MJ, Simjee S, Al-Hattawi K, Robertson: BD, Easmon CSE,
Ison CA. Gonococeal resistance to beta-lactams and tetracycline
involves mutation in loop 3 of the porin encoded at the pen B locus.
Antimicrob Agents Chemother 1998:42:2799-803.

Ropp PA. Hu M, Olesky M, Nicholas RA. Mutations in ponA. the
gene encoding penicillin-binding protein_ 1, and. a novel. locus,
penC, are required for high-level chromosomally mediated penicil-
lin Tesistance in Neisseria gonorrhoeae. Antimicrob Agents Che-
mother 2002:46;769-77.

Zhao S, Tobiason DM, Hu M; Seifert HS; Nicholas RA. The penC
mutation conferring antibiotic resistance in:Neisseria gonorrhoeae
arises from a mutation in the PilQ secretin that interferes with
multimer stability. Mol Microbiol 2003;57:1238-51.

Tanaka M, Nakayama H., Huruya K, Konomi I, Irie S, Kanayama
A; et al. Analysis of mutations within multiple genes associated
with resistance in a clinical isolate of Neisseria gonorrhoedae with
reduced celtriaxone susceptibility that shows a multidrug-resistant
phenotype. Int J Antimicrob Agents 2006;27:20-6.




25

26.

28.

29.

30.

. Obara Y, Yamai §, Nikkawa T. Shimoda Y, Miyamoto Y. Preser-

vation and transportlation of bacteria by a simple gelatin disk
method. J Clin Microbiol 1981:14:61-6.

24, Clinical and Laboratory Standards Institute. Methods for dilution

antimicrobial susceptibility tests for bacteria that grow aerobicaliy.
Approved standard. 7th ed. M7-A7 26 (2). Wayne: Clinical and
Laboratory Standards Institute; 2007,

PRIME 1.5, Schrodinger, LLC, Portland.

Dessen A, Mouz N, Gordon E, Hopkins J, Dideberg O. Crystal
structure of PBP2x from a highly penicillin-resistant Streprococcus
pneumoniae clinical isolate: a mosaic framework containing 83
mutations. J Biol Chem 2001:276:45106-12,

. Case DA. Cheatham 111 TE, Darden TA, Simmerling CL, Wang

J, Duke RE, et al. AMBER 8. San Francisco: University of
California; 2004,

Jorgensen WL, Chandrasckhar J, Madura JD, Tmpey RW, Klein
ML. Comparison of simple potential functions for simulating liquid
water. J Chem Phys 1983;79:926--35.

Goffin €, Ghuysen JM. Biochemistry and comparative genomics
of SxxK superfamily acyltransferases offer a clie fo the mycobacte-
rial paradox: presence of penicillin-susceptible target proteins
versus lack of efficiency of penicillin as therapeutic agent. Micro-
biol Mol Biol Rev 2002:66:702-38.

Hagman KE. Pan W, Spratt BG, Balthazar JT, Judd RC, Shafer
WM. Resistance of Neisseria gonorrhoeae to antimierobial hydro-
phobic agents is modulated by the mrrRCDE efflux system. Micro-
biology 1995;141(Pt 3):611-22.

L9

(S8
2

203

. Hagman KE, Shafer WM. Transcriptional control of the mur efflux

system of Neisseria gonorrhoeae. J Bacteriol 1995:177:4162-5.

. Zarantonelli L, Borthagaray G, Lee EH, Shafer WM. Decreased

azithromyecin susceptibility of Neisseria gonorrhoeae due 1o mirR
mutations. Antimicrob Agents Chemother 1999;43:2468-72.

. Saika T, Nishiyama T, Kanayama A, Kobayashi I, Nakayama H,

Tanaka. M., et al. Comparison of Neisseria gonorrhoeae isolates
from: the genital tract and pharynx of two gonorrhea patients.
J Infect Chemother 2001:7:175-9.

. Tanaka M, Nakayama H. Notomi' T, Irie S, Tsunoda Y. Okadome

A,et’al. Antimicrobial resistance ‘of Neisseria gonorrhocae in
Japan; 1993-2002: continuous increase of ciprofloxacin-resistant
isolates. Int J Antimicrob Agents 2004:24(Suppl 1):815-22.

. Takahata S. Senju N, Osaki Y, Yoshida T. Ida T. Amino acid

substitutions in mosaic penicillin-binding protein 2 associated
with reduced susceptibility to cefixime in clinical isolates of
Neisseria goriorrhioeae: Antimicrob Agents: Chemother 2006:50:
3638-45.,

. Whiley DM. Limnios EA, Ray S. Sloots TP, Tapsall JW: Diversity

of penA altcrations and subtypes in Neisseria gonorrlioeae strains
from Sydney, Australia; that are: less susceptible to ceftriaxone.
Antimicrob Agents Chemother 2007:51:3111-6.

