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erpesviruses in Abscesses and Cellulitis of
ndodontic Origin
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bstract
cute apical abscesses and cellulitis are severe end-
dontic diseases caused by opportunistic bacteria with
ossible coinfection with latent herpesviruses. The ob-

ectives of this study are to identify herpesviruses,
ncluding human cytomegalovirus (HCMV), Epstein-Barr
irus (EBV), herpes simplex virus-1 (HSV-1), and Vari-
ella zoster virus (VZV) in patients (n � 31) presenting
ith acute apical abscesses and cellulitis of endodontic
rigin. Primary and nested polymerase chain reaction
PCR) was conducted using virus-specific primers and
NA isolated from cell-free abscess fluid. From patients
xhibiting concurrent spontaneous pain (n � 28), nine
bscesses contained HCMV, two abscesses contained
BV, one abscess contained HSV-1, and no abscesses
ontained VZV. Control PCR using genomic or recom-
inant templates showed detection limits to a single
enomic copy of HCMV, 100 genomic copies for EBV,
nd 1 to 10 copies for HSV-1 with no cross-amplifica-
ion between herpesviral DNA targets. Nested PCR was
equired for detection of herpesviral DNA in the abscess
pecimens, indicating that these viruses were present in
ow copy number. Filtration of abscess specimens and
irus transfer experiments using human fibroblastic
RC-5 cells confirmed the presence of HCMV particles

n several abscess specimens. We conclude that her-
esviruses are present but not required for the devel-
pment of acute apical abscesses and cellulitis of end-
dontic origin. (J Endod 2009;35:182–188)
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cute apical abscess, apical periodontitis, cellulitis,
ndodontic infections, Epstein-Barr virus, herpes sim-
lex virus, herpesviruses, human cytomegalovirus, Vari-
ella zoster virus
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82 Chen et al.
erpesviruses have recently been implicated in severe oral diseases, including irre-
versible pulpitis, apical periodontitis, periodontal abscesses, and inflammation of

he gingiva and oral mucosa (1–5). Endodontic disease is a polymicrobial, multistage
nflammatory response initiated by opportunistic microorganisms and exacerbated by
n influx of inflammatory cells causing pulpitis and periapical periodontitis (1–5).
cute apical abscess is an inflammatory reaction to pulpal infection and necrosis char-
cterized by rapid onset, spontaneous pain, tenderness of the tooth to pressure, pus
ormation, and associated swelling. Cellulitis is a more advanced staging of acute apical
bscess in which the edematous inflammatory response spreads diffusively through
onnective tissue and fascial planes. Acute endodontic inflammation may be potentially
ugmented by the influx of inflammatory cells coinfected with latent herpesviruses, with
isease progression moderated by potential viral reactivation causing additional im-
airment of the host immune response (1– 6).

Human herpesviruses are currently classified into eight distinct species: herpes
implex virus-(HSV-) 1 and 2; Varicella zoster virus (VZV); human cytomegalovirus
HCMV); Epstein-Barr virus (EBV); and human herpesvirus 6, human herpesvirus 7,
nd human herpesvirus 8 or Karposi’s sarcoma-associated herpesvirus. EBV is an
mportant human pathogen associated with several diseases, including infectious

ononucleosis (7, 8), malignant lymphomas and nasopharyngeal carcinoma (9 –12),
odgkin disease, and lymphoproliferative disorders in immunocompromised individ-
als (13). EBV can replicate or may be present in a latent state in oral epithelial cells and

issues (9 –12). Latent EBV infection results in the restricted expression of viral genes
nd is capable of escaping immune surveillance (7, 8). Prolonged periods of latency
nd periods of reactivation may be partially responsible for the symptomatic and asymp-
omatic transitioning observed for endodontic disease (14). HCMV and HSV are also
resent as latent infections in the majority of the human population. HCMV resides in the
one marrow myeloid progenitor cells during latency and as active viruses can infect T

ymphocytes, macrophages, monocytes, polymorphonuclear leukocytes, endothelial
ells, and fibroblasts. EBV resides predominantly in B lymphocytes during both primary
nd latent infections. HSV-1 is most commonly found in the oral cavity as a primary
nfection and establishes latency within the trigeminal ganglia (15). Herpesviruses,
ncluding HCMV, EBV and HSV-1, can be reactivated from a latent infection either
pontaneously or concurrent with another infection or with other stress factors affecting
he host immune system (14, 16). Shedding of herpesviruses after reactivation can
ccur in saliva (4) and in the case of HSV-1 appears to occur asymptomatically (17).

