
Apical periodontitis of endodontic origin is
usually described as a bacterial infection
caused by specific pathogenic species (7,
10, 26, 28). Initial pulpitis lesions harbor
mainly facultative gram-positive plaque
bacteria, whereas periapical lesions are
associated with anaerobic and proteolytic
gram-negative species (6, 19). The popu-
lation shift in the endodontic microbiota

with disease progression is widely recog-
nized but was never explained. Endodontic
bacteria possess potent virulence factors
(21) and induce vigorous host responses
(20). However, it is not known if bacteria
cause periapical lesions solely on their
own, or if they play a part in the disease
process as a microbiological consequence
of some other pathophysiological events.

A major disturbance in the endodontic
ecosystem must take place to cause the
shift from a predominantly gram-positive
facultative to a gram-negative anaerobic
microbiota. Microbial factors, such as
synergistic and antagonistic bacterial inter-
actions (9, 35), host-specific factors,
including innate and acquired immune
functions (33), as well as specific
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Background/aims: Apical periodontitis of endodontic origin may develop as a result
of cooperative interactions among herpesviruses, specific pathogenic bacteria and
tissue-destructive inflammatory mediators. This study sought to identify the
presence of Epstein–Barr virus (EBV) and human cytomegalovirus (HCMV)
transcripts in symptomatic and asymptomatic periapical lesions of individuals living
in Iran.
Material and methods: Fifty endodontic patients (28 with symptomatic periapical
lesions and 22 with asymptomatic periapical lesions) were included in the study. In each
study subject, a microbiological periapical sample was collected using a curette in
conjunction with periapical surgery. A reverse transcription–polymerase chain reaction
assay was used to identify transcripts of EBV and HCMV.
Results: Human cytomegalovirus transcript was detected in 15 of the 28 (53.6%)
symptomatic and in six of the 22 (27.3%) asymptomatic periapical study lesions
(significant difference between symptomatic and asymptomatic lesions; P = 0.03,
chi-square test). Epstein–Barr virus transcript was identified in one symptomatic and in
two asymptomatic periapical lesions.
Conclusion: This study establishes that HCMV transcription is common in
apical periodontitis and is most frequent in symptomatic lesions. The high frequency
of active herpesvirus infections in severe apical periodontitis changes the pathogenic
paradigm of the disease and may also have preventive and therapeutic implications.
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nutritional factors (7) determine the com-
position of the endodontic microbiota.
However, it is not clear why fastidious
anaerobic species would outcompete viri-
dans streptococci and actinomyces species
during the progression of endodontic dis-
ease. Endodontic gram-negative bacteria
must overcome high levels of inhibitory
serum antibodies (3), and bacteriocins
from co-resident gram-positive species
(37). Oral streptococci and actinomyces
do not seem to face a similar degree of
challenge from the host or from gram-
negative species.
Various clinical features of apical peri-

odontitis also require an explanation.
Many periapical lesions are self-limiting
with short duration morbidity, and do not
proceed to major bone loss. On the other
hand, some periapical lesions continue a
progressive course of destruction to even-
tually involve a large part of the affected
jaw. Also, after a prolonged period of
disease stability, some periapical lesions
become aggressive and symptomatic.
Moreover, one or two roots of a molar
may show periapical progressive disease,
whereas other roots of the same tooth may
show little or no periapical pathosis.
The critical pathogenic factors of peri-

apical pathosis remain unclear, mainly
because of difficulties in identifying the
full spectrum of principal endodontopath-
ogens and in distinguishing between
destructive and protective features of the
endodontic inflammatory response. It may
be that different hypotheses of etiology fit
separate parts of the endodontic disease
process. There is little doubt that pulpitis
lesions that communicate with the oral
cavity are attributable to bacterial action.
However, because of a lack of direct
evidence for a pure bacterial etiology of
periapical lesions, and the many puzzling
clinical features of the disease, it is our
contention that a simple bacterial cause of
periapical disease may have been overem-
phasized. We suggest that recent studies
showing the presence of herpesvirus infec-
tions in periapical lesions can provide new
important insights into the causation of the
disease (31). Most likely, herpesviral–bac-
terial concurrent infections are more path-
ogenic than single infections by either of
the two types of infectious agents (30).
Published studies on mammalian viruses

in endodontic lesions have virtually all
originated from the USA. As the type and
prevalence of herpesviruses differ among
ethnic and geographic groups (27, 39), and
microorganisms in endodontic infections
also vary with geographic location (4, 17),
it is important to determine the herpesvirus

presence in endodontic lesions of several
different populations. The present study
was undertaken to determine the occur-
rence of transcripts of Epstein–Barr virus
(EBV) and human cytomegalovirus
(HCMV) in symptomatic and asymptom-
atic apical periodontitis lesions of individ-
uals living in Iran.