. Spratt BG, Zhang QY. Jones DM, Hutchison A. Brannigan JA,

Dowson CG. Recruitment of a penicillin-binding protein gene
from Neisseria flavescens during the emergence of penicillin resis-
tance in Neisseria meningitidis. Proc Nall Acad Sci USA 1989:86:
898892,

— 231 —



Journal of Medical Virology 81:1605-1612 (2009)

Serologic and Genotypic Analysis of a Series of
Herpes Simplex Virus Type 1 Isolates From Two
Patients With Genital Herpes

Kenichi Umene,'* Takashi Kawana,? and Yasuyuki Fukumaki®

1Faculty of Human Environmental Science, Department of Nutrition & Health Science, Fukuoha Woman’s University,
Fuhuoka, Japan

Department of Obstetrics and Gynecology, Mizonokuchi Hospital, Teikyo University, Kawasaki, Japan

3Divisior of Human Molecular Genetics, Center for Genetic Information, Medical Institute of Bioregulation,

Kyushu University, Fukuoka, Japan

Herpes simplex virus type 1 (HSV-1) has been
reported increasingly as a cause of genital herpes,
although HSV-1 is usually associated with oro-
labial herpes. In the present study, serum spegci-
mens and materials for viral isolation were
obtained serially from two patients with recrude-
scent HSV-1 genital infections to study serolagy
and molecular epidemiology. Recurrent episodes,
during which HSV-1 was isolated, were followed
by an increase in the level of anti-HSV-1 antibody,
suggesting a booster effect from re-exposure to
viral antigens and the possible usefuiness of the
variation in the level of anti-HSV-1 antibody to
diagnose recurrence. While genotypes of HSV-1
isolates obtained from one patient were different
from those from the other patient, genotypes of
sequential HSV-1 isolates obtained from the same
patient were the same, implying that the recru-
descent genital lesions of the two patients could
be attributed to endogenous recurrence of a latent
virus. Sera from one patient neutralized HSV-1
isolates obtained from the other patient as well as
HSV-1isolates obtained from the same patient. An
HSV-1 isolate obtained during a later episode in
one patient was neutralized by sera taken before/
during the later episode of the same patient, as
effectively as an HSV-1 isolate obtained during an
earlier episode in the same patient; thus, in these
two cases, HSV-1 was assumed to have multiplied
during recurrence despite the presence of an anti-
HSV-1 antibody that could neutralize experimen-
tally HSV-1. J. Med. Virol. 81:1605-1612,
2009. © 2009 Wiley-Liss, Inc.

KEY WORDS: recurrence; antibody; RFLP;
hypervariable region; molec-
ular epidemiology
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INTRODUCTION

Herpes simplex virus (HSV) is a ubiquitous human
pathogen that is classified into two serotypes, HSV-1
and HSV-2: HSV-1 is the usual cause of oro-labial
herpes, while HSV-2 is usually acquired as a genital
infection. Typical HSV infection proceeds through three
stages of primary infection, latency, and recurrence;
hence, HSV has the ability to reactivate periodically,
resulting in a productive infectious virus. Clinical and
sub-clinical reactivation of HSV with resultant viral
shedding is related with the transmission of HSV; thus,
anti-viral therapy is expected to reduce the frequency
and degree of viral shedding and to lower the trans-
mission rate [Sacks et al., 2004]. Genital herpes, a
disease marked by recurrent ulcerative lesions, is one of
the most prevalent sexually transmitted diseases
[Geretti, 2006; Gupta et al., 2007]). HSV-2 is the most
common cause, but recent reports suggest that an
increasing percentage of genital herpes is caused by
HSV-1[Kawanaetal., 1982; Sucatoet al., 1998; Haddow
et al., 2006]. HSV-1 genital infection is less likely to
recur than that caused by HSV-2 [Reeves et al., 1981;
Lafferty et al., 1987].