In endodontic and periodontal disease, herpesviruses have been proposed to
ncrease the virulence of bacterial pathogens by enhancing adherence and invasiveness
nto epithelial cells (18 –20). HCMV inhibits the expression of macrophage surface
eceptors and deters macrophages from destroying invasive gram-negative bacteria
19, 20). The EBV latent membrane proteins (LMPs) are known to activate immune-
ignaling pathways to produce several cytokines, and LMP variants have been identified
n the oral cavity with varied effects on EBV transmission and persistence (21, 22). The
rofile and abundance of EBV strains in the oral cavity may provide evidence for
ompartmentalization of specific EBV strains and potential progression of disease (10).
BV type 1 and EBV type 2 can be distinguished by sequence divergence in the latency
enes encoding nuclear antigen 2 and 3 (EBNA 2 and EBNA 3) (4, 5, 9). EBV type 1

ppears to retain a greater capacity to induce B cell transformation in vitro (23),

JOE — Volume 35, Number 2, February 2009

mailto:machidac@ohsu.edu


p
t

r
c
a
w
H
i
(
p
a
b
p
n
t
i

C

i
l
t
f
c
o
c
g
P
t
c
U

i
i
m
v
c
r
s

D

d
R
c
o
(
P
G
w
f
a
f
P
w
a
t

P

p
1
t
(
(

T

H

*

f

†

‡

Clinical Research

J

otentially because of the stronger ability of type 1 EBNA 2 to induce the EBV
ransforming protein LMP1 (latent membrane protein 1) gene (23).

Although the majority of studies describing the role of herpesvi-
uses in oral disease have focused on periodontitis, there have been no
urrent attempts to examine herpesviruses in acute apical abscesses
nd cellulitis. In a previous report, we described the association of EBV
ith irreversible pulpitis and apical periodontitis (5). In other studies,
CMV and EBV have been identified in periodontal abscesses or local-

zed purulent infections of tissues adjacent to the periodontal pocket
3). The hypothesis for this current study is that herpesviruses, and
otentially herpesvirus particles, are present in acute apical abscesses
nd cellulitis and that these viruses are associated with radiographic
one destruction or abscess lesion size greater than 5 mm in size. Using
urulent specimens collected from patients, we conducted primary and
ested polymerase chain reaction (PCR) and virus transfer experiments
o determine the presence of herpesviral DNA, or herpesviral particles,
n acute apical abscess and cellulitis of endodontic origin.

Materials and Methods
ollection and Categorization of Endodontic Specimens

Endodontic abscess specimens were collected from patients seek-
ng dental care at the OHSU School of Dentistry. The protocol for col-
ection of endodontic abscess specimens was reviewed and approved by
he OHSU Institutional Review Board. All patients, who were admitted
or treatment with swelling associated with an acute apical abscess or
ellulitis, were also included in this study. Specimen collections were
btained using informed consent, and patients were anonymously
oded for identification. The diagnostic terminology was based on the
uidelines from the American Board of Endodontics (2007) Pulpal &
eriapical Diagnostic Terminology and referenced in Ingle’s Endodon-
ics, 6th edition (24). Before the needle aspiration of the abscess or
ellulitis, the overlying surface was disinfected using Povidone-Iodine
.S.P. Pads (Professional Disposables, Inc, Orangeburg, NY). The clin-

ABLE 1. Primer Sequences of HCMV, HSV, EBV, VZV, and Actin

Target
Molecule

Accession
Number Primer Description L

HCMV† NC_001347 Primary upstream 1213
Primary downstream 1216
Nested upstream 1214
Nested downstream A 1215
Nested downstream B 1216

EBV type 1‡ NC_007605 Primary upstream 766
Primary downstream 771
Nested upstream 766
Nested downstream 770

EBV type 2‡ NC_009334 Primary upstream 767
Primary downstream 772
Nested upstream 768
Nested downstream 771

HSV-1 NC_001806 Primary upstream 1206
Primary downstream 1210
Nested upstream 1207
Nested downstream 1208

VZV NC_001348 Primary upstream 510
Primary downstream 513
Nested upstream 510
Nested downstream 513

Human �-actin NM_00101 Upstream 11
Downstream 15

CMV, human cytomegalovirus; HSV, herpes simplex virus; EBV, Epstein-Barr virus; VZV, Varicella zo

Primer locations are relative to the positions in the complete viral genomic sequence referenced in in

or download from the US National Library of Medicine (www.pubmed.gov).
Primary and nested primers for EBV type 1 and type 2 are conserved for both EBV types. Thus, our EBV PCR

OE — Volume 35, Number 2, February 2009
cal samples were then aseptically aspirated with a sterile needle and
mmediately transported to the laboratory for freezing. The abscess

aterial is composed predominantly of fluid, potentially containing
irus particles in addition to polymorphonuclear neutrophilic leuko-
ytes, bacterial byproducts, and cellular debris. Patients were catego-
ized according to the presence of spontaneous pain, radiographic le-
ion size, abscess lesion size, and the presence of cellulitis.

