CHAPTER III
REVIEW OF LITERATURE

1. History

Herpesviruses are virus of eukaryotes (67-71). More than 100 herpesviruses

have been isolated from a wide range of vertebrates, including fish,

amphibians, reptiles, birds, placental mammals. While
herpesviruses are ubiquitious ' is usually restricted to a
single specie in natural in ectiom—Inter sp@mission of herpesvirus,

which may be rare in (

humans with B virus of

cvere_diSCase (e.g. infection in
. _‘\ ce of host specificity
of herpesviruses sugges . ve evolved in closed associated
with their hosts. With " .. <\ s by the host, genetic
\

emiology (72). These studies

variation of virus is comm ‘ariation by tracking it’s
sequence has been referred
facilitate differentiation an iication “Of. strains and  examination of
evolution of viruses, mode of - | S¢ contact between individuals
tend-to be divided to geogrs -75). More readily
transmitted viruses may’become-rapidiv-distribt

- (76).

: e geographic region

U

HSV is the first (y the human herpesviruses torbe discovered and is

among the most @ﬁ-ﬂ:ﬁlwﬁﬂ %JWIgﬁfﬂ ?s attraction is

biologic properties icular, “ability to cause a variety of infections, to

remain latent, i ir Jhost, li Traj) ﬁ ﬁ’ igns at or
near the sithtﬁﬁl afgtﬁ e;iﬁ:td éYll(EJ:lﬂTf jﬂstudy of
translocation :)If proteins, synaptic connections in the nervous system, membrane
structure, gene regulation, and a myriad of other biological problems, both
general to viruses and specific to HSV. For year, their size and complexity
served as a formidable obstacle to intensive research. More than 40 years
passed from the time of their isolation until Schneweiss {77) demonstrated that

there were, in fact, two serotypes, HSV-1 and HSV-2, whose formal

designations under International Conference for Taxonomy of Virus (ICTV)



rules are now human herpesviruses 1 and 2 (78). Not until 1961 were plaque
assay published (79), and only much later were the genome sizes and the
extent of homology between these two viruses reported. In 1736, Astruc J. (80),
found the correlation established between herpetic lesion and genital infection.
In 1883, Unna PG. (81), studied the recognition of human transmission of
HSV infection between individual. In 1930, Andrews CH, and Carmichael EA
(82), initial studied of host immune response to HSV. In 1939, Barnett FH,
and Williams SW. (83), first accurate iption of the biology of HSV
infections in human. In 1962, ) ), demonstrated of antigenic
967 Dowdle er al. (85),

studied association of antigeni f ,, site of viral recovery.

biologic differences between

In 1975, Hayward et al. ed, determinati of organization of
HSV genome. In 1978, Ba 6 /), demonsirated . of DNA polymorphism

suitable for use in molecul oeye In', 108 , Post L and Boizman B

(88), developed the techrol o HSV-1 genome and
in 1988, McGeoh er al. (89) sequenge “of HSV unique long
region. y 7-

Infections caused by HSV Mave be oA ibed from ancient Greek and

roman times. The word herpes+ and probably described

cutaneous skin lesions. . F infection. Studies
Jdterial obtained from

. In 1930, tests for
neutralizing antibodi ﬁ‘aﬂw i most of the
syndromes now m bg ﬂgjs ﬁ ﬁﬁ’lﬂ ﬁcumented The
current era of H research and €diagnosis was ushered ifi” when two
blOlOQCﬂl)’QSWt?JM,ﬂSi mdﬂdﬂﬂw'&engxm& different
clinical syndr%mes (91). Subtyping tests and type-specific antibody assays were

developed during the year 1980, leading to increase understanding of the
natural history of HSV-1 and HSV-2 infections. Effective antiviral drug was

at this time also demo rated t

) . | P— ’ :
ocular or skin lesions b | ansmission to rabbit eye (96

also developed and are now widely used. In the past two decades, impressive
advances have been made in our understanding of HSV replication and the
molecular basis of neurovirulence and latency. Finally, the ability to sequence

and manipulate HSV genes and gene products has led to the current era of

vaccine development.



The family Herpesviridae is divided into three subfamilies of Alpha-,
Beta-, and Gammaherpesvirinae, based on biological properties (92). Eight
human Lerpesviruses have been identified to date, herpes simplex virus type 1
(HSV-1), herpes simplex virus type 2 (HSV-2) (93,94), varicella-zoster virus
(VZV) (95), Epstein-Barr virus (EBV) (96), human cytomegalovirus (HCMV)
(97), human herpesvirus 6 (HHV-6) (98), human herpesvirus 7 (HHV-7)
(99,100), and human herpesvirus 8 (HHV-8) corresponding to kaposi’s sarcoma-
associated herpesvirus (KSHV) (101). HSV-1, HSV-2 and VZV are members
of Alphaherpesvirinae, HCMV,
EBV and HHV-8 are of Gam

V-7 are of Betaherpesvirinae,
1.)

Table 1. Human herpe

\\. lerp esviridae

Subfamily

m&n\\ N\

Alphaherpesvirinae i « erpesvirus-1 (HSV-1)
erpesvirus-2 (HSV-2)
herpesvirus-3 (VZV)

Bataherpesvirinae uman herpesvirus-5 (CMV)
i an herpesvirus-6 (HHV-6)
- ----a—»--a;-.r- esvirus-7 (HHV-7)
. Y —— )
Gammaherpesvirinae =L n Herpesvirus-4 (EBV)

|
E“ Rhadinovirus Human“herpesvirus-8 (HHV-8)
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HSV is divige]:d into two types{ HSV-1 andy, HSV-2, onathe basics of
wiseic. DR PSR FUNBAI L) TR B e
antigenic type% exhibit a number of biological differences, e.g. site of recovery,
plaque formation, etc (33). Hybridization study has revealed that both have
50% homology in their DNA sequences. In 1968, Nahmias AT and Dowdle
WR (91), demonstrated that HSV-1 was more frequently associated with
nongenital  (above the waist) infection, which HSV-2 has associated with
genital infection (below the waist). Whereas prior studies have indicated that

the HSV-1 is an infrequent cause of infections “below the waist”, recent



studies suggest an increasing prevalence of genital HSV-1 infection (21-23).
Similarly, HSV-2 pharyngitis appears to be increasingly common. The
subsequent recurrence rate of genital HSV-1 infection appears to differ from
that of genital HSV-2 disease.

Historically, the indication that strains may vary considerably emerged
many years ago (103,104), the studies on the variability of HSV began with a
chance isolation of a mutant that fused cells into polykaryocytes from a wild

type virus which causes cells to round and clump (105). Subsequent studies

show that the wvariation differed. with to buoyant density in CsCl

eutralization with specific

glyeoproteinn VP8 (gC) (107), and

ultimately, which respect to jetic Joci concerned with cell fusion in

gradients (91), affinity chromat
antisera  (25), the ability

addition to accumulation o in 8 (8C)(7D). The discovery that
HSV represents two virlises 3 -2 and studies on isolated
and mutant of each (77, hat HSV strains vary

in number of characteristic

Our interest in the di ot SHSV st i om the realization that
these viruses are responsible fi '_:::~ r diseases. In 1976, Pereira
et al. (110), in an attempt to dJ er HSV strain differing with
respect to site of 11 ' ‘humar of pattern of disease.