The two HSV strains are differentiated usually by
analyzing DNA when they are unrelated epidemio-
logically; hence, transmission of a strain can be
traced [Buchman et al., 1978, 1979; Chaney et al.,
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1983; Sakacka et al., 1995; Umene, 1998ab]. Dif-
ferences in DNA detected between HSV strains using
restriction endonuclease (RE) are divided into two types:
restriction fragment length polymorphism (RFLP) and
“common-type variation” [Umene et al., 1984; Umene,
1998a,bl. RFLP, which is due mostly to the gain or loss of
an RE cleavage site, is stable and serves as a physical
marker of the HSV genome in genetic and epidemio-
logical studies [Buchman et al,, 1978; Chaney et al,,
1988; Sakaoka et al., 1994; Umene and Kawana, 2000].
The other type variation (“common-type variation”) is
located in fragments containing tandemly repeated
sequences and is also called a hypervariable region
[Umene and Yoshida, 1989; Maertzdorf et al., 1999].
Reiterated sequences in “common-type variation” have
a tendency to be more variable than other sequences,
and this property of reiteration makes way for a
beneficial marker when attempting to differentiate
HSV-1 strains [Umene and Yoshida, 1989; Umene,
1998a,b; Maertzdorf et al., 1999}, The use of a “com-
mon-type variation” as a marker should be avoided if the
copy number of reiterations changes so rapidly that it
would not be feasible to trace the strain back to the
source. The“common-type variation,” reiteration VII
within the protein-coding regions of genes US10 and
US11, proved sufficiently stable to differentiate HSV-1
strains [Umene and Yoshida, 1989; Maertzdorf et al.,
1999; Remeijer et al., 2001; 2002; Umene and Kawana,
2003},

HSV can cause recrudescent lesions and the respon-
sible viruses are postulated to derive from two sources:
(i) a virus that remains in the body following primary
infection (endogenous recurrence), in which case the
genomic profiles of HSV isolates would be the same;
(i1) re-infection with exogenous virus (exogenous re-
infection), in which case the genomic profiles of HSV
isolates would be different [Buchman et al.,, 1979
Sakacka et al., 1995; Umene et al., 2007].

Primary infections with HSV are followed by the
production of antibodies to the viral antigen: IgM
antibodies are produced transiently, while IgG anti-
bodies persist. HSV infections recur in spite of host
immune responses to the virus [Whitley and Miller,
2001; Koelle and Corey, 2003; Ramachandran and
Kinchington, 2007]. Although the possible role of anti-
bodies against viral antigens in the development of
recurrent lesions was explored, differences of opinion
remain regarding the relationship between the level of
anti-HSV antibody and recurrent HSV infection. The
present report describes the serologic status of two
patients with recrudescent HSV-1 genital infections and
genotypes of a series of HSV-1 isolates obtained from
each patient.

METHODS
Serologic Studies

Samples were assayed using two enzyme-linked
immunosorbent assay (ELISA)kits, the Herpes Simplex
IgG detection kit and Herpes Simplex IgM detection kit

. Med. Virol. DOI 10.1002/jmv

Umene et al.

(Denka Seiken, Tokyo, Japan), which detect IgG and
IgM antibodies to HSV, respectively, according to
the manufacturer’s instructions [Kawana et al., 1995;
Hashido et al., 1997; Kumaki et al., 2001). Antibody
index values were calculated by dividing the optical
density values for test specimens by the average of
the optical density values for the standard pooled
human serum containing low-titer IgG and IgM-type
antibody to HSV, respectively. Two other ELISA kits,
HerpeSelect-1 ELISA and HerpeSelect-2 ELISA (Focus
Technologies, Inec., Cypress, CA), which detect IgG
antibodies to glycoproteins G of HSV-1 and HSV-2,
respectively, were used to distinguish serologically
between HSV-1 and HSV-2 [Geretti, 2006]. Index values
were calculated by dividing specimen optical density
values by the mean of the cut-off calibrator absorbance
values. Neutralizing antibodies of a patient were
assayed using HSV-1 isolates obtained from the same
and the other patient (Tables I and II) [Kawana et al.,
1982].

HSV-1 Isolation and Extraction of HSV-1 DNA

Specimens for herpes simplex viral culture were
obtained by swabbing with cotton applicators, and
separate swabs were used to sample the cervix, vulva,
and anal areas of patients (Tables I and II) [Kawana
et al., 1982]. Specimens were inoculated onto cultures of
Vero cells, which were examined daily for a cytopathic
effect. Working stocks of HSV-1isolates were made on
Vero cells in Eagle’s MEM supplemented with 2% fetal
bovine serum at a low multiplicity of infection [Umene
et al.; 1984]. A Vero cell monolayer infected with HSV-1
stock was collected by low-speed centrifugation and
viral DNA was extracted by the method of Hirt [Umene
and Kawana, 2000].