NA Extraction and PCR Conditions
Abscess specimens were preclarified by centrifugation to remove

ebris before DNA extraction using the EasyXpress Viral Nucleic Acid
elease kit from Express Biotech International (Thurmont, MD). Using
ontrol recombinant or viral genomic DNA templates (see later), we
ptimized PCR conditions and selected Platinum Taq DNA High Fidelity
Invitrogen, Carlsbad, CA) for HCMV and HSV-1 amplifications, the
fx50 DNA polymerase (Invitrogen) for EBV amplifications, and Go Taq
reen Master Mix (Promega, Madison, WI) for VZV amplifications. PCR
as conducted with an initial denaturation step at 94°C for 5 minutes,

ollowed by 40 cycles of denaturation at 94°C for 30 seconds, annealing
t 57°C for 30 seconds, and extension at 72°C for 30 seconds, with a
inal extension at 72°C for 5 minutes followed by a 4°C soak. Nested
CR, following the same cycling parameters defined in primary PCR,
as used to amplify low herpesviral DNA copy number found in the
bscess specimens and to increase the sensitivity of PCR fragment de-
ection.

rimers and DNA Controls
Primers used in primary and nested PCR for amplification of her-

esviral sequences are displayed in Table 1. Primers described in Table
were described in part in our earlier study (5). Primers were designed

o amplify sequences from HCMV pp65 lower matrix phosphoprotein
UL 83 gene, accession number NC 001347), EBV BLR F2 gene product
EBV structural protein; EBV type 1, accession number NC 007605; EBV

er
on* Primer Sequence Size of

Amplicon

121333 5= TCACCTGCATCTTGGTTGCG 3=
121603 5= TGCCGCTCAAGATGCTGAAC 3= 309 bp
121422 5= GGAAACACGAACGCTGACGT 3=
121563 5= TCAACGTGCACCACTACCGC 3= 180 bp
121603 5= TGCCGCTCAAGATGCTGAAC 3= 220 bp
76661 5= CAGCTCCACGCAAAGTCAGAT 3=
77101 5= ATCAGAAATTTGCACTTTCTTT 3= 482 bp
76699 5= TTGACATGAGCATGGAAGAC 3=
77022 5= CTCGTGGTCGTGTTCCCTCAC 3= 363 bp
76795 5= CAGCTCCACGCAAAGTCAGAT 3=
77235 5= ATCAGAAATTTGCACTTTCTTT 3= 482 bp
76833 5= TTGACATGAGCATGGAAGAC 3=
77156 5= CTCGTGGTCGTGTTCCCTCAC 3= 363 bp
120674 5= CCAACACAGACAGGGAAAAG 3=
120981 5= GGAACATGCTGTTCGACCAG 3= 336 bp
120723 5= AGACAGCAAAAATCCCCTGAG 3=
120880 5= ACGAGGGAAAACAATAAGG 3= 196 bp
51089 5= ACGGGTCTTGCCGGAGCTGGTAT 3=
51315 5= AATGCCGTGACCACCAAGTATAAT 3= 272 bp
51118 5= ACTCACTACCAGTCATTTCT 3=
51286 5=TTCTGGCTCTAATCCAAGGCG 3= 208 bp
1162 5= CAGCAGATGTGGATCAGCAAGC 3=
1485 5= AGGATGGCAAGGGACTTCCTGT 3= 366 bp

us.

accession numbers. Herpesviral genomic sequences and human beta actin sequences were available
Prim
ocati

14¡
22¡
03¡
82¡
22¡
41¡
22¡
80¡
42¡
75¡
56¡
14¡
76¡
65¡
00¡
03¡
98¡
67¡
38¡
99¡
06¡
41¡
06¡

ster vir

dividual

In selected cases for nested PCR, nested downstream B primer was used instead of nested downstream A.
primers simultaneously recognize and amplify fragments for both EBV type 1 and type 2.
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ype 2, NC 009334), HSV-1 RL2 immediate early gene product (latency,
ccession number NC 001806), and VZV ORF 29 gene product (gp31,
ccession number NC 001348). DNA controls include (1) recombinant
lasmids containing HCMV pp65 (7.12 kb) (provided by Mark Stinski,
niversity of Iowa, Iowa City, IA, and Richard Longnecker, Northwestern
niversity, Chicago, IL), (2) genomic DNA from the EBV-containing
amalwa cell line (contains 2 EBV copies per cell, provided by Astrid
eerbach, Institute of Virology and Antiviral Therapy, Friedrich-Schiller
niversity, Jena, Germany), (3) HSV-1 nucleocapsid DNA (152,261 bp)
nd VZV genomic DNA (provided by Randall Cohrs, University of Colo-
ado Health Science Center, Denver, CO) and (4) genomic DNA from
CMV-transformed lymphoid cells and culture medium containing
CMV laboratory strain AD169 (provided by Sunwen Chou, Department
f Veterans Affairs Medical Center, Portland, OR).

