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ABSTRACT

Background: There has been no precise correlative study for evaluating the role of immunoglobulines versus salivary
natural defense in controling recurrent oro-labial herpes simplex infection. The present study aimed to evaluate the
efficiency of immunoglobulines versus natural salivary defense in preventing recurrent lesions.

Method: This study was conducted on 88 healthy dental students in oral diagnosis clinic of Dentistry College/
Mustansirya University from October 2007 to December 2007. Evaluation of defense components was done by
identifying and measuring the level of serum anti-HSV1 IgG, salivary secretory IgA and salivary hypothiocyanite in
seropositive subjects with and without recurrent oro-labial herpetic lesions.

Results: It was found that the level of serum anti-HSV1 IgG was high in seropositive subjects with recurrent lesions and
low in seropositive subjects without recurrence, while the level of salivary hypothiocyanite anion was markedly higher
in seropositive subjects without recurrence than seropositive subjects with recurrence.

Conclusion: The natural salivary defense factor — Hypothiocyanite- was able to control recurrent lesions of HSV 1
when its concentration is = 90 uM, while immunoglobulines are not efficient in controlling recurrence of the lesion.

Key words: immunoglobulines, natural defense, recurrent herpes lesion. (J Bagh Coll Dentistry 2009; 21(4): 63-69).

INTRODUCTION o . .

The HSV1 life cycle has been well-characterized An antimicrobial system consisting of peroxidase
in humans. After primary infection of oro-facial enzyme(s), hydrogen ~peroxide (H:0.), and
mucosa or skin, the virus residesin a latent state thlpcyag?te ion (SCN-) has been detgg)ted In
in the neurons of the sensory ganglion of the saliva ™, milk and perhaps aso tears =7, This
affected region . Various stimuli may re-activate system may contribute to(ﬂghe antimicrobial
HSV in latently infected neurons. Following re- activity of exocrine secretions ™. :

activation, the virus migrates via sensory nerves to The an_tlmlcroblal activity .Of the peroxidase
the epithelium, where it replicates and, under system is due to that peroxidase catalyzes the

favorable circumstances, causes visible lesions, oxidation of = SCN- efther direclly =~ to
also known as recurrent HSV lesions @. hypothiocyanite ion (OSCN-) at neutral pH @ ,1g)r
After primary oro-labial herpes simplex infection, to thiocyanogen (SCN)2  at acidic pH ™= ™,
serum anti-HSV1 1gG will be formed (usualy which  hydrolyzes ~ rapidy  to  yield
antibodies against viral surface glycoproteins) hypothiocyanous ac('g) (HOSCN) or
leads to neutralization of the newly attacking hypothiocyanite OSCN- *™.

virus @, as well as the reactivating latent virus “, The antimicrobial agent which accumulates at
but how the acquired immune response protects aqdlc pH is I(—1|§)DSCN which is in eguilibrium state
against disseminated viral disease on one hand with OSCN- ™.

and yet is not completely effective in preventing

recurrent viral infection is to be explained ©. H:0, + 2 SCN- + 2 H+ (SCN)2+2

The role of saliva in the control of oral herpes H20
simplex virus (HSV1) infection is controversial, (SCN)2 + H20 » HOSCN +
since HSV can be isolated from saliva of SCN-+H+ -

67 HOSCN » H++ OSCN-

mptomatic HSV seropositive individuals
Ifﬁthgrrmre, the use of pom?;re sensitive methods, The antimicrobial ag(e(gt which accumulates at
such as detection of HSV nucleic acid in saliva by neutral pH is OSCN- ™, which is consistent with
PCR, has shown that HSV shedding is actually the net reaction:
more frequent than was previously believed . H:0, + SCN ———— OSCN- + H20
Given the high frequency of HSV shedding in the Entry of HSV into the host cell involves
absence of apparent disease, it seems likely that interactions of several glycoproteins (gB, gC, gD
HSV1 may become inactivated to a certain level and gH) on the surface of the enveloped virus,
in the oral environment ©. with receptors (heparan sulfate HS and herpes

virus entry mediator receptor HVEM) on the

(15) ;
(1) PhD student, department of oral diagnosis university of surface of the host cell *™. The envelope covering

Baghdad. the virus particle, when bound to those receptors
(2)B Pr;;r, department of oral diagnosis, university of will fuse with the host cell membrane and create
ag )
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an opening, or pore, through which the virus
enters the host cell 9,

More than 60% of population all over the world
are HSV 1 seropositive "), some are experiencing
recurrent oro-labial lesions, while others are
completely asymptomatic, why?, what are the
factor(s) that may prevent reactivation of the
latent virus, thisisto be explained.