Elinical manifestations

and structural proteins ﬂuld o ated, me variability in the
electrophoresis mobility of, gveral of str%;m'al proteins was beyond to

expectation. The ﬂ%ﬁ %pgﬁnﬂﬂﬂn‘}%ﬂem that the HSV

genome are variablé}] perhaps more 1mBortant, the 1dent1ty of virus 1solate from

R YL KA YRS e
of the structural pro ould e used to 1identify viruses and follow their

spread in the human population.

2. General Characteristics of Herpes Simplex Virus
Membership in family Herpesviridae is based on the architecture of the
virion (Figure 1). A typical herpesvirion consisis of (i) a core containing a

linear, double-stranded DNA, (ii) an icosadeltahedral capsid, approximately 100-
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"ote containing DNA

of the herpesvirion r-ﬁrf’— =
- genome, (ii) an icosadelgedra gument, Llj d (iv) an envelope

containing viral glycoproteirk- gikes on its surface. B. Electron micrograph of
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110 nm in diameter, containing 162 capsomers with a hole running down the

long axis, (iii) an amorphous tegument surrounding the capsid, and (iv) an
outer envelope exhibiting spikes on its surface (Figure 1). The core of the
mature virion contains the viral DNA in the form of the torus (111,112).
The torus appears to be suspensed by a proteinaceous spindle consisting of
fibrils embedded in the underside of the capsid and passing through the hole
of the torus. The precise arrangement of the DNA in the toroid is not known.
The structural features of the capsid (100 nm diameter and 162 capsomers) are

characteristic of all herpesviruses. ic capsomers at the vertices

have not been well characterized, ' ‘}sqmers are 9.5 x 12.5 nm
in longitudinal section; a er part way from the
surface along the long axi Ve The | tegument.is. a term introduced by

_tween the capsid and

, depending on the

Roizman and Furlong (114
envelope (113,115,116). us
location of the virion wiiliin #he " ;\ whe amount is varable,
there is more of it in vigong" 2 nﬁ : eytoplasmic vacuoles than in
those accumulating in the geri A 11 . The available evidence
suggests that the amount of te SR

virus than by the host (118
}E

to be determined by the

is frequently distributed
asymmetrically. Electronju Croscopl 1 have shown that
outer covering, the envelgpe; of he virus has a t; Jfrilaminar appearance
~ (119); the envelope apper to '. , atclﬁ> of altered cellular
membranes (116,120,121). l}agresence of llpﬁ(}i was demonstrated by analyses

of virions (122, tﬂ Eﬂ"ﬂ“ﬂﬁfﬁ'ﬁ%ﬁq ﬂlﬁd solvents and

detergents (124-1 esvirus envelope contains numerous protrusions

e WA R ST

that the spikes on HSV virions are approximately 8 nm leng. The spikes

consist of glycoproteins (127). The number and relative amounts of viral
glycoproteins vary; there are 11 known viral glycoproteins (B-M) and a 12"
(gN) is predicted (128). The variation is, in part, due to variability in the
thickness of tegument. Another mnajor source of variability is the state of the
envelepe. Intact envelopes are impermeable and generally retain the quasi-

spherical shape of the virion. Damaged envelopes are permeable to negative
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stains; permeated virions have a sunnyside-up egg appearance, with a diameter
much larger than that of an intact virion. The precise number of polypeptide
species contained in the herpesvirions is not known and may vary from one

virus to another. They estimated generally range from 30 to 35 polypeptides.

3.Viral DNAs

The herpesvirus DNAs extracted from virions and characterized to date

are linear and double-stranded, but the ularize immediately upon release

from capsids into the nuclei of i

circ
'i/ . 4The variable features of the
w & base composition. The
Z 'ewEroximately 80 to 150

million, or the genome ran appraximately 0.to 230 kilobase pairs.

herpesvirus DNAs are their

molecular weight of herpe

The variability in the r es! D} does not reflect a

polymorphism in the sizé"of HNAs 96 in vidua uses. The variation in the
size of the genome of apf B PESVAIUS {0\ be" minimal, but not

insignificant. Thus, many d internal reiterated

sequences. Because of variabj \ese reiterations, the size

of individual genomes may vagy t 7 0 pairs. The base composition

of herpesvirus DNAs varies from 3
=g

& moles percent. Furthermore,
herpésvirus DNAs vary rtespeét to

peity of base sequence

| 0f 3¢ inhomogeneity in
~ the base composition varieEfr nin o V) to gry extensive (130).
HSVs are members of 2 family of large DNA viruses. HSV DNA is

o i 65190 )40 TN PN s

the form of a toroidll(134). The end oé' genome are probably hel%"together or

=N
are in clos ﬁ tﬁqn Wﬁmﬁ?ﬂﬂﬂ @i in the
absence of :)i)tl n:ln si$ ‘after it enters the nuclei of infected cells (135).

DNA extracted from virions contains nick and gaps (136-139). The HSV

distribution across the ,4

genome is approximately 152 kilobase pairs, molecular weights approximately
96 x 10° daltons, with a G + C content of 68% (HSV-1) or 69% (HSV-2)
and the DNAs encodes over 70 polypeptides (131,132,138). It consists of two
covalenily linked components, designated as L (long) and S (short) components
comprise 82% umd 18% of DNA, respectively. Each component consists of
unique sequences bracketed by inverted repeats (139,140). The repeats of the
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L component are designated ab and a’b’, while those of the S component are
designated a’c’ and ca (141). The number of a sequence repeats at the L-S
junction and at the L terminus is variable; the HSV genome can then be
represent as “arasb —Up—b'a’'nc’'—Us—cas where a; and as are terminal
sequences with unique properties described below, and a, and a,, are terminal
a sequences directly repeated zero or more time (n) or present in one to many
copies (m) (141-146) (Figure 2). The structure of the a sequence is highly

conserved but consists of a variable number of repeat elements.

The L and S components of WHS invert relative to one another,
yielding four linear isomers (14 3 44 swhave been designated as P
Oﬁ (inversion of the S

orponents) (149-150). The
verted orientation was
DNA allowed to

aturation profiles of

(prototype), I. (inversion
component), and Ig. (inve
evidence for the 1epeiiti
based on electronmicros
self-anneal (151). These ]
HSV DNA, revealed thatit ‘ I' \\'..a". internally and that
the repeats of each end differ % 4 1 SEq > ‘artangements (147,140). The
isomerization of HSV DNA _' i the inversion of L and S
components relative to each other +§—an 1ing, tantalizing feature of the

HSV' genome shares with, o féw ‘other hérpe gs. Jn the circular form,

the HSV genome fro -";,-,r—:-‘—;::-. ----------- ' {g- L-S component
- junctions. Cleavage of oné 1 1rcy , 0 Jjunctions would yield

the P and Is. arrangements, whereas the corr:lsyondmg cleavages of the other

circular isomer w ﬂHsE F‘Jlﬂt? of Is and I
arrangements ﬁomﬁﬂiﬂcmulm 1somenc43:>rm woul requxre inversion of
either the equence.
Fundarnentala ﬁrﬁ ﬁ ﬁﬂﬁmm A\T‘gsm ftﬁ y -linked

components is not a property of all herpesvirus genome. Second, the
physiologic function of the inversions is not clear in as much as genomes
frozen in one orientation as a consequence of deletion of internal inverted

repeats are viable (135,152).
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Figure 2. Schematic/f rgpr » he arrangement of DNA

sequence in the HSV genome. he L and S complements

are denoted by the arrows. The second | m the unique sequences (thin
] ~ o _

linesj flanked by the inVer ' etters | above the second

e L component (a,);

line designate the following
~ a variable (n) number otﬂdditlo 1l a"sequences; the sequence of the L
component (U); the repetition, of the b ofsa variable (m) number of a

s (o ) LSBT ) BT re o e <

component (Us); and,“inally, the termir*al a sequeng (as) of the &componcnt.