ther Recombinant DNA Methods and Statistical Analysis
PCR products were electrophoresed in 1.2% agarose gels contain-

ng ethidium bromide (0.5 �g/mL) and were sequenced using an ABI
130xl DNA analyzer (Molecular Microbiology and Immunology Re-
earch Core Facility, OHSU School of Medicine); t tests (Microsoft Excel
oftware, Redmond, WA) were conducted to assess statistical signifi-
ance between categoric data.

irus Particle Detection and Virus Infection Procedures
For the detection of herpesvirus particles, the abscess specimens

ere subjected to filtration (0.45 �m) to exclude cells potentially con-
aining dormant herpesviruses followed by DNase I treatment (10 U,
7°C, 30 minutes) to degrade any extracellular DNA before use in
rimary PCR and nested PCR. The human lung fibroblast MRC-5 cell line
American Type Culture Collection, Bethesda, MD) was grown in Ea-
le’s Minimum Essential Medium (Mediatech, Inc, Manassas, VA) in the
resence of 10% fetal bovine serum (Hyclone, Thermo Scientific, Lo-
an, UT) and antibiotics/antimycotics (Hyclone; 100 U/mL penicillin G,
00 U/mL streptomycin, and 0.25 �g/mL amphotericin B; all at final
oncentrations in medium). MRC-5 cells were plated in 12-well trays
nd were grown overnight to 40% confluency. Just before virus adsorp-
ion, the abscess specimens (50 �L), previously determined to contain
CMV DNA by PCR analyses, were mixed with an equivalent volume of

erum-free medium. The composite solutions were filtered (0.22 �m)
o exclude mammalian cells that could contain dormant herpesviruses
nd also any potential bacterial contaminants that would affect cell
ulture. Cultures were then inoculated with the filtered abscess speci-
ens (0.1-mL volume), and adsorption of potential herpesviruses were

llowed to occur for 6 hours followed by replacement with serum-
ontaining medium for a 48-hour infection period. MRC-5 cells were
lso infected with preclarified medium containing the HCMV laboratory
train AD169 to serve as a positive control or subjected to mock infec-
ion with saline to serve as a negative control. Genomic DNA was ex-
racted using the PureLink Genomic DNA Mini Kit (Invitrogen), which is
ased on digestion and extraction using proteinase K and subsequent
lution of nucleic acids on spin columns using chaotropic salts. Primary

ABLE 2. Incidence of Herpesviruses in Endodontic Abscess and Healthy Pulp*

Endodontic Specimen N HCM

Healthy pulp† 19 8 (42.
Acute apical abscesses 31 9 (29.

CMV, human cytomegalovirus; EBV, Epstein-Barr virus; HSV, herpes simplex virus; VZV, Varicella zo

Values are given as n (% incidence).

Values for healthy pulp were obtained from reference 5.
nd nested PCR were conducted using HCMV primers. p

84 Chen et al.
Results
he Presence of Herpesviruses in Acute Apical Abscesses
nd Cellulitis

A total of 31 specimens were collected from patients (age range,
4-81 years; average age, 47.5 years; 22 men and 9 women). Out of

hese 31 patients, 12 individuals showed the presence of cellulitis. Table
shows the incidence of herpesviruses in acute apical abscesses and

ellulitis. HCMV DNA was present in 29% of the patients with acute
bscesses (9/31) compared with similar incidence in healthy pulp con-
rols (8/19 or 42.1% [5]). EBV DNA was present in 2 out of 31 abscess
pecimens (6.5%) compared with zero incidence in healthy pulp con-
rols (0/19 [5]). HSV-1 DNA was found in 1 of 31 abscess specimens
3.22%) compared with similar incidence in healthy pulp controls
1/19 or 5.26% [5]). No abscess specimens contained VZV. Out of the
2 patients presenting with cellulitis, HCMV, EBV, HSV-1 and VZV were