SUBJECTSAND METHODS
Sample collection

Subjects enrolled in this study with informed
consent were 3, 4™ and 5™ year students of the
Dentistry Collegel Mustansirya University (mean
age 22.5 years), they were clinically healthy and
have not any systemic disease, they had been
asked whether they had ever experienced
recurrent labial or genital herpes and the
frequency of recurrence, all informations were
recorded carefully for each subject.

1- Immunoassays

All processing of immunoassays were done in the
Directorate of Teaching Laboratories of the
Medical City under supervision of Dr Nahla G.
Abdulmajeed (specialist of immunity).

A- Detection and quantification of serum anti-
HSV-1 19G

This was done by using Herpes Simplex (HSV 1
1gG) kit Catalog no. 1A-401 from United Biotech
Inc. (UBI MAGIWEL) U.S.A.

Five ml venous blood was collected from each
subject at morning into labeled plastic test tubes,
clotting was alowed and tubes were immediately
taken to Directorate of Teaching Laboratories
where sera were separated at the same day by
centrifuging at 1500 rpm for 5 minutes.

Sera were collected into apendroff tubes and
immediately assayed for identification and
quantification of serum anti-HSV1 1gG according
to leaflet of the kit.

Readings of results were done by using micro-
well reader (type Sanofi Diagnostics Pasteur PR
2100 reader, ser. N0.1CX 03734 USA)

According to detection of anti-HSV-1 1gG in sera,
subjects had been grouped into:

Group A: Seropositive with recurrent herpes
labialis (RHL)

Group B: Seropositive without RHL

Group C: Seronagative

The level of anti-HSV-1 1gG was recorded for
each subject in the two seropositive groups.
Collection and treatment of saliva

Collection of unstimulated saliva by drooling had
been carried out in surgical clinic of Dentistry
Collegel Mustansirya University between 8-10
am. Subjects were asked to refrain from eating,
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drinking, chewing and smoking one hour prior to
donation of saliva.

B- Quantification of salivary S-1gA

One ml of saliva was collected into labeled test
tube, sdlivary flow rate was measured and
recorded for each, all samples were taken to
Directorate of Teaching Laboratories of the
Medical City, frozen to precipitate mucin, thawed
at the day of assay and centrifuged at 3000 rpm
for 15 minutes (as directed by the leaflet of the
kit).

This assay was done by using salivary secretary
IgA indirect enzyme immunoassay kit (Catalog
No. 1-1602, 96-Well Kit from Salimetrics USA).
Results were recorded according to groups.

2- Chemical assay

All chemical and biochemical procedures had
been carried on in biochemistry laboratory of
Dentistry College / Mustansirya University under
supervision of specialist chemist, the remaining 4
ml of each sample of saliva were inserted into ice
bag and immediately analyzed for concentration
of hypothiocyanite OSCN-.

Hypothiocyanite was assayed by reducing 5,5'
dithiobis-2 nitrobenzoic acid (DTNB or Nbs2)
with 2- mercaptoethanol (2-ME) to produce the
yellow colored anion 5-thio-2-nitrobenzoic acid
(TNB or Nbs) 89 then by mixing equal sizes of
saliva and mixture, the hypothiocyanite present in
saliva will reoxidize TNB to the colorless DTNB
again (20,21)