Polymerase Chain Reaction
(PCR) and Sequencing

PCR to amplify the region encompassing the reiter-
ation VII region was carried out using a pair of primers:
5-GTGGGTTGGGCTTCCGGTGG-3' (nucleotide num-
ber 12,032-12,051) and 5-CCAGAGACCCCAGGGTA-
CCG-3' (12,288-12,307), as described [Umene et al.,
2007] [the nucleotide numbering system was a short
uniqueregion of HSV-1 strain 17, McGeoch et al., 1985].
The nucléotide sequences of HSV-1 isolates C81-C88,
corresponding to ' the ‘short unique region between
12,078 and 112,276 of strain 17, were submitted: to
DDBJ/EMBL/GenBank. The accession numbers are
AB426482 to AB426489.

CASE REPORTS
Case 1

A 40-year-old woman (patient 1), without a previous
history of genital herpes infection, presented with an
uncomfortable  vulvar ulcer with palpable inguinal
lymph nodes (Ist day in Table I). Serclogic tests and
attempts at viral isolation were carried out..When she
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TABLE 1. Patient 1
Antibody to HSV HSV-1 isolation
ELISA (index value) Neutralization
" - Derivation of Viral Isolate
Days IgG? IeM Anti-HSV-1°  Anti-HSV-2¢ HSV-1°  Titers materials culture’ no.
1 0.4 0.33 0.06 0.02 C81 <4 Vulva + C81
C84 <4 Cervix + C82
{C85) <4
(C88) <4
3 Vulva +
Cervix +
6 Vulva +
8 Vulva +
Cervix -
13 Vulva -
Cervix -
31 21.9 9.78 1.61 0.07 C81 45 Vulva -
C84 32 Cervix -
(C85) 32
(C88) 32
80 11.3 4.39 1.02 0.05 C81 23 Vulva -
C84 32 Cervix -
157 8.0 4.21 0.54 0.03 C81 11 Vulva —
C84 11 Cervix ~
(C85) 16
(C88) 11
227 28.6 3.19 1.03 0.03 C81 64 Vulva + C83
C84 45 Cervix -
(C85) 90
(C88) 90
230 Vulva -
Cervix -
237 82.2 2.64 2.32 0.03 C81 >128 Vulva -
C84 >128 Cervix -
290 29.1 2.84 1.51 0.04 C81 90 Vulva -
C84 128 Cervix -
414 18.8 2.62 2 0.03 C81 23 Vulva + C84
C84 23 Cervix =
(C85) 23
(C88) 45
419 63.1 2.46 4,11 0.05 C81 45 Vulva -
C84 45 Cervix -
(C85) 45
(C88) 80

*Herpes Siniplex IgQ detection kit (Denka Seiken) {Kumaki et 21:;:2001].
bHerpes Simplex IgM detection kit (Denka Seiken) (Kumaki et al., 2001].

“HerpeSelect-1 ELISA (Focus Technologies, Inc.) {Geretti, 2006].
dferpeSelect-2 ELISA (Foeus Technologies, Inc.) [Geretti, 2006},
°F1SV:1 isolates obtained from patiert 2 are indicated in parentheses.

‘A positive culture result (+) or a negative culture result (=) are indicated for each viral culture attempt.

visited the hospital (1st day), serology for antibodies to
HSV was negative and viral culture was positive for
HSV:1 isolates (€81 and C82), which were obtained from
materials taken on the 1st day from the vulva and cervix
(Table 1), On the 31st day, the anti-HSV antibody values
of both IgG and IgM classes were positive, and the anti-
HSV-1 antibody value was positive but anti-HSV-2 was
not; hence, the episode on the 1st day was assumed to
be the primary HSV-1 infection [Kalimo et al,, 1977,
Hashido et al., 1997]; thereafter, the levels of antibodies
decreased gradually (on the 80th and 157th days). On
the 227th day, she complained of recrudescent genital
lesions; and HSV-1 isolate C83 was obtained (Table I):
the level of anti-HSV-1 antibody increased on the

237th day (10 days later). On the 414th day, she visited
the hospital because of recrudescent genital lesions, and
HSV-1 isolate C84 was obtained (Table I): the level of
antizHSV-1 antibody increased on the 419th day (5 days
later).