B: the Bgnﬂzwajmﬂtﬁ:%ywqummahﬁ "Is, I,

and Ig. iso variabili -genomes. Note that because Bgl/lIl

does not cleave within the inverted repeated sequences, there are four terminal
fragments and four fragments spanning the internal inverted repeats in
concentrations of 0.5 and 0.25 M, respectively, relative to the concentration of
the viral DNA.
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However, all wild-type isolates examined to date do contain the inverted
repeat sequences, and viruses lacking internal inverted repeats have a reduced
capacity for growth in animal tissue. Third, insertion of the junction between
the L and S components, and especially of the 500-base-pair a sequence,
results in additional inversions of DNA segments contained between inverted
repeats of a sequences (149,153-155). The internal inverted repeat sequences
are not essential for growth of the viral in cell culture; mutants, from which
portions of unique sequences and most of internal inverted repeats have been

deleted, have been obtained in all . nts of HSV DNA (156). The

genomes of these mutants do en in one arrangement of

the L and S components, b cell culture.
4. HSV Replication Cycle
HSV is a large

translational machinery fi \\ SV genes expression
is regulated as an orde \ and HSV-2 each

comprises at least 77 genes X ig '.*n regulated (160). HSV

-\ lar transcriptional and

has two distinct lifestyles, latent infection. During

productive infection, three major of viral genes, the first genes
expressed are the « immediat _' _ 15, 15} pend ici™ encode regulatory
proteins required for the f 65, Next, the B (early,
E) genes, which largely ﬁ rotei@ are expressed. The
levels of early mRNAs and ‘the rates of earl&,protem synthesis peak at about

o 0 o o ASEIAEIH T ) eorsion

relatlvely insensitivedJto inhibition of v1ral DNA syntheSIS In contmst, the

o A A
to increase until 1s relative sensmve to 1nh1bmon

of viral DNA synthesis. These genes are assigned to four kenetic classes,

designated as a, B, yl, and y2 on the basis of the timing of and requirement
for their abundantly expression in an ordered cascade (161). The five of a (IE)
genes [infected-cell proteins (ICP) 0, 4, 22, 27, and 47] are expressed first in
the absence of viral protein synthesis and are responsible for reguiated
expression of other virali genes, which encode regulators of viral gene

expression during productive infection. Of these IE proteins, ICP4 and ICP27
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are essential for viral replication. Although ICPO is not essential, it is critical
for efficient viral replication and for the full expression of all for three gene
classes, especially at low multiplicity of infection (MOI) (162-167). The B (E)
genes require functional of o (IE) gene products their expression and encode
proteins and enzyme that are directly involved in DNA synthesis and
nucleotide metabolism. The y genes are expressed from the last set of viral
genes with the y2 class having viral DNA replication as a strict requirement

for their expression. To initiate infection the virus must attach to cell surface

receptors, it’s envelope to the plasma membfafiey, and allow the de-enveloped
capsid transport to the nuclear ‘pores. DNA ﬂd into the nucleus of the
. . . - - ‘J
cell, where transcription, rep on~ot vira sembly take place.
Viral DNA is transcribgd™ tifoughout uctlve cycle by host
RNA polymerase II, but wit FF atior ctors at all stages of
infection. The synthesis of vi ofigl produets ..~ regulated (Figure 3).

Viral gene expression is equentially ordered in a

cascade fashion, with the ger \ \-\ cts forming at least
SCIIp n\.

four groups on the basig o th 0 ‘ and posttranscriptional
cytoplasm and translated,
postranslational the proteins are tra '-*!.'-"s""—', he nucleus. A new round of

transcription results in the of B prc t fliis stage in the

infection, the chromat n71S Howard the nuclear

ures) Bbcome disaggregated.
Viral DNA is replicated by .a rolling circle hanism that yeilds head-to-tail
¢ L qF

o i 18 L6 8 ] s

the y proteins consisting primarily of structural protems of the v1rus The

R TR U NINGINY

- membrane, where- the nuclﬁl (round
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Figure. 3 Sequence o Htiplication of herpes simplex

virus from entry of the yirusirto-cell by - futhe yirion envelope with

the membrane of the ‘-"fm— y=ofsVifions and their exit

. from the cell through - 1] Iso illustrated are

transcription and coordinated sequentlal proccssmg of mRNA and synthesis of

set of protein (a, on structures.
Assembly of the vﬂruﬂ "E ﬁﬂumn acqulsmon of the envelpe
as the capsi ,&I virus is
transported ?ﬂoﬁﬂiﬁhﬂhﬁ mﬂn mWMease of
progeny vmons occurs. (Modified a diagram kindly supplied by R. Lippe’,

2000, www.google.com).
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Unit-length viral DNA is cleaved from concatemers and packed into the
preformed capsids. Capsids containing viral DNA acquire a new protein. Viral
glycoproteins and tegument proteins accumulated and formed patches in cellular
membranes. The capsid containing DNA and the additional protein attach to
the underside of the membrane patches containing viral proteins and are
enveloped. The enveloped capsids accumulate in the endoplasmic reticulum and
are transported into the extracellular space. Assembly occurs in stages, after

, the virus matures and acquires
& f the nuclear membrane. In

(&(es approximately 18-20
——

packaging of DNA into preassembled

infectivity by budding through t
fully permissive tissue cul

hours.

5. HSV Proteins

The HSV-1 and H
of which is reiterated twi
approximately 100 prot€ins containing a total of
approximately 44,000 amind’ agids. lnvt ate these HSV proteins

as either infected cell sp€ polypep - SPs) or infected cell

polypeptides (ICPs). Some 50 ._!:g_,_;"_"" ___;5;_'___ ; Haracterized by high resolution
polyacrylaminde gel electrophoresis (PAGE) (170,171 Some of these proteins

k. A,

are described below.

Three groups of HSV proteins ie.a, B, and v, mlere synthesized from

genes, designated ﬁi Ilmgﬁ ﬁﬂe imi ﬁﬁnd requirements
for their expressioa(l ) genes (are gr:i in the absence
of viral protein synthesis and are responsible forethe regulated gexpression of

the other vl Yehed b s ik Afibral &/ b ror i
expression and encode proteins and enzymes that are directly involved in DNA
synthesis and nucleotide metabolism. The y genes are expressed from the last
set of viral genes to be expressed, with the y2 class having viral DNA
replication as a strict requirement for their expression. The source of the data

for the functional organization of the HSV genome was shown in Figure 4.
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The eleven glycoproteins (g) were designated as gB, gC, gD, gE, gG,
gH, gl, gl, gK, gL, and gM. Six of these glycoproteins (gC, gE, gG, gl, gl,
and gM) appear unnecessary for entry and egress in most infected cells. The
biologic propertics of some of these glycoproteins have been identified
(173,174). Glycoproteins are the major viral antigens expressed on the surface
of both HSV virions and infected cells. Several potential biological functions
have already been ascribed to various HSV glycoproteins (173). Glycoprotein B