ound in 16.7%, 8.3%, 0%, and 0%, respectively, of the specimens
xamined (Table 2). In all positive identifications confirming the pres-
nce of HCMV, EBV, and HSV-1 in the abscess specimens, the electro-
horetic sizes of the PCR products matched closely with the predicted
izes based on sequence and matched the sizes of the PCR products
enerated by the recombinant or genomic viral DNA controls. PCR frag-
ents were also directly verified by sequence analysis and were aligned
ith herpesviral genomic DNA sequences obtained from the National
ibrary of Medicine/National Institutes of Health (www.pubmed.gov,
able 1). The EBV primers were designed to recognize identical target
equences between EBV types 1 and 2 and generated PCR fragments of
dentical size; in addition, the 363-bp fragments amplified during nested
CR were nearly identical in sequence to the two EBV strains. However,

he sequence for the EBV PCR fragments had one mismatch compared
ith the corresponding EBV type 1 sequence (362/363 matches or
9.7% identity) versus four mismatches compared with the corre-
ponding EBV type 2 sequence (359/363 matches or 99.2% identity).
ven though the sequence of the amplified region obtained from EBV

ype 1 and EBV type 2 are too similar to definitively distinguish the two
BV strains, it appears more likely that the abscess specimens may have
ontained EBV type 1.

erpesvirus DNA Is Present in Low Copy Number in Abscess
pecimens

Using defined herpesviral DNA in primary PCR, we observed no
ross-amplification of fragments when using herpesvirus primers not
atched to its specific herpesvirus template. Using recombinant or

enomic DNA of defined size or copy number, we also conducted 10-
old limiting dilutions of HCMV, EBV, or HSV-1 DNAs from 100 (or 1)
opy to 105 copies for use as templates in primary PCR. The defined DNA
olecules included the HCMV pp65 recombinant plasmid (7.12 kb),

he Namalwa human genomic DNA containing two EBV genomes per
ell, and HSV-1 nucleocapsid DNA (genomic size � 152,261 bp). Using

EBV HSV VZV

0 1 (5.26) 0
2 (6.5) 1 (3.2) 0

us.
V

1)
0)

ster vir
rimary PCR, we detected PCR product in all dilutions at 103 to 104
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opies or greater (Fig. 1A, C, and E). When aliquots of the primary PCR
eaction were used as templates for nested PCR, we detected the smaller-
ested PCR fragments from dilutions originally containing only a single
enomic copy for HCMV, 100 genomic copies of EBV, and 10 to 100
enomic copies for HSV-1 (Fig. 1B, D, and F). All abscess specimens
equired nested PCR for the detection of amplified DNA, indicating that
ll positive samples contained less than 10 to 100 copies of herpesviral
enomic DNA per 5 �L of abscess specimen used as template in the
rimary PCR. Thus, our limit of detection using nested PCR is 0.2 copies
er �L (or 1 copy/5 �L) for HCMV DNA, 20 genomic copies per �L
100 copies/5 �L) for EBV DNA, and 2 genomic copies per �L (10
opies/5 �L) for HSV-1 DNA.

erpesviruses Detected as Intact Virus Particles
The initial screening for presence of herpesviral DNA was con-

ucted using abscess specimens preclarified of cell debris by centrifu-
ation. We subsequently subjected the abscess specimens to filtration to
efinitively exclude any cells potentially containing dormant herpesvi-
uses followed by DNase I treatment to degrade any extracellular DNA

igure 1. The detection limits for primary and nested PCR. Recombinant and ge
nd subjected to primary PCR using specific herpesviral primers in three replicat
CR. DNA controls include (1) recombinant plasmids containing HCMV pp65 (
BV copies per cell), and (3) HSV-1 nucleocapsid DNA (152,261 bp). PCR pro
g/mL) and visualized by UV transillumination. HCMV primary and nested PCR
SV-1 primary and nested PCR (E and F, respectively) are displayed. PCR fragm
CR product used as template for nested PCR are visualized upon electrophore
eleased from lysed cells before use in primary PCR and nested PCR. a

OE — Volume 35, Number 2, February 2009
ntact herpesvirus particles contain virion DNA encased within an ico-
ahedral protein capsid and further wrapped within a lipid envelope,
aking the virion DNA resistant to direct digestion with DNase I. Using

his procedure, we detected HCMV PCR fragments in eight abscess spec-
mens and HSV-1 PCR fragment in one abscess specimen, supporting
ur contention that abscess fluids contained intact herpesvirus particles
Fig. 2A). Using this procedure, HCMV was not detected in one abscess
pecimen (specimen 26) previously determined to be HCMV positive
sing nonfiltered abscess material and nested PCR.