Case 2

An 18-year-old woman (patient 2), with a previous
history of genital herpes infection, presented with
multiple vulvar vesicles without palpable inguinal
lymph nodes (1st day in Table II), and HSV-1 isolates
(C85 and C86) were obtained. On the 1st day, IgG and
anti-HSV-1 antibody values were positive, albeit low,

J. Med. Virol. DOI 10.1002jmv
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TABLE II. Patient 2

Antibody to HSV

HSV.1 isolation

ELISA (index value) Neutralization
. - - Derivation of Viral Isolate
Days IgG® IgM Anti-HSV-1°  Anti-HSV-2¢  HSV-1*  Titers materials culture’ no.
1 1.9 0.31 1.06 0.04 {C81) <4 Vulva + C85
(C84) 4 Cervix + C86
C85 4
88 <4
6 Vulva -
Cervix -
13 85.0 0.43 6.08 0.08 (C81) 45
(C84) 45
C85 64
C88 45
20 Vulva -
Cervix -
169 10.0 0.32 1.75 0.04 (C81) 23 Cervix + C87
(C84) 23 Anal areas —+ C88
C85 11
C88 11
178 105.0 0.35 6.75 0.04 {C81) >128 Cervix -
(C84) 128 Anal areas -
€85 >128
€88 >128
272 17.8 0.29 2.26 0.05 Vulva -
Cervix -
286 Vulva -
Cervix -
370 10.3 0.48 1.93 0.11 Vulva -
Cervix -
Anal areas -
391 Vulva -
Cervix —

*Herpes Simplex IgG detection kit (Denka Seiken) [Kumaki et al., 2001).
PHerpes Simplex IgM detection kit (Denka Seiken) [Kumaki ef al., 2001}.

“‘HerpeSelect-1 ELISA (FPacus Technologies, Inc.) |Geretti, 20061.
HerpeSelect-2 ELISA (Focus Technologies, Tne.) |Geretti, 2006];
SHSV-1 isolates obtained from patient 1 are indicated in parentheses.

A positive culture result (+) or a negative culture result (=) are indicated for each viral culture attempt.

and no significant increase in the level of IgM was
seen on the 13th ‘day (12 days later), although a
marked increase in IgG and anti-HSV-1 antibody was
shown in comparison with that onthe 1st day; hence, the
episode on the 1st day was thought to be recrudescent
HSV:-1 infection. The levels of IgG and anti-HSV-1
antibody on the 169th day were lower than on the
13th day. On the 169th: day, she visited the hospital
with recrudescent genital lesions, and HSV-1 isolates
(C87and C88) were obtained (Table II): the level of anti-
HSV-1 antibody increased on the 178th day (9 days
later).

RESULTS
Analyses of DNA of Sequential HSV-1 Isolates

Four HSV-1 isolates of C81-C84 were obtained
sequentially from patient 1, and the other four isolates
of C85-C88 were from patient 2 (Tables I and II).
Analyses of the DNA of HSV-1 ‘isolates obtained
sequentially from the same individual are useful to
determine whether recrudescent lesions are attribut-
able to endogenous recurrence or exogenous re-infection

J. Med. Virol. DOI 10.1002/jmv

[Buchman et al.; 1979; Sakaoka et al.; 1995; Umene
et al.; 2007]. DNA of eight HSV-1 isolates C81-C88 was
analyzed with respect to- RFLP and reiteration VIL

A set'of 20 RFLP markers, which: are distributed
widely on the HSV-1 genome and used to classify HSV-1
isolates into genotypes; was . defined  previously
(Table III) [Umene and Kawana; 2000]. These RFLP
markers can be identified by Southern hybridization
analyses of the. DNA of HSV-1 isolates digested with
each RE of BamHI, Kpnl, and Sall [Umene et al;; 1984;
MecGeoch et al, 1988]. Southern hybridization analyses
of the 20 RFLP markers were performed, and RFLP
profiles were the same between HSV-1 isolates obtained
from the same patient. In previous studies, HSV-1
isolates were classified into a number of genotypes based
on the state of the 20 RFLP markers, and genotypes
were defined. The genotypes of four isolates, C81—-(C84,
from patient 1 were the same as genotype F35 defined
previously [Umene and Kawana, 2000; Umene et al,,
2007]. Four isolates of C85-C88 separated from patient
2did'not belong to any genotype defined previously, and
the genotype of C85-C88 was named F85 in the present
study (Table III).
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TABLE III. RFLPs Used for Differentiation of HSV-1 Isolates