(gB) is required for infectivity, which n implicated in viral penetration

ind to the component of
nent of complement (78)
oD) is likely related to

viral infectivity and is mo Jucar of neutca o antibodies which is

common and type-specific gletgry dts (1 ane o implicated in cell
adsorption (183), wheread" glyEoprofe ﬂ' 3) contains a receptor for the Fc
rotein of immunoglobuli o , 5" bi : ortion of I and
’ nogomindaf (L IOI AR ™ porion of 166 a
necessary for viral infectivity® ( 7). Gicopiotein F\ (gF) is identified only in

HSV-2 infected cells and sugg ecific (188,189). Later Zweig

et al. (190), showed that HS-J:;V {+ 7 gF had related antigenic
determinants since a meneclonal antibods y_specific_for ISV-2 gF could also
weakly precipitate gC i ?— .% oprotein G (gG) is
the target for antibody-mtediated, comp ement-dependem viral neutralization

(191), provides antigenic _spe@ificity t ' therefore, results in an
antibody response ulﬁi’}oﬂﬁmﬁoﬁﬂﬁﬂil (gG-1) and
HSV-2 (gG-2). Gly?oprotein H (gH) has been repgited to have fusion activity
(192). Fuﬂ@nﬁ?laﬁa»tﬂ ‘ﬁ(gu 1%4 Wﬁ;]@pﬂe&]e's,-]@ it thought
to be involvéd with gE at the Fc receptor, which has been mentioned recently
(193). Thus, Fc receptors may be composed of gE and gl and both may be
required for Fc receptor activity (194). The role of gJ, gK, gL, and gM are

not well characterized.
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Figure 4. Functional organization of the HSV-1 genome. The circles are
described from inside out. Circle 1: Map unit are kilobase pair. Circle 2:
Sequence arrangement of HSV genome. The letters ab, U, and b’a’ identify
the long (L) component consisting of the unique sequences Up flanked by the -
inverted repeats. The letters a’c’, Us, and ca identify the corresponding
sequences of the short (S) component. The open arrow shows the sites of
cleavage of concatemeric or circular DNA to yield linear DNA. Since the L

and S components can invert relative other, the arrangement shown is

if linearization were to
s 0 and 100. the filled

synthesis, one in the

that which would yield the “p
occur by cleavage of the
arrows represent were the
middle of Up (OriL) an
repeats flanking the S co

within the inverted
iptional map of the
HSV-1 genome. The map ing the direction of
teranscription, the approxima _ u sites, and the families
of 3’ coterminal trans hed-- ~lir der ' transcripts mapped
imprecisely. The designati > .x,e" e dy d third ring identify
proteins encoded by the to “their ICP number. The
de81gnat|ons outside thls rmg identify 7 c ‘opt ading frame (those mapping
in Us have the prefix (1J8) number and the kinetic class (b, B, y) to which
they belong. Circle 4: Fhe know 'proteins specified by the
open reading frames. The Iled arrows 1dentity open rea g frames which can
be detected without  affectirg #the ability ply in cells in
culture. The open |a ﬂruﬁfg Mtﬁj ﬁiﬂ ﬁﬁ-ﬁ gene; only one
copy the this gene can be deleted without affecting the capacityyef the virus

to multlplyq;:wr] aﬂﬂim llw.]qqﬂﬂ']a E] .
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6. Pathogenesis, Latency and Immune Response

The pathogenesis of HSV infections can be understood through
knowledge of the events of replication and establishment of latency in both
animal models and humans. The pathogeresis of human disease is dependent
upon the intimate, personal contact of a susceptible individual (namely, one
who is seronegative). Virus must come in contact with mucosal surfaces or
abraded skin for infection to be initiated. With viral replication at the site of

infection, either an intact virion or more simply, the nucleocapsid is

\ / where latency is established.
arie al models (165). Transport

damental principle of

transported by neurons to the dorsal
These events were demonstrat in-
of the virion is by retrogra
disease pathogenesis, then, is to replicate at mucosal
) : me latent. Although
replication can sometime  ca yuently in life-threatening

surface, be transported

central nervous system (

leading to latency which i : ﬂ' ) aténcy 1s established, a proper
provocation stimulus will ¢ o0 the virus will become
evident at mucocutaneous sitesffappean cles or mucosal ulcers. It
1s conceivable that with pnrﬁary_ irus can spread beyond the
dorsal root ganglia, the{ v event is unusual
Such  circumstances ude disseminated neon \-37 V infection with

in patients who require sxgngf t 1mmunosumresswe therapy. It is reasonable

o s o R A M4 B e o i

in a host not capabll of the limiting rgphcatlon to mucosal surfac

oA AT IR e “?ﬂﬁ =
labialis (cold @sores or fever blisters), encephalitis, keratitis, and genitalis. HSV
infections most commonly occur on the genitalia (genital herpes) and oral
mucosa (gingivostomatitis, pharyngitis, and herpes labialis), while lesions can
occur at nearly all visceral and mucocutaneous sites and the outcome can be
serious (e.g. blindness and damage to the central nervous system) (197-208).
HSV encephalitis is the most common form of sporadic encephalitis in the
United States, while herpes keratitis affecis approximately 400,000 individuals

and it is the leading infections causs of corneal blindness in the United States
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(209,210). Herpes genitalis is a common sexually transmitted disease, with
HSV-2 accounting for approximately two-thirds and HSV-1 accounting for one-
third of new cases in the United States (204).

HSV consists of two known serotypes of types 1 (HSV-1) and 2 (HSV-
2), which albeit distinct are closely related (93,94). HSV-1 is common in
general populations and is often acquired non-sexually during childhood years.
HSV-2 is rarely a cause of oral lesions and serological evidence of HSV-2 is

regarded as a good marker of infection acquired genitally. The frequency of

} e first year primary infection
€ less frequent with oral-
1 md least frequent with

of recurrences appears

oral-labial or genital herpes recurrn

was reported to be highest in
labial HSV-1, still less fr
oral-labial HSV-2 infection
to be influenced by the viru ion. Although previous
evidence suggested that ‘ections were HSV-2
related, recent reports su nital infection in at
least several countries (e.

case caused by HSV-2,

etimes outnumbering

B iorelt
HSV-2 genital infection is =it Cia ith instances of multiple

infection, HSV-1 genital l_ fection is less to r@ur (a long time to

recurrence and fewer reqxgnces) than dbat caused by HSV-2 (198-

201,205,210,222). ﬂ“ﬁ]’]'ﬂﬂﬂj“ﬂ’]ﬂj

The ability ofl HSV to remain Jatent in the human host f% its lifetime

is the uni d'] 1 , biology.
Introductioni virus rgSII ?y%yﬂﬁuﬁsﬂ;)@ V%z!lz et al.