To determine virus transmissibility, nine abscess specimens, pre-
iously determined in the initial screening to contain HCMV DNA by PCR
nalysis, were filtered and inoculated onto MRC-5 cell cultures. All nine
ultures yielded PCR fragments after nested PCR, indicating that all nine
bscess specimens contained low but detectable levels of intact HCMV
articles (Fig. 2B). As expected, genomic DNA extracted from the pos-

tive control MRC-5 culture infected with preclarified medium contain-
ng the HCMV laboratory strain AD169, when used in nested PCR, am-
lified HCMV-specific fragments (Fig. 2B). Genomic DNA extracted

rom the mock-infected culture, when used in nested PCR, did not

c DNA were diluted to contain 100 to 105 copies of HCMV, EBV, or HSV-1 DNA
tions. The primary PCR reactions were then used as templates to conduct nested
b), (2) genomic DNA from the EBV-containing Namalwa cell line (contains 2

were electrophoresed in 1.2% agarose gels containing ethidium bromide (0.5
d B, respectively), EBV primary and nested PCR (C and D, respectively), and

e (in bp) is displayed in the right margin of each panel. In some cases, primary
aliquots of the nested PCR (see EBV nested PCR in D).
nomi
e reac
7.12 k
ducts
(A an

ent siz
sis of
mplify any HCMV-specific fragments.
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erpesviruses in Acute Apical Abscesses Subdivided
ccording to the Presence of Spontaneous Pain, Sizes of
adiographic Bone Destruction and Abscess Lesion, and the
resence of Cellulitis

The patients were grouped according to the presence of sponta-
eous pain, sizes of radiographic bone destruction and abscess lesion
�5 mm or �5 mm), and the presence of cellulitis (Table 3). Twenty-

igure 2. (A) Filtration and DNase I experiment for the detection of HCMV DNA.
ontaining dormant herpesviruses followed by DNase I treatment (10 U, 37°C,
rimary and nested PCR using HCMV primers. PCR products were electrophore
y UV transillumination. Nested PCR products are displayed; 100-bp ladder (L; Pr
ragment sizes are denoted. The positive control (denoted by � symbol) con
emplate. Note that the lower molecular weight band in the � control lane is th
ere prefiltered (0.22 �m to exclude cells and bacteria) and subjected to viru
CR analyses. Each of the MRC-5 cultures was subjected to genomic DNA ext
lectrophoresed in 1.2% agarose gels containing ethidium bromide (0.5 �g/mL
ultures yielded PCR fragments after nested PCR, indicating that the abscess s
reclarified culture medium containing HCMV laboratory strain AD169 to serv
ith saline to serve as a negative control (denoted as � symbol); genomic DN

ielded HCMV-specific fragments in the positive control and no fragments in
romega, Madison, WI) is displayed in the left margin of the panel; selected la

ABLE 3. Clinical Observations and Incidence of Herpesviruses in Acute Apical

Clinical Observations Lesion Size

Presence of spontaneous pain†

Radiographic lesion size
� 5 mm
� 5 mm

Abscess lesion size
� 5 mm
� 5 mm

Presence of cellulitis

A � not available; HCMV, human cytomegalovirus; EBV, Epstein-Barr virus; HSV, herpes simplex vi

Values are given as n (% incidence).

Twenty-eight patients experienced spontaneous pain, including nine patients with abscesses containin
ain for the patient containing HSV-1 are unavailable.

86 Chen et al.
ight patients experienced spontaneous pain, including the nine pa-
ients with abscesses containing HCMV and the two patients with ab-
cesses containing EBV. Twenty-three patients had radiographic bone
estruction of �5 mm, and eight patients had radiographic bone de-
truction of �5 mm. From the patients with radiographic bone destruc-
ion �5 mm, 26.1% of the patients contained HCMV DNA, 4.3% of the
atients contained EBV DNA or HSV-1 DNA, and none of the patients

ss specimens were subjected to filtration (0.45 �m) to exclude cells potentially
utes) to degrade any extracellular DNA released from lysed cells before use in
1.2% agarose gels containing ethidium bromide (0.5 �g/mL) and visualized

a, Madison, WI) is displayed in the extreme left lane of the panel; selected ladder
f nested PCR using genomic DNA from HCMV-transformed lymphoid cells as
V nested PCR fragment. (B) Virus transmissibility experiment. Abscess fluids

rption (6 hours) and infection of MRC-5 cells for 48 hours before conducting
n and primary and nested PCR using the HCMV primers. PCR products were
visualized by UV transillumination. Nested PCR products are displayed. All nine
ens contained low levels of HCMV particles. MRC-5 cells were infected with
positive control (denoted as � symbol) and also subjected to mock infection
acted from control cultures, when used for nested PCR using HCMV primers,
gative control (see � and � control lanes, respectively); 100-bp ladder (L;
ragment sizes are denoted.