1609

RFLPs? HSV-1 isolates (genotype)
EcoRI C81-C84 C85-C88
Name Definition probe (F35%) (F85°%)
VR11 Gain of the Sall site between fragments I and C (and F) i) + +
VR25 Loss of the Sall site between fragments Z and H’ D + -
VR24 Loss of the Kpnl site between fragments Z and E D - -
VR23 Gain of the Kpnl site on fragment E generating two fragments of D + -
5.5 and 5.7 kbp
VR21 Loss of the BamHI site between fragments A’ and A D - -
VR22 Gain of a BamHI site on fragment A generating two fragments of D - -
1.7 and 9.5kbp
VR3 Loss of the Kpnl site between fragments Ma and Mb F + +
VRS Smaller Sall N fragment of 4.8 kbp instead of 5.0 kbp F - -
VRE Gain of the BamHI site between fragments W and K’ o -+ +
VR7 Loss of the BamHI site between fragments D and H A - +
VR61 Smaller BamHI O fragment of 3.7 kbp instead of 3.9 kbp A - -
VRS Loss of the Sall site between fragments K and C A + -
VR64 Gain of a Kpnl site on fragiment Aa generating two 5.0 kbp {ragments A - -
VR9 Loss of the Kpnl site between fragments Aa and Ab A - +
VR67 Larger Sall T fragment of 4.0 kbp instead of 3.7 kbp A - -
VR73 Gain ofba Sall site on fragment Q generating two fragments of 3.5 and 1 + -
0.6 kbp
VR10 Gain of the Kpnl site between fragments Aband Y 1 + +
VR72 Loss of the Kpnl site between fragments T and O 1 + -
VRI3 Gain ofba Kpnl site on fragment F generating two fragments 0f6.9 and H - —
3.5kbp
VR94 Loss of the Kpnl site between fragments FF and K H - -

*Pwenty RFLPs were defined previously and are arranged in the order on the HSV-1 genome {McGeoch et al., 1988; Umene and Kawana, 2000}.
bitour isolates of C81-C84 from patient 1 were classified into genotype F35 defined previously [Umene and Kawana, 2000].
Four isolates of C85~C88 from patient 2 did not belong to any genotype defined previously, and the genotype of C85-C88 was named F85 in the

present study.

The “common-type variation” of reiteration VII is a
beneficial marker for the differentiation of HSV-1
isolates [Umene and Yoshida, 1989; Maertzdorf et al.,
1999; Remeijer et al., 2001, 2002; Umene and Kawana,
2003; Roest et al., 2004]. DNA regions encompassing
reiteration VII of C81—C88 were amplified by PCR, and
nucleotide sequences of PCR-amplified DNA fragments
were determined (Fig. 1). Nucleotide sequences of
(81-C84 from patient 1 were the same, and those of
C85-C88 from patient 2 were also the same. Nucleotide
sequences of C81-C84 were different from those of
C85-C88 (Fig. 1). The results obtained in this study
concerning RFLP and reiteration VII of €81-C88
suggested that the sources of HSV-1 isolates obtained
from the same patient were the same; hence, the
recrudescent genital lesions of patients 1 and 2 were
thought tobe attributable to endogenousrecurrence, not
exogenous re-infection.

Neutralizing Antibodies to HSV-1 Isolates

HSV-1 jsolates were obtained successfully in the
present study from patients from whoimn sera were
drawn; thus, the neutralizing antibody in sera could
be tested with HSV-1 isolate from the same patient
(Tables I and II). Titers of neutralizing antibodies were
examined using HSV-1 isolates, C81 and C84, which
were obtained from patient 1 on the 1st and 414th days,
respectively (Table I), and C85 and C88, obtained from

patient 2 on the 1st and 169th days, respectively
(Table II).

Neutralizing antibody values in patient 1 appeared to
be negative on the 1st day; however, they were positive
for HSV-1isolates from patients 1 (C81, C84) and 2(C85,
C88) on the 31st day (30 days later) (Table I). C84
obtained on the 414th day (the later episode) was
neutralized by sera taken between the 31st and
414th days, as well as C81 obtained on the 1st day (the
earlier episode); hence, C84 was supposed to have
multiplied despite the presence of an antibody that
could neutralize experimentally C84.

The level of neutralizing antibodies in patient 2 was
low on the 1st day; however, a marked increase was
shown for HSV-1 isolates from patients 1 (C81, C84) and
2 (C85, C88) on the 13th day (12 days later) (Table 1D).
(88 obtained on the 169th day (the later episode) was
neutralized by serum taken on the 13th day (156 days
before the separation of C88), as well as C85 obtained on
the 1st day (the earlier episode), suggesting the miudti-
plication of C88 despite the presence of an antibody that
could neutralize experimentally €88.