(223). They reactivated latent ganglionic infection by sectioning a peripheral

W

nerve, resulting in the appearance of virus within the ganglia three to five
days after the surgical manipulation. Reactivation of latent virus appears to be
dependent on an intact anterior nerve route and peripheral nerve pathway
(195). Accumulated clinical experiment suggests that after primary infection,
replication of virus at the portal of entry, usually oral or genital mucosal

tissue, results in infection of sensory nerve ending, the virus is transported to
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the dorsal root gangiia. The resulting current lesion contains infectious virus.
Recurrences  appear in the presence of both cell-mediated and humoral
immunity. No virus can be isolated from patients during interim periods
(namely, those times between recurrences) at or near the usual site of recurrent
lesions. Recurrences are spontaneous, but there is an association with physical
or emotional stress, fever, exposure to UV light, tissue damage, and immune
supnression (224-227). Reinfection with the same strain of HSV can occur by

autoinoculation at a distant site. Thus, HSV-1 could be mechanically

transmitted from one site to either arit adjz y or a distal one as occurs in
cases of mouth-to-genital transmission (228 ﬁonal inoculation of wvesicle

fluid to “bolster on the host immune

response, the resulting lesior in severity, from barely
visible vesicle to rather s 1tating N immunosuppressed
individuals. '

The natural history

immune eradication both after - nfecti after subsequent
reactivation. Although thﬁlmrtance of nfection has been

well characterized, it is the degree of ad

P&ons with  primary
infection have provided the fmaje jority of addris.} the relationship between host

i s e L] 1) R e

natural killer cells, §specific T-cells subpopulatlons specific antlbodles, and

o e A AR TN AR
HSV mfectlﬁ st infection may well influence (i) the

acquisition of disease, (ii) the severity of infection, and (iii) the host

- with the severity of coﬂequ

resistance to the development, maintenance, and reactivation of HSV. Clearly,
humoral immunity does not prevent either recurrences or exogenous reinfection.
Thus, it is not surprising that transplacentally acquired antibodies from the
mother aie not totally proteciive against newborn infection but with conflicting
results (234-239). Humoral antibodics can usually be detected within one to
three weeks. With certain serological method it is also possible to demonstrate
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an early rise of IgM antibodies to HSV, followed by IgA and IgG antibodies.
In newborns, IgM to HSV can be detected within one to four weeks after
birth and are persisted for six or more months. A cell-mediated immune
response appears within one to two weeks after the onset of infection in both
human and experimental animals. The role of both humoral and cell-mediated
immune responses have been investigated. Determination of sera from patients
previously infected with HSV-1 and HSV-2 indicates antibodies reacling with a
range of HSV-specific proteins and glycoproteins (240-241). Although most

is generally thought that viral
[ 1] the viral antigens (241).

For HSV infecti omi w is di d

or infection, ? y response is directe
against gB and gD (240). 11 Lig £Spons|

whether genital or oral, stg Yhereas in primary HSV-2

viral polypeptides elicit an antibo

surface glycoproteins represent

genital infection, the init
considered important in t
infections have a delayed cyt fi li e response as compared with
that of older individuals 7( ?\g. had no detectable T-
lymphocyte responses to 1o
symptoms (237,243). Cellular im‘I.r:l =

severe HSV disease th&% umor:

the role for T cells in th@ contro "* recursors of HSV-
specific CD4" and CD8+ET cells™ are" found peripmra.l blood, the exact

frequency depending on ther detection technigue used. HSV evolved multiple

immune evasion ﬁt%ﬂoquﬁﬂm el fesfonde and thus enable

virus survival and féplication in the buman host.nThese included,esistance to
complementﬁeﬁdﬂ] ﬁqﬁ ﬂ ﬁ WNW&J W&]}ﬁlrﬁ\g (246),
and down-regulation of the antigen-presenting machinery through ICP47, which
prevents peptide loading onto major histocompatibility complex (MHC) class I
and thus interferes with presentation of HSV antigens to T cells (247). One
possible target site for HSV is at the level of the antigen-presenting cell
(APC). The most potent form of APC known is the dendritic cell (DC) (248).
Severai viral infections of DCs have been analyzed, and two main points have

been observed. DC maturation (increased expression of MHC and costimulatory
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molecules) occurs, with subsequent enhanced APC activity. Alternatively, HSV
infection results in impaired function and death.

Networks of DCs in epithelial surfaces, including epidermal Langerhans
cells (LCs), are the first professional APCs to encounter HSV on
mucosal/cutaneous infection, and the importance of DCs in the generation of
immune responses to HSV has been demonstrated directly in murine models.
The severity of HSV infections in mice is inversely to the number of
CDI1a'LCs in the epidermis (249,250), 2
HSV-pulsed DCs has resulted in isign al and reduced severity of

illness after genital HSV-2_jnfectio %ment of expression of

vaccination with UV-inactivated

DCs could be infected
infection (MOI) (253). H
(256) DCs has also been i

at “low multiplicities of
254,255) and mature
. HSV induces partial
erbalanced by a progressive

impairment of function that - 19@@ iidelayed cell death. Infection

; both recall and
allogeneic responses but«ets

n the at AHSV recall response
in some individuals. Therﬂ

re Cs may have a dual roles which contributes to
both the establishment and themesolution of thbhﬁetic iﬁheral lesion (256).
genic

Other invcst@tu ﬁ}%ﬁ!}&l m:;d lgponses to HSV

(257). The correlaticm between these delayed respopses may be of significance
o iR, ) G B 40) G 74 e
T-lymphocyte “antigens in children who have disease localized to the skin, eye,
or mouth at the onset of disease is significantly delayed, disease progression
may occur at a much higher frequency than it does in babies with a more
appropriate response (237,258). More recently, natural killer cells have also
been involved in the immunity of human to HSV infection. Other cell
populations such as macrophages and many other T lymphocytes and
lymphokines generated by these cells also play a part in the host’s defenses
against HSV infection (237). -
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7. Molecular Epidemiology of HSV

Epidemiologic studies of HSV type 1 and type 2 are difficult to
perform on clinical grounds alone because of the frequency of asymptomatic
infection. Moreover, antigenic cross-reactivity between the two virus types has
only further confused the historical seroepidemiologic studies. HSV infections
have historically been considered to be of biologic interest but of little clinical

significance. The associated diseases these agent cause, with attendant clinical

manifestations, range from the usual cas

ild illness, undiscernible in the
majority of patients, to sporadic, s ;

/ atenmg disease in a very

few infants, children, and ad ns of HSV varies with
respect anatomic site and to viru the : /pe 1 and type 2 are
usually transmitted by differ 7
as noted previously, there is
and clinical manifestations SrisAdiuse these viruses. When
Schneweiss (84) discover | ong strains of HSV
1967, Nahmias and

Dowdle (108) identified HS¥- 16T | t in most nongenital

and thus defined two ser

Vo410 , ajority of genital and
neonatal infection. Subsequently, @W ereitoes al., (40) in 1968, observed
’ T eI

discovered that some

observed variation in intratypies seroreactivitiés/ by demonstrating nonrandom

atton it cﬁpw q,dw N SW UNAS sepmmet

polyacrylamide gel é%ctrophoresm fromy several strags of HSV-l.d;Iayward et
o, 045) QGRS KA FERAN TV E HRY e =
restriction end®nuclease enzymes define fingerprints for the virus. Analyses of
numerous HSV type 1 and type 2 isolates from a variety of clinical situations
and widely divergent geographic areas demonstrated that epidemiologically
unrelated strains yielded distinct HSV DNA fragment pattern. In contrast,
fragments of HSV virus DNA derived from the same individual obtained year
apart, such as mothers and their newborns, monogamous sexual partners, or
following short and long passages in vitro, had identical fragments after
restriction endonuclease cleavage. Analyses of structural polypeptides of several
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paired isolates also showed that electrophoretic mobility of structural
polypeptides could serve as a useful tool for tracing the epidemiological
patterns of HSV infections.