sses*

HCMV EBV HSV VZV

9 (32.1) 2 (7.1) NA 0

6 (26.1) 1 (4.3) 1 (4.3) 0
3 (37.5) 1 (12.5) 0 0

8 (26.7) 2 (6.7) 1 (3.3) 0
1 (100.0) 0 0 0
2 (16.7) 1 (8.3) 0 0

, Varicella zoster virus.

and two patients with abscesses containing EBV. Data describing presence or absence of spontaneous
Absce
30 min
sed in
omeg
sists o
e HCM

s adso
ractio
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pecim
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ontained VZV DNA. From the patients with radiographic bone destruc-
ion �5 mm, 37.5% of the patients contained HCMV DNA, 12.5% of the
atients contained EBV DNA, and none of the patients contained HSV-1
r VZV DNA. Thirty patients had abscess lesion sizes �5 mm, and one
atient had abscess lesion sizes of �5 mm. Twelve patients contained
ellulitis of endodontic origin.

Discussion
erpesviruses in Endodontic Disease

Herpesviruses have been implicated in the pathoses of symptom-
tic and asymptomatic apical periodontitis lesions (1–3). Acute apical
bscesses represent one subcategory of symptomatic apical periodon-
itis. Sabeti et al. (1) identified herpesvirus in periapical granulomatous
issues and detected herpesviruses in large symptomatic periapical le-
ions at a higher incidence compared with small asymptomatic peria-
ical lesions. Yildirim et al. (18) showed the presence of herpesviruses
nd bone resorption-inducing cytokines in periapical lesions of decid-
ous teeth. Saboia-Dantas et al. (14) found HCMV and EBV in apical
eriodontitis lesions, with a higher prevalence in human immunodefi-
iency virus-positive patients. Andric et al. (25) detected HCMV in the
ystic wall and identified HCMV in both inflammatory and noninflam-
atory odontogenic cysts. In this current study, we analyzed clinical

pecimens from 31 patients exhibiting acute apical abscesses and cel-
ulitis and conducted primary and nested PCR to determine the pres-
nce and association of herpesviruses with spontaneous pain, sizes of
adiographic bone destruction and abscess lesion, and cellulitis. HCMV,
BV, HSV-1, and VZV were found in 29.0%, 6.5%, 3.22%, and 0% of the
bscess specimens, respectively. The prevalence of herpesviruses in
ellulitis, which represents a more advanced staging of endodontic dis-
ase because of the diffuse nature of the abscess, does not appear to be
ifferent than the virus prevalence in more focalized abscesses. Out of
he 28 patients experiencing spontaneous pain, nine patients contained
CMV and two patients contained EBV. Although there were some ap-
arent differences in the incidence of HCMV, EBV, HSV-1, or VZV be-
ween groups containing small radiographic lesions (�5 mm) versus
arge radiographic lesions (�5 mm), none of these differences were
tatistically significant based on t test analyses (Table 3). This is inter-
sting in contrast to the findings of Sabeti et al. (1) who have shown that
CMV and EBV occur at higher frequencies in periapical lesions with

arge radiographic bone destruction (5 mm � 7 mm) compared with
maller sizes. In addition, the statistical comparison examining differ-
nces in incidence of HCMV, EBV, HSV-1, or VZV between groups con-
aining small abscess lesion sizes (�5 mm) versus large abscess lesion
izes (�5 mm) was not possible because of the small size of the group
n � 1) for the abscess lesion sizes of �5 mm.

ow Prevalence of Herpesviruses in Selected Acute Apical
bscesses

Sabeti et al. (1) identified HCMV in almost all patients examined
hat were previously treated with apical periodontitis. Yildirim et al.
18) found HCMV and EBV DNA in 58% and 67% of the periapical
pecimens, respectively, from deciduous teeth. In our prior study (5)
nd contrary to Sabeti et al. (1), we found the incidence frequency of
CMV in apical periodontitis specimens to be lower (4/30 specimens or
3.3% with HCMV) and also statistically indistinguishable from the in-
idence observed in healthy pulp specimens (8/19 pulp specimens or
2.1% with HCMV DNA). For our current study and in contrast to the
indings of Sabeti et al. (1), we find that herpesviruses and herpesvirus
articles are present but not required for the development of acute
bscesses and cellulitis of endodontic origin. Our results were more

onsistent with the findings of Saboia-Dantas et al. (14) and Sunde et al. h
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4). Saboia-Dantas et al. (14) identified HCMV and EBV in 23% and
1% of patients with apical periodontitis, respectively. Sunde et al. (4)

ound EBV to be the predominant herpesvirus in apical periodontitis
50% incidence) and were not able to detect HCMV in their specimens.
unde et al. (4) proposed that the high incidence of HCMV and EBV
ound in some studies were influenced by the surgical technique and
otential contamination from the marginal area. In addition, Sunde et
l. (4) found that the incidence of EBV in apical periodontitis specimens
ecreased significantly when using submarginal incisions to avoid mar-
inal contamination. In our acute apical abscesses, we also found a
igher incidence of HCMV (29%) compared with our apical periodon-

itis specimens (13.3%) but lower to what we have previously identified
n healthy pulp (42.1% [5]).