DISCUSSION

HSV reactivation occurs in the presence of anti-
HSV serum antibody and the relationship between
HSV recurrence and the level of anti-HSV antibody is
controversial, First, a difference of opinion over the level

J. Med. Virol. DOI 10.1002/imv
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12120
Strain 17 gGA}_’II‘ICCCGACGCGGGCCCGAGCGTATGCTCCATGTTGTGGGGAGAAGG
am
12120
C81-C84 QBIGAI?I‘ICCCGACGCGGGCCCGAGCGTA(_IGCTQCATQTTGTGGGGAGAAGG
am - - =
12120
C85-C88 IC;IGA’II‘CCCGACGCGGGCCCGAGCGT ATGCTCCATCTTGTGGGGAGAAGG
amH -
12180

GGTCTGGGCTCGCCAGGGGGGCATACTTGCCCGGGCTATACAGACCCGCGAGCCGTACGT

12180
GGTCTGGGCTCGCCAGGGGGGCATACTTGCCCGGGCTATACAGACCCGCGAGCCGTACGT

12180
GGTCTGGGCTCGCCAGGCGGGGCATACTTGCCCGGGCTATACAGACCCGCGAGCCGTACGT

12236
GGTTIGCGGGGGGTGCOTGGGCTCCGGOGCTCCCGGGGAGOCCCEEGCTCCCGGEG--mmmv

12218
GGTTCGCGGGGGGTGCGTGGGGTCCGGGGCTCCCGGGG

12276
CGGGGCTCCCIGGGAGACCGGGGTTGTCGTGGATCC
BamHI

12236+13
TTGTCGTGGATCC
BaniH1

12218431
coeeee CTCCCTGGGAGACCGGUGTTGTCGTGGATCC
BamHl

Fig. 1. Nucleotide sequences of a region encompassing reiteration VII of HSV-1. Nucleotide sequences of
strain 17 (standard strain), isolates C81-~C84 ('35 genotype), and isolates C85--C88 (F85 genotype). The
nucleotide numbering system is the short unique region of strain 17 [McGeoch et al., 1985} Nucleotide
sequences recognized by BamHI are sirigle underlined. Nucleotides of HSV-1 isolates C81-C88 different
from the corresponding nucleotides of strain 17 are double underlined. Each ¢opy of 18-bp tandem repeats

Umene et al.

of reiteration VILis underlined by a dotted or broken line.

of anti-HSV antibody before/during recurrence was
seen. Antibody titers were lower among those in whom
herpes labialis was induced by experimental exposure
to ultraviolet radiation compared to those who were
exposed but did not develop lesions [Spruance et al.,
19951, suggesting an association of a low antibody level
with ' recurrence;  however, individual  susceptibility
to recurrent herpetic facial infections did not correlate
with: changes- in antibody levels in another study
[Zweerink and  Stanton, 1981]. ' Vaccination with
recombinant HSV-2 glycoprotein had  no ‘significant
influence on the subsequent frequency of genital herpes
reactivation, - although high levels of HSV-2-specific
neutralizing antibodies  were induced [Corey et al,
1999]. In the present study, the level of anti-HSV-1
antibody  during a recurrent episode increased in
patient 1 (157th to 227th days in Table I) and decreased
in- patient 2 (13th to 169th day in Table II) with
inconsistent variation patterns.

Second, there was disagreement as to the level of anti-
HSV antibody after recurrence. No increase in the titer

J. Med. Virol, DOT 10.1002/jmv

of neutralizing ‘antibodies. following recurrence was
detected ina study of individuals suffering from
recurrent herpes labialis [Douglas and Couch; 1970],
while multiple sera collected over 13 years from a
sufferer of recurrent herpes labialis in another study
revealed a gradual increase in neutralizing antibody
titers [Ratner et al;; 1980]. Titers of HSV-neutralizing
antibody were revealed to be higher among patients
with: frequent herpes labialis than: history-negative,
HSV-geropositive control patients, consistent with a
model in which antibody levels are driven by antigen
load [Spruance: et al;,” 1995]. 'In the present study,
the level of serum anti-HSV-1 antibody increased after
recurrence and HSV-1 isolation (Tables I and II),
suggesting a boost of existing immiine responses.. The
variation  in the level of anti-HSV-1: antibody was
considered potentially useful to diagnose recurrence.
Oceasionally, molecular fingerprinting ' of . serial
genital HSV isolates has yielded more than one HSV
strain [Koelle and Corey, 2003]. Genomes of both HSV-1
and HSV-2 were detected widely in- ‘human spinal
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ganglia [Obara et al., 19971, and both HSV-1 and HSV-2
isolates were obtained from an individual with genital
herpes infections [Sakaoka et al., 1995; Sucato et al.,
1998]. Studies of sequence diversity between HSV-1 and
HSV-2 isolates revealed evidence of recombination,
which requires the co-existence of two viral genomes;
hence, co-infection by genetically distinct strains is
suggested as an important aspect in HSV epidemiology
[Bowden et al., 2004; Norberg et al., 2004, 2007]. The
separation of HSV isolates with different genomic
profiles from the same individual suffering from genital
herpes hasbeen reported; thatis, (i) 2 of 8 cases of HSV-2
genital infections [Buchman et al., 19791, (i) 1 of 63
cases of HSV-2 genital infections [Sakaoka et al., 1995),
and (iii) 2 of 13 cases of HSV-1 genital infections [Roest
et al., 2004] were demonstrated to be attributable to
exogenous re-infection by analyzing RFLP or a hyper-
variable region (“common-type variation”). Since HSV-1
isolates from the same patient were not differentiated in
either RFLP (Table III) or reiteration VIL (a hyper-
variable region) (Fig. 1), recrudescent genital lesions
in the patients analyzed in the present study were
supposed to be ascribable to endogenous recurrence ofa
latent virus, not exogenous re-infection with other
strains.