More extensive study involved analyses of the fragments generated by
cleavage of HSV-1 DNA with restriction endonucleases, enzymes that recognize
and cleave at specific sites within the DNA was done by Buchman et al., (38).
Analyses of more than 80 HSV-1 isolates of diverse clinical and geographic

origin have shown that no two epi iologically unrelated isolates yield

identical DNA fragment pattern.

yt s from the same individuals
obtained as long as 12 years ‘apart, viruse émother and her newbomn,

p%the third and more than

ed identical pattern. The variable

virus isolated from sexual
80 serial passages in cell

characteristics are deletions endonuclease cleavage

sites, variability in the siz ateral displacement of

nucleotide sequences.

The analysis of H endonuclease (RE) cleavage
sites has been used not on 1she' | ‘ ISV type 1 and type 2
but also for strain differentiafior n— type (143,259-269). The
extent of intratypic polymorphisrzl‘:' = led to the establishment of

a new field in terms ofmolecu

variability among HSV. Jstrains

transmission of HSV in Espits :

ine wlmher infection resulted
from reactivation of latentd'yizus or from aeinfection with €X0genous virus

@276, The mfikcl | g irkabdiaiof o iy presence o

absence of RE cle&‘age sites, rather ‘{han va.riab‘l& fragment lewhs resulting
from van'atiq wtﬂa ﬁﬁﬂﬁmsW@%q jﬁu&l:e.f These
variable RE sites are considered to be generated by substitution of a nucleotide
in the RE recognition sequence (277-279).

According to this model, genomic variability can be expressed in terms
of nucleotide diversity, which is estimated from the siies common to
homologous DNAs. In addition, for more precise analysis of divergence within
and between populations, as many RE sites as possible should be used for a
relatively large number of strains. The reports of new data 28 to 50 isolates

from Korea, China and the U.S.A. were added io compare the nucleotide
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diversity of isolates within and between countries (279-291). Extended the
quantitative analysis of genomic polymorphism, epidemiologically unrelated
HSV isolates from individuals of geographically separate countries, according

to the presence or absence of number of sites for a set of RE, were done
(279-291).

8. Detection and Identification of HSV

Laboratory diagnosis of viral infections is traditionally accomplished by
the isolation and identification of viru cal samples, using cell and

s, which is inherently a
slow process. The delays i aore iral i I cell culture, the “gold
standard” for the detectio urgent need for rapid,
sensitive, specific, and repro . the slow cell culture
procedures (292,293).

specimens improved gre

igens directly in clinical
immunoassay, using
nizymes. The following
issues contributed to the im for 4 ‘antigen detection: there are
many important viral agents wilich -%: 3 T ivated in cell cultures and
some grow very slowly; the avai:_r Ective antiviral drugs for early

ogenic or perinatal

viral infection during ;4 2 ontrol infections in

~ recipients of organ transpEats “and sfusions @ well as in patients
with sexually transmitted v1r.al infections; the to control nosocomial viral

s v 48 AR VA I Y e o

epidemic diseases early 1dent1ﬁcat10n of the mfectlous agents to initiate

appropriate ﬁd; WWZH? W'lEJ
m Is is essential if a dlagnosw of

HSV infection is to be achieved, as was recently reviewed (298). Virus
isolation remains the definitive diagnostic method. Many HSV infections are
obvious and do not require laboratory confirmation. Some lesions are atypical,
however, especially in immunocompromised patients, and clinical diagnosis may
not be accurate (299). One study suggested that access to viral cultures
improved accurate clinical recognition of HSV lesions (300). If skin lesions are

present, a scraping of skin vesicles should be made and transferred in
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appropriate virus transport media to a diagnostic virology laboratory. Clinical
specimens should be shipped on ice for inoculation into cell culture system
(e.g., foreskin fibroblasts, Vero cells, etc.), which are susceptible for the
demonstration of the cytopathic effect (CPE) characteristic of HSV replication
(301). CPE tends to develop within 24 to 48 hours after inoculation of
specimens containing infectious virus. Conventional culture uses cells that are
permissive for HSV-1 and HSV-2 as well as other viruses that may be of
diagnostic importance. CPE typical foryH8V or other viruses is sought by
frequent examination with light t h cells develop cytoplasmic
granulation and then becom un 7 tile. Cluster of infected
| —

. - ———
cells appear early after inoc " 1y

or flask, with eventual des

to replicate to detectable in diagnostic

laboratories. The virus gr ulture types. Primary

rabbit kidney, mink lung, abdomyosarcoma cells

particularly sensitive to HSV ¢ rapid detection, although

. HSV grows rapidly in
soproducing detectable
-o within 48 hours,
four days (305) and HSV-2 are equally
well detected. Mos b ﬁ , 1 e ve.to seven days.
Some laboratories ﬂ ﬁrﬁ W mmﬁwhmas others

they do not greatly affect overali': by_‘,
cell culture, with approximiately 50% «

CPE within 24 hours ;
' k

and more than 99% withi

perform typing only by specific request. Some laberatories have fadopted shell
viral cutturelodipial o] ek b bk of debllierd “H1) seimen i
centrifuged. After 24 to 48 hours iﬁcﬁbation, the infected celles were detected
by an antigen detection technique such as fluorescent antibody (FA) staining or
enzyme immunoassay (EIA). The sensitivity of these techniques is probably
comparable to conventional cuiture.

A variety of methods have been used to detect HSV antigen in
specimens, including FA staining, EIA, immunofiltration, radioimmunoassay
(RIA), and latex agglutination (LA). Typing of the virus can be accomplished

readily by FA staining perfromed on a positive culture, using monoclonal
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antibodies that are specific for either HSV-1 and HSV-2. FA staining of cells
obtained from swab or scraping has had high sensitivity compared with viral
culture in some studies (306-308). Rapid diagnosis and typing of HSV
infection can be achieved using FA staining of material prepared from clinical
specimens into a slide by scraping or swabbing material from the base of a
lesion and placing it on a glass microscope slide, which is then air-dried and
fixed with acetone. The performance of FA staining compared with culture

depends greatly on the quality of the: submitted. The method detects

cell-associated viral antigens, ang te cellular material must be
present to achieve high sensitivi

100% (309,310). A disadv

_has ranged from 70% to
is that 10% to 30%
of specimens tend to cells for adequate
examination may be partj ions in children and
from cervical specimens. method used, the
quality of the specimen, i stage 4 esion, the amount of
material obtained, the type ©of b.usec nditions of transport. The

amount of infectious virus i T in phmary infections compared with

- culture was estimated to have an | 0% for patients with

genital HSV. Sensitivity Was higher with pnmary versus recurrent infections

and with vesicular w another study,
HSV culture was @ﬁ ﬁ. 7% ﬂmimﬂ t?lnp odes of genital
HSV and in_47%_ of w ﬁil

Other ﬂm ﬁﬁ% iliﬁ ﬂ]nﬁ ﬁ%l l] @e&l HSV in

clinical specunens Most EIAs have been less sensitivity than culture. It uses a

polyclonal rabbit capture antibody, streptavidin-horseradish peroxidase, and a
chromogenic substrate to detect HSV antigen. The assay detects both HSV-1
and HSV-2, for crusted lesions, its sensitivity exceeds that of culture, most
likely because viral antigen persists after infectious viral particles have
disappeared (318). For asymptomatic individuals, however, EIA is less sensiiive
than culture, consistent with the finding that it is 10 to 100 foid less sensitive,

in detecting dilutions of a stock virus (319).
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Serology detection has little use in the diagnosis of currently active
HSV infection because culture and antigen detection methods provide rapid
direct evidence of infection. Serologic tests have been used in research studies
of the epidemiolgy of HSV and are occasionally useful in unusual clinical
situation. Methods that have been used to measure HSV antibody (anti-HSV)
include complement fixation, neutralization, EIA, and Western blot. Individuals
with primary infection are negative for anti-HSV at the time that lesion
develops, and they subsequently develop HSV-specific IgG and IgM during the
next one to two weeks. Individual } tivated infection have HSV-
specific IgG at the time of o ma@ot experience an increase
in antibody level as the infeeHoR Evolves. w IgM is detectable in

some episodes of reactivatiQue(320 i )\ Thu resence of HSV-specific
IgM is not a reliable indicatef g aryl i ’ : asc in HSV antibodies
can also occur as a resul ' ,:‘ ther sherpesviruses, especially