he Limit of Detection of Herpesviral DNA Using Nested PCR
Our limit of detection using nested PCR is 0.2 copies/�L for HCMV

NA, 20 copies/�L for EBV DNA, and 2 copies/�L for HSV-1 DNA.
otero et al. (26) recently determined that nested PCR was more sen-
itive than real-time PCR for detection of HCMV DNA and was able to
etect 0.71 copies/�L HCMV DNA using nested PCR, which is consistent
ith our detection limit of 0.2 copies/�L HCMV DNA. In addition, be-
ause of our inability to detect less than 0.2 copies/�L HCMV DNA, 20
opies/�L EBV DNA, or 2 copies/�L HSV-1 DNA using nested PCR, we
annot preclude the possibility that some abscess specimens may con-
ain trace amounts of HCMV, EBV, or HSV-1 genomic DNA.

iral Load and Endodontic Disease
HCMV was detected in 9 of 31 abscess specimens, with viral num-

ers being quite low, probably on the order of �2,000 particles/�L
based on primary PCR detection limit of 104 copies/5 �L � 2,000
opies; Fig. 1A). Botero et al. (18) showed that active HCMV infection
ccurred in only a single patient out of 44 individuals with chronic or
ggressive periodontitis, indicating that active HCMV infection does not
ccur frequently in periodontal pockets. Botero et al. (26) stated that
CMV reactivation may be limited to only a few sites within periodontitis
atients. In contrast, Contreras and Slots (27) showed active HCMV

nfection in four out of nine periodontitis patients using reverse-tran-
cription PCR for the detection of messenger RNA encoding HCMV late
ajor capsid protein. HCMV and EBV load in blood has been quantified

o be variable in several herpesviral-associated diseases (4, 28 –30),
nd even low levels of virus have been found to be clinically relevant.
ur virus transmissibility and filtration/DNase I treatment experiments

upport our contention that intact HCMV particles are present in abscess
luid. However, we cannot formally rule out the possibility that HCMV
articles adsorbed to virus receptors on the external surface of MRC-5
ell membranes but did not undergo penetration and replication in the
nfected cells or if residual HCMV DNA in the abscess fluid underwent
NA-mediated transfection into MRC-5 cells; either of these scenarios,

he latter being very unlikely, may lead to amplification of HCMV-spe-
ific fragments on nested PCR. In addition, the detection of HCMV-
pecific PCR fragments for specimen 26 in the virus transmissibility
xperiment but not in the experiment using DNA extracted directly from
iltered abscess fluids may have been the result of amplification of HCMV
opy number during the extended infection in MRC-5 cells, allowing
ubsequent detection of HCMV by nested PCR.

High virus titers are not necessarily considered to be causative
actors for disease; for example, in the case of circoviruses, small DNA
iruses normally found in pigs and birds, high viral titers were previ-
usly implicated in hepatitis but more recently are believed to simply be

he result of generalized viremia and impaired immune status (31). We
ound that the incidence of HCMV in acute apical abscess (29.0%) was

igher than the incidence of HCMV in apical periodontitis (13.3% [5]).
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aygun et al. (3) proposes that herpesvirus reactivation may preferen-
ially occur at periodontal abscesses. We believe that this may also apply
o acute apical abscesses of endodontic origin where we observe higher
ncidence of HCMV in endodontic abscesses compared with incidence
f HCMV in apical periodontitis. Periodontal abscesses not only serve as
otential sites of herpesvirus reactivation but appear to develop at sites
ith high bacterial pathogen load and low levels of antiviral T lympho-
ytes (3, 32). Although herpesviruses may not be the primary determi-
ant in the formation of acute apical abscesses, herpesvirus reactivation
ay play a contributory role in the polymicrobial infection process

eading to immune impairment, inflammation, and acute endodontic
isease. Thus, herpesviruses and herpesvirus particles may appear in
elected cases of acute apical abscesses and cellulitis but are not re-
uired for the development of this form of endodontic pathosis. The
xact role of herpesviruses in the inflammatory process leading to end-
dontic disease will be need to be explored by further experimentation
sing in vitro or animal model systems.
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