After natural, wild-type infections, viral pathogens
are supposed ordinarily to elicit immune responses that
lessen the severity and transmissibility of subsequent
infection with the same viral type; however, prior HSV
infection did not prevent subsequent HSV infection
[Whitley and Miller, 2001; Koelle and Corey, 2003;
Ramachandran and Kinchington, 2007]. It is assumed
that patural viral infection might protect against
subsequent infection with the same viral genotype
(usually due to endogenous recurrence of a latent virus)
more effectively than with a different genotype (gen-
erally attributable to exogenous re-infection with other
strains). As HSV-1 isolates from the same patient
analyzed in the present study had the same genotype
(Table I11, Fig. 1), decreased serologic reactivity result-
ing from a difference in genotype seemed unlikely:
Genotypes of HSV-1 isolates obtained from patient 1
(F'35) were different from those from patient 2 (¥8b)
(Table ITI, Fig. 1). HSV-1 isolates obtained from patients
1 (C81, 84) and 2 (C85, C88) were neutralized similarly
by sera drawn from each patient {(Tables I and IT); thus;
in these two patients, sera from one patient appeared to
be able to neutralize HSV-1 isolates from the other
patient as well as from the same patient.

Serologic type conversion of an HSV-1 to an HSV-2
epitope was shown to result from single amino- acid
substitution on an HSV-1 molecule [Kimmel et al,
1990}, and the lack of reactivity of several HSV-2clinical
isolates to anti-HSV-2 ‘monoclonal  antibodies was
attributable to single frameshift mutations [Liljeqvist
et al;; 1999]; hence, it is possible that a single mutation
produced in the genome of an HSV clone could affect the
serologic reactivity of the HSV clone. Although HSV-1
isolates obtained from the same patient in the present
study were the same in RFLP and reiteration VII, other

1611

variations produced in the genome of an HSV-1 clone
might cause a difference in serologic reactivity. An HSV-
1 clone with a variation, as a result of which the HSV-1
clone is neutralized less effectively by sera taken before/
during a later episode in a patient, is supposed to
multiply preferentially during the later episode in
the same patient. In the present study, an HSV-1isolate
obtained during a later episode was shown to be
neutralized by sera taken before/during this epi-
sode from the same patient, as effectively as an HSV-1
isolate obtained during an earlier episode in the same
patient (Tables I and ID; thus, the majority of HSV-1
clones present during a later episode was assumed not to
have a variation that could render an HSV-1 clone more
resistant to sera drawn before/during the later episode
in the same patient.

HSV-1 is thought to have replicated during recur-
rence in these two patients despite the existence of an
antibody that could neutralize experimentally HSV-1;
hence, HSV-1 antibody seems to offer little, if any,
protection against HSV-1 recurrence, suggesting the
necessity of developing an immunologic strategy for
HSV vaccination with consideration of HSV-encoded
jmmune evasion functions directed at the humoral
response [Whitley and Miller, 2001; Koelle and Corey,
2003; Ramachandran and Kinchington, 2007].
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Issues included in surveillance systems for genital herpes
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Two issues included in current surveiliance systems for genital herpes are proposed. First, it seems improper
to exclude recurrent cases from a report of genital herpes in the light of the pathogenesis of the genital herpes
simplex virus infection. | insist on registering recurrent cases as well as initial cases in the surveillance report
form of genital herpes. Second, it is essential 10 make an accurate diagnosis for the surveiliance report of
genital herpes. It is urgent to develop a method with excellent sensitivity and specificity to detect HSV