VZV (323). Extensive .dntigéni sactivity | exists between HSV-1 and
HSV-2. Until recently, sgfolog 8. didh n
about whether a seropositiy ected with HSV-1 and
HSV-2 or both viruses (324). have been developed that can
provide this information (325) I@Eﬁ ; using the HSV glycoprotein
G (gG) are under dgkl" : se)to gG is highly
: “‘ er individuals have
past infection ‘with Hsv-l_f_ﬂmd H £376), Typinglsf HSV may be done
by using several techniquesy monoclonal antibodies have been enerated which

a1 iy Lkt VE) W BV ERA T o o i

Western blot assay"ilI can readily diffgrentiate HS&I from HSY;2 infection

az0. e GPIRA R T VA S 1A E A ﬁ B$v pNa

from cerobrospinal fluid and applied to the diagnosis of HSV encephalitis
(328-333).

accurate information

The discovery of PCR by Kary Mullis in 1983 is the most important
development in diagnostic virology since the development of cell culture.
Mullis was awarded the 1993 Nobel Prize in medicine for his accomplishment
(334). PCR can detect as few as one to 10 copies of viral nucleic acid,
providing a sensitivity comparable to or greater than viral culure and far

exceeding that of other diagnostic tests. PCR has also proved to be very
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versatile, having the ability to detect DNA or RNA and to provide quantitative
as well as qualitative information. Tests based on PCR have therefore assumed
an important role for the laboratory detection of these agents. Event virus such
as HSV which can be readily isolated, diagnosis by PCR has become the
‘gold standard” for some disease such as herpetic encephalitis. Because
infection with different or multiple species of herpesviruses can cause similar

symptoms, PCR tests have been designed to detect more than one herpesvirus

/ od for use in most routine

at a time. :
The PCR might then be anyat ’ #
microbiological laboratories, t can ied to all development

stages of herpetic lesion, an ical muctoeutaneous manifestation in an

immunocompromised populatief’ results. canube obtained within one
day, whereas virus culture e 34-336)..So far the only target
(DNA polymerase gene) h Blow =nsus PCR amplification
of human herpesviruses pair of consensus
primers to conserved regi gene for detection of
HSV-1, HSV-2, CMV, L33 The \defection and  species
identification of HSV is based" oiiia<semines X technique with primers
followed by restriction enzyme aﬂﬂ@ heiassayshas been specially designed
for clinical application'-_“ s used to achicya i, v¢ included parallel

PCRs, multiplex PCRs ‘With several f-‘f with a consensus
| primer pair targeting clerved genomic regions. Methods for subsequent
confirmation of the_species % e virus, de inclu, hybridization
with a Spmies-weﬁfuﬂﬁmgm %’:ﬂﬂaﬁcﬁ: primers, and
restriction enzyme analysis (331,337-340). Herpervimis species identification has
v i) ST 13 b WV b Hd Db st
Recently, in ﬁ)OO, Johnson et al. improved the assay by redesigning the primer
and substituting BsfUI for Smal. The improved assay provided detection and
species identification of herpesviruses (341).

Typing or subtyping of viruses by detection of RFLP is a versatile and
widely used method. Its basis is the activity of restriction endonucleases, which
are enzymes that cleave DNA at specific four-nucleotide or six-nucleotide
recognition sequences. The presence of nucleotide differences (i.e. mutaticns) at

restriction endonuclease clevage sites in different strains of virus resulis in
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different patterns of fragments after digestion of viral DNA with restriction
endonuclease. This phenomenon is termed RFLP. The technique requires (i)
fairly large amounts of purified or partially purifired viral DNA, (ii) a set of
restriction enzymes with which to cut the DNA, (iii) the ability to separate the
DNA fragments by electrophoresis, and (iv) a method for documenting the
results. The results are usually displayed as patterns of bands in an agarose
gel stained with ethidium bromide.

The RFLP typing method is directly applicable to DNA viruses but
may be used with an RNA wi i
complementary DNA (cDNA lon reaction. Viruses with

large DNA genomes may h bw viruses with smaller
™

it is first converted to

genomes have only 10 ban applicable to viruses
mber of bands. The

restriction enzyme used for )4 is an| important factor in the resultant

with very small genomes

number of bands. No ere is no need, to

correlate the pattern (e.g. d) with mutations at
specific locations in the molecular hybridization
studies or even sequencing ENOmIE
llmltatlon is that the RFLP methqﬂf'm
w1thm the recognition seg ence of the resi .
DNA digestion. If diffezént serotype K" , as with HSV,
RFLP analysis of the DNE will 1den1 c serotype asm/ell as the subtype.
Timothy et al., (259) sanalyzed 14 isolates of HSV and showed that

among. more manﬁo‘ld J IUDPIHLART o

present in at least - An RFLP analysis concluded that two HSV-1 isolates

i e 4] G VAT 1 e

analysis of th€ isolates in an outbreak of HSV encephalitis in Boston showed

compared. A significant

2ct a mutation unless it falls

igase being used for

that all isolates from seven patients had different restriction patterns and thus
were not epidemiologically linked (241). Several restriction endonuclease
enzymes that recognize and cleave at specific nucleotide sequences within
DNA, have been found suitable for analyses of the HSV DNA because they
cleave the DNA into relatively small number of fragments that can be
separated by electrophoresis primarily according to size. The location in the
intact DNA of the fragments generated by iestriction endonuclease EcoRL Hsul,
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Xbal, Hpal, and BglIl has been determined (342). Because HSV DNA consists
of four populations differing in the orientation of L and S components, the
fragments generated by restriction enzymes that do not cleave within the
reiterated sequences ab and ac form three classes that differ in relative
concentration. These studies permitted several conclusions. First, most
epidemiologically unrelates were readily differentiated from each other by at
least one of the five enzymes used in that study. The differential

characteristics were loss of restrictio e cleavage sites resulting in an

apparent fusion of two fragments pss of 10% of the molecular

weight of the fragment. Secon ated strains, for example,
repeated isolates from the samges olated from a mother and
her newborn, or viruses isgiafed 7\ Sexual partnerSywiyere identical. Last, the

genotypic ' differences be c stable both in vivo

and in vitro. Thus, isoldtesd ¢ .;'-':'” A\ . 2 years apart from
recrudescent lip lesions Of th€ g ' tlcal as were the third
and greater than 80" se l \
(259). H‘J“ ey

Ka\ ’

the same virus strain

Although the ;. - Of HSV-1 and HSV-20are largely colinear,
e Y )
they differ in restrictio __ nd T

the apparent sizes

of viral proteins. Thus, : initial locations of viral genomies on the linear map

of HSV genomes fﬁ ﬂ m’a Tﬁzﬁ-z recombinants
and took advanta e me thi of the proteins
and (i1) the locatlons of restriction éndonuclease «leavage sites {1'50-1,343-4).