peroxidase

SCN- +H202 ——»  OSCN- + H20.
The OSCN- ion is relatively stable and can be
quantified by the oxidation of two sulfhydryl
compounds, 5-thio-2-nitrobenzoic acid (TNB), to
one disulfide compound (DTNB) @9,
OSCN- + 2R-SH——» SCN- + R-S
SR+ H20.
Each mol of DTNB upon complete reduction
(cleavage of the disulfide bond) will yield 2 mals
of TNB ®, and each 2 mol of TNB are
reoxidized to the colorless DTNB again by 1 mal
of hypothiocyanite ),
Accordingly, each 2 mol of TNB (colored) is
oxidized by 1 mal of hypothiocyanite (producing
the colorless DTNB), so by knowing the
concentration of TNB, we can measure the
concentration of hypothiocyanite OSCN- 2,
Preparation of DTNB solution: One gram of 5,5-
dithiobis-2-nitrobenzoic acid (DTNB Ellman’s
Reagent Molecular Formula (Cy4HgN20sSy),
Molecular Weight 396.35, CAS Number 69-78-3,
from Science Lab. Chemicals and Laboratories
USA) was dissolved in 1000 ml of 0.1%
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trisodium citrate (18) to obtain DTNB
concentration of 2.5 mM.

preparation of 2-mercaptoethanol: one ml of 2-
mercatoethanol (Fluka Chemicals, , formula
HSCH2CH20H, MW 78.13, net weight 1 kg,
volume 1 liter) was mixed with 5 liters unionized
DW in order to obtain 2.5 mM. 9

Then 250 ml of each preparation were mixed and
left for 3 hours at room temperature, shaked six
times, once every 30 minutes 2.

After 3 hours, the color of mixture became yellow
because of formation of 5-thio-2 nitrobenzoic acid
(TNB) as aresult of reduction of DTNB by means
of 2-ME.

Measurement of TNB concentration:

The concentration of TNB was calculated by
using computerized UV (VIS) spectroscope 1650
(PC)s type SHIMADZU whose cell path length is
1 cm, and the absorption (optic density) of TNB
had been read against blank (trisodium citrate) at
412 nm assuming a molar extinction coefficient of
13.6 liter ® ) Values of both absorptions were
recorded on computer screen, and the net
absorption was cal cul ated.

Absorption of TNB A = A1-A2 = 0.05848

Concentration of TNB was calculated according
to Beers Law @

A=€bc

€ = molar extinction coefficient, b= cell path
length, c= concentration of TNB which was found
4.3 mM.

Dilution of TNB: In order to measure different
concentrations of salivary hypothiocyanite, TNB
was diluted to obtain 17 samples (50 ml each) of
TNB concentrations (TNB1 is 380 uM, TNB2 =
360 UM and so on until the least concentration
TNB17 = 60 uM ).
Quantification of
samples:

The assay of measuring salivary OSCN- is based
on oxidation of 2 mol of TNB (yellow) to the
colorless DTNB by 1 mol of OSCN- ®, 0.5 ml of
each saliva sample was mixed with the yellow
mixture (containing known concentration of
TNB) in the cold (ice water bath) for 5 minutes,
this is the ideal method for rapid and complete
oxidation of TNB “* 22 when the mixture color
disappears and becomes colorless, this means that
the concentration of OSCN- is haf the
concentration of TNB, if not, this means that the
concentration of OSCN- is less than half the
concentration of TNB and so it was not able to
oxidize all the TNB molecules of the sample, so
the saliva sample was mixed in the same way with

hypothiocyanite in saliva
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another TNB sample which has lower
concentration.

All results were recorded according to the groups.

RESULTS

A - Results of serum anti-HSV1 1gG

Of 88 examined students, 20 were seronegative,
40 were seropositive with recurrences and 28
seropositive with out recurrence and they were
grouped into:

1- Group A: Seropositive with RHL (no= 40)

2- Group B: Seropositive without RHL (no= 28)
3- Group C: Seronegative (no=20)

Results showed rise in level of anti-HSV1 1gG
level in sera of seropositive subjects with
recurrent labial herpes (86.8 EU/ml) than that in
seropositive  subjects without recurrence (47.2
EU/ml). (table 1, figure 1).

B- Results of salivary S-1gA

1- Group A: Salivary S-IgA mean level was
39 ug /min.

2- Group B: Sdlivary S-1gA mean level was
43.6 ug/min

3 Group C: Salivary S-1gA mean level was
42.3 pg /min (table 1, figure 2)

Results of chemical assay

Results revealed that the lowest concentrations of
salivary hypothiocyanite were in group A and the
highest concentrations werein group B (table 1).
1- Group A (no= 40): The mean salivary
hypothiocyanite concentration in subjects of this
group is 30 uM.

2- Group B (no= 28): The mean of salivary
hypothiocyanite concentration in subjects of this
group is 100 uM.

3- Group C: The mean concentration was 100
pM, as shownintable 1 and figure 3.

As shown in table 1, the anti-HSV1 1gG is higher
in sera of symptomatic seropositive subjects than
that in asymptomatic seropositive subjects and
this means that although the level of anti- HSV1
immunoglobulin is high in serum but it is unable
to prevent reactivation of the virus, also it is
shown that in spite the low level of serum
immunoglobulin in group B, but the virus is kept
inactivated and subjects are asymptomatic
seropositive, in other word, the serum anti- HSV1
IgG dose not play a significant role in controlling
reactivation of the virus.

On the other side, results showed that saliva of
subjects in symptomatic seropositive group (A)
has the lowest concentration of hypothiocyanite,
while subjects of asymptomatic seropositive
group (B) showed the highest concentration of
hypothiocyanite in their saliva. Also, it had been
shown that salivary S-1gA is amost similar in
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serpositive asymptomatic and seronegative groups
but that of seropositive symptomatic was
significantly lower.

The above results clarified that serum anti-HSV1
1gG is not efficient in preventing or controlling
reactivation of the virus, while the natural salivary
defense factor hypothiocyanite OSCN- plays the
major role in controlling and preventing
reactivation of the virus, and the efficiency of
hypothiocyanite is depending on its concentration,
so in group A, the low level of hypothiocyanite

Vol. 21(4), 2009

Evaluation of immunoglobulines

permits reactivation of the virus, but when
hypothiocyanite concentration is high (group B),
reactivation will be augmented, and a precise | ook
on results revealed that when this concentration is
equal to or exceeds (90) UM, no ractivation of
virus will be noted.

This fact may give a hint about a threshold value
level of hypothiocyanite concentration of (90) uM
below which, this natural defense factor is unable
to suppress virus reactivation.

Table 1. Results of selected parametersin 3 groups

Sero- Ser o-positive Ser o-positive symptomatic

negative asymptomatic (cases)
Serum Anti-HSV 1gG antibodies
concentration (EU/ml)
Range (41t056.3) (77.1t0 107.9)
Mean 47.2 86.8
SD 3.6 8.8
SE 0.68 1.39
No 28 40
P (t-test) < 0.001
2. Salivary S-1gA concentration (ug/min)
Range (%%_}g)to (34.81051.9) (3210 46.9)
Mean 42.3 43.6 39
SD 4.5 5.2 3.9
SE 1 0.98 0.61
No 20 28 40
P (ANOVA) for differencein mean S-1gA concentration between the 3 groups
< 0.001
P (ANOVA) for differencein mean S-1gA
concentr ation between:
Ser o-negative X Ser o-positive asymptomatic =
0.33[NS]
Ser o-negativex Ser o-positive symptomatic(cases)
=0.007
Ser o-positive asymptomatic x Sero-positive symptomatic (cases) <0.001
3. OSCN concentration (UM)
Range (60 to 140) (90 to 120) (30 to 70)
M edian 100 100 30
Inter-quartile range (70 to 110) (100 to 110) (30 to 60)
No 20 28 40
P (Kruskal-Wallis) for differencein median OSCN concentration between the 3 gr oups < 0.001
P (Mann-Whitney) for differencein median OSCN concentration
between:
Ser o-negative X Ser o-positive asymptomatic = 0.39[NS]
Ser o-negative x Ser o-positive symptomatic (cases) <0.001 [F]
Ser o-positive asymptomatic X Sero-positive symptomatic (cases) <0.001 [9

--- < 20 EU/mI which means negative accor ding to leaflet of the kit
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Figure 3: OSCN concentration (UM) in 3 study
groups.

DISCUSSION

Serum anti-1gG level

1- Viral glycoproteins (gC, g and gl) have
characteristics of immune escape (28), an example
of the immune escape function is gC which binds
complement C3 protein and thus depletes it from
the host's serum and inhibits complement-
mediated reactions .

When the Fab domain of the antibody binds its
target antigen, complement binds the Fc domain
of the same antibody for enhancement of
antibody-antigen neutralization, in HSV1 antigen,
2- viral glycoproteins E and | (gE & gl)
bind the Fc domain of antibody and block it
against complement so prevent neutralization of
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w1 HY -

Figure 4: :Viral glycoproteins bind FC domain
of 1gG preventing complement enhancement

the virus, thus, the virus remains covered with
antibody but intact ®* 4.

3- Cdl to cell viral spread:

The virus is able to spread from one cell to
another without entering extracellular fluid, so it
will not be exposed to antibodies 7.

These properties of the virus will render serum
anti-HSV1 IgG ineffective against the virus
whose reactivation will lead to increase in levels
of thisimmunoglobuline.

Salivary S-1gA:

Salivary SI1gA was higher in asymptomatic
seropositive  and  seronegative  groups  than
symptomatic seropositive. This may contribute to
higher activation of peroxidase system because
one of the biological functions of S-IgA is
enhancement of peroxidase system ), also SIgA
was thought to prevent the penetration of virions
into epithelial cells by sterically blocking cellular
receptors &2,

Chemical assay

Results showed that the lowest concentration in
group B (asymptomatic seropositive) was 90 UM
which seems high enough to perform antiviral
activity ™39 by oxidizing the sulfhydryl group
and proteins in glycoproteins of the viral envelope
resulting in dysfunction of those glycoproteins,
especially gB, gC, gD, gH and gl which are
responsible for binding to the membrane of the
host cell by herpes virus entry mediator receptor
(HVEM) through gD and the cell surface particle
heparan sulfate through gC *°.

1-Heparan sulphate HS binding domain could be
identified within gB based on analysis of the
predicted amino acid sequence of the gB ©,
studies of other HS binding molecules indicate
that the negatively charged proteoglycan

+
NH;

| B

H3N+—CH2 —CH;—CHy;—CHy;—CH—CCy

L-lysine

ys
molecules (HS) would be recognized by peptide
domains rich in 3Lpositively charged residues,
particularly lysine ¢+

s
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Hypothiocyanite oxidizes lysine residues leading
to displacement of hydrogen from its side chain
NH3+ & 3 reqiting in loss of the positively
charged property of this domain of vira
glycoprotein leading to  impairment of its binding
to the negatively charged HS receptor. The
remaining amino group NH2 side chain will be
exposed to further oxidation by OSCN- which has
the characteristics to oxidize side chain amino
group ®”, maintained oxidation of amino group
will result in irreversible destruction of the amino
cid and subsequent change in amino acid
sequence of the binding site polypeptlde of viral
glycoprotein * 3 resuiting in inability of the
binding domain of gB to recognize heparan
sulfate receptor on the host cell membrane.

2- The most essential amino acid in gD is
cysteine ©®9, OSCN- attacks this amino acid
because it has amino side chain and oxidizes it.
The first step of oxidation (sulfenic acid) is

Sulfindc Scid dertvative
reversible by reducing agents. The next level of
oxidation cannot be easily reversed and is almost
final, once the protein has been altered in this
(rglnner the cysteine residue cannot be recovered
The above oxidation reactions of hypothiocyanite
affect most proteins in viral glycoproteins “?,
and because gD and gC of the viral envelope
represent the main apparatus of viral attachment
to the cell wall of the host, and the im Portance of
gD in penetration of the cell wall (51633
dysfunction of those important glycoprotelns
means loss of path finder of the virus and render
the virus incapable of binding to the host cell
wall, and that is why those subjects have viral
shedding from their saliva, but they sill
asymptomatic and did not experienced any
recurrent labial herpes infection. In order to reach
the irreversible step of viral protein oxidation, the
oxidation should be maintained for mere-than-ene
step, and this requires high concentration of
oxidant (hypothiocyanite), and that is why the
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concentration of OSCN- should be > 90 pM in
order to act as antiviral factor, otherwise, the low
concentration may perform the first step of
oxidation, which is revesible, but cannot continue
further oxidation steps, so the virus may recover
again, reactivate, and cause recurrent infection,
like what happened in seropositive group with RH
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