Material and methods

Subjects

The study included 28 patients (aged
18–57 years) with symptomatic apical
periodontitis and 22 patients (aged 15–
55 years) with asymptomatic apical peri-
odontitis. The 50 study participants were
scheduled for endodontic examination at
the Department of Endodontics, Tehran
University of Medical Sciences. All
patients were systemically healthy and
had not received endodontic treatment or
antibiotics for at least 3 months before the
start of the study. The Institutional Internal
Review and Ethics Board of the Tehran
University of Medical Sciences approved
the study. Written informed consent was
obtained from each study subject after the
nature of the procedures and possible
discomforts and risks had been fully
explained.
Symptomatic teeth exhibited swelling,

pain, discomfort on biting, or sensitivity
by percussion or palpation. Asymptomatic
teeth revealed no signs or symptoms of
acute periapical inflammation or pain at
the time of the study. The apical area of
each study tooth was examined in periapi-
cal radiographs obtained by a long cone
paralleling technique. None of the study
teeth demonstrated moderate or severe
types of marginal periodontitis.

Virological sampling

Periapical samples were collected in con-
junction with apicectomy. The surgery was
performed because of radiographic evi-
dence of incomplete periapical healing
following conventional root canal treat-
ment. Before administering local anesthet-
ics, the teeth, gingiva and mucosa of the
sample area were washed with 0.2%
chlorhexidine and patients rinsed with
0.2% chlorhexidine mouthwash for 30 s.
Using a sterile no. 15 blade, an intrasul-
cular incision was extended one or two
teeth mesially and distally from the study
tooth, followed by a vertical release inci-
sion mesially. A full-thickness mucoperio-
steal flap was then reflected, exposing the
periapical lesion area. Access through the
cortical bony plate was obtained using a

sterile explorer or No. 4 or 6 sterile high-
speed surgical round burs with sterile
water coolant in the area of osteotomy.
Using a sterile curette, a periapical spec-
imen for virological identification was
placed in an empty plastic vial and imme-
diately frozen at )70�C.

Virological examination

Epstein–Barr virus and HCMV transcripts
were identified as previously described
(24). Briefly, RNA was isolated using
RNX-plus (CinnaGen Inc, Tehran, Iran).
Complementary DNA (cDNA) was gener-
ated using a preamplification kit with
dimer nucleotides and random hexamers
(RevertAid� First-Strand cDNA Synthesis
Kit; Fermentas, Vilnius, Lithuania). Poly-
merase chain reaction (PCR) primers for
EBV were TCC ACC ACA CCC AGG
CAC and TGG AGA GGT CAG GTT
ACT TAC, which amplified the genome
encoding for the early antigen EBV
nuclear antigen 2 (EBNA-2) (15). The
size of the EBV amplification product is
205 base pairs (bp). Primers for HCMV
were ACG CGC TGC CGC TCA AGA T
and TGTAGTAGA CGT CGG GCT CTT
T, which amplified the pp65 gene, tran-
scribed late during the infectious cycle (22,
32). The size of the HCMV amplification
product is 195 bp. The standardization,
sensitivity, and validation of the cDNA
methodology followed previously
described procedures (36). The sensitivity
of the PCR assay was 400 herpesvirus
genomic copies, including the dilution
factor of the samples. No cross-reactivity
was observed with a variety of oral
bacterial strains. Amplification products
were identified in agarose electrophoretic
gel, and visualized for size using a UV
lamp at 320 nm wavelength.

Results

A total of 28 symptomatic and 22 asymp-
tomatic periapical lesions were studied.
The average radiographic size was
4.8 · 4.9 mm for symptomatic lesions
and 4.3 · 4.7 mm for asymptomatic
lesions.
Table 1 reveals that HCMV transcript

was detected in 15 of the 28 (53.6%)
symptomatic and in 6 of the 22 (27.3%)
asymptomatic periapical study lesions. The
difference in occurrence of HCMV tran-
script between symptomatic and asymp-
tomatic lesions was statistically significant
(P = 0.03, chi-square test). The EBV
transcript was identified in one symptom-
atic and two asymptomatic periapical
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lesions. Fig. 1 shows the identification of
HCMVand EBV transcripts by agarose gel
electrophoresis.

Discussion

This study determined EBV and HCMV
genomic transcription with the aim of
identifying pathogenetically important her-
pesvirus active infections. As the present
PCR methodology would not recognize
transcriptionally quiescent EBV and
HCMV genomes, our study probably
underestimated the total occurrence of
these viruses in the periapical lesions
studied.
The present HCMV data are in general

agreement with previous findings, but the
finding of a low rate of EBV transcription
in symptomatic periapical lesions is at
variance with earlier results (31). As this
study employed the EBV PCR primer
design used in previous studies (24), the
difference in findings may be more related
to the characteristics of the patients studied
than to the PCR methodologies used.
Our data strengthen the hypothesis of a

causal relationship between an active
HCMV infection and symptomatic peri-
apical pathosis. Saboia-Dantas et al. (25)
identified EBV and HCMV serologically
in enlarged periapical cells, which is
suggestive of an active viral infection,
and herpesvirus-infected cells were partic-
ularly prominent in HIV-infected patients.
HCMV genome can be detected in peri-
apical cysts as well, especially in those

with a previous episode of acute infection
(2).
Some symptomatic periapical lesions

may develop in part because of reactiva-
tion of a latent HCMV infection. Herpes-
virus reactivation takes place with a
weakened host defense and has, by itself,
the potential to impair important host
defense systems. Obviously, the viral load
needs to be of a sufficiently high magni-
tude to cause disease, and may have been
relatively low in the periapical study
lesions that showed herpesvirus transcrip-