The vaﬁab{q,qua airbes) ot 1] ik i Bbiid can e

put to answer specific questions regarding the epidemiology of herpesviruses in
human populations.

The first evidence of intratypic polymorphism emerged from studies of
virion structural proteins and indicated that nonglycosylated proteins vary
sufficiently in electrophoretic mobility to be used as strain markers (345).
Intratypic variability was also noted by Pereira er al., (110) in their studies on
the distribution of epitopes to specific monoclonal antibodies among HSV-I]

and HSV-2 isolates. The usefulness of virion proteins as markers for molecular

I21190332



36

epidemiologic studies was limited to the effort required to purify virions for
such analyses. At the DNA level, differences between HSV-1 strain appear to
result from (i) base substitutions which may add or eliminate a restriction
endonuclease cleavage site and which may, on occasion, change an amino acid
or (ii) variability in the number of repeated sequences present in a number of
regions of the genome. The restriction endonuclease patterns of a given strain
are relatively stable, whereas the number of repeats are ot (145,347-349).

patterns is in isolates from the
& r in genomes of an HSV-I
strain passaged serially numerous. ti re However, restriction

endonuclease site  polymo @d in isolates from

Thus, no changes in restriction endon

same individual over an interval

10. Variability in Restriction En e Sites of HSV

Restriction endonuit inativcie ol givesipositive identification
of HSV strains and pr —— “‘J- gical studies (352-
358). Evidence suggestmghat the HSV genome may bm altered in the course
of transmission and acijljtatiﬁﬁo a new patiént was obtained by this sensitive

technique (359). tﬂ ’Qdﬂ&l m mﬂlqtﬂfitmeuular HSV

DNA were also reﬂted to the mechanism of vigus latency, ony the basis of

e eGR4 T G3R) B V"r%l@ﬁ%}d i tis

section centét on two well-documented conclusions that HSV-1 and HSV 2
DNAs vary with respect to the presence or absence of restriction endonuclease
cleavage sites, and that these differences do not obscure the lack of
correspondence of cleavage sites in the DNAs of these two subtypes of HSV.

The lack of correspondence between the mapped restriction endonuclease
cleavage sites in HSV-1 and HSV-2 DNAs emerge from examination of the
maps of colinear arrangements of the two DNAs (Figure 5). This figure aiso

shows the variable restriction endonuclease cleavage sites as well as the



37

differences in the number of cleavage sites and the size of the fragments. It
can be readily expected that HSV-1 and HSV-2 DNAs could be differentiated
from each other even if all of the variable cleavage sites noted for any one
enzyme show were to vary at once. The variable cleavage sites were
determined from analyses of the DNAs of more than 120 HSV-1 and 50
HSV-2 isolates with Xbal, Hsul, (HindlIll isoschizomer), Bgllll, Hpal, and

EcoRI restriction endonuclease.
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Fingure S. Topology of the DNA of herpes simplex virus (HSV). A,
sequence arrangement in HSV type 1 (HSV-1) DNA. The size of the unique
sequences (Up and Us) as well as of the sequences ab and ca and their
inverted repeats a’b’ and a’c’ are give as molecular weight (x 10%). B, Hsul
restriction endonuclease maps of the four arrangements of HSV-1 DNA. P =
prototype arrangement; Is, I, and Is. correspond to inverted L, inverted S,
and inverted SL arrangements. Fragment sizes are given as molecular weights
(x10%. C, Xbal, Hsul, Bglll, EcoRlI,
of HSV-1 DNA. Only the P arrange

and, Hpal restriction endonuclease maps

_shown. The remainder can be

generated by invertion endonuele ,‘_;:“ p -1 DNA. Only the P
arrangemets are shown. The' ainder cd bw by inverting L,S, or
both components. Boxed numgrs! 9/ identify , variability in HSV-1
DNA. D, Xbal, Hsul, Bglll 4/ lpall " and }\ striction endonuclease
maps of HSV type 2 (HSV-2fDNA /O . ments are shown. The

remainder can be generaiéd | < ' . ' components. Boxed
numberals 1-4 identfify si DNA observed in the
isolates used in this study. No ' r‘ spondence in presence

and location of restriction end s between the DNAs of

the two types of HSV.
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The variability observed with BamHI, and Kpnl restriction endonucleases.
The extent of variability is reflected in the observation that, to date, 19 of the
57 cleavage sites produced by four restriction endonucleases, Hsul, Bglll,
EcoRl, and Hpal, have been variable, a finding indicating that the smallest
number of potentially differentiable strain is 2'°, or 524,288. The large number
of fragments generated was also very extensive by each enzyme, it was never
{abulated (362). |

connection with the variability in

// te. The restriction enzyme
ven appears to be quiet stable.

This conclusion is based chi o studies. First, HSV-1 (MP) propagated
. \1\\: e practice of serially
entiated from either the

Xami passage stock of the

Several comments should be not
restriction enzyme cleavage sites

cleavage pattern of the DNA

serially at least 80 times be
propagation viruses was te
second serial pasage or a
parent, HSV-1 (MP) virus! lated by the observation
that the HSV-1 (KOS) Schaffer did not
correspond with respect to rgStri€ti ) | cleat gesites to the KOS strain
. Gorig ons' with a fresh isolate from

obtained from Dr. F. Rapp. y
the same individual establlshed tl@t’ﬁ ob ained from Dr. Rapp could

later (2).
Variation in the prggence or absence resu'ictiomendonuclease cleavage
sites reflects spontaneous ingertions, deletions and substitution of bases at

nonlethal sites in ﬁsu ﬂzq 5{' &Lm ﬁxfwnﬁl ’}.ﬂaﬁlc variation of

viruses (326) madeﬂ apparent that variation of ge type observ&g with HSV
o mt Q) G DA N PR v
Although mo§t of the epidemiologic studies carried out to date involved
enzymes which recognize nucleotide, a single base-pair deletion, insertion, or
substitution would sulfice to preclude cleavage, such mutations probably occur
in human infection at a slow rate; they are perpetuated and disseminated when
the mutated virus is transmitted from one individual to another. The observed
variability in HSV DNA probably association of the virus with the human
population. The apparent stability of the viral DNA probably reflects the test

conditions rather than a moratorium on mutations. Specifically, it is likely the
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people are infected with relatively low dose of virus and hence the progeny of
the infecting virus, and hence the pool available for transmission to other
people, are clonally related. Because mutant viruses generated after infection
would represent a small fraction of the toial pool, the probability of
transmission to another person is small and reflects the fraction of the mutants
in the pool. In addition, the total number of HSV DNAs cleavage sites tested
with Xbal, Kpnl, BamHI, EcoRl, Hindlll, Bglll, and Hpal is of the order of
ase pairs. Since HSV DNAs has

approximately 160,000 base pairs, the. probs that a mutation would occur

160 and involves approximately 1,000

in one of 1,000 base pairs being tested ant ﬂ particular mutant rather
‘) al to another is rather
slim. Nevertheless, transmissious® ate \ kely to occur and be
documented, especially as e being sampled with
restriction endonucleases increaSe fBe ase the distri of restriction enzyme
cleavage sites is obvio ises whether some
restriction sites are more lik€ an other by virtue of
being located in regions- g erate changes in base

composition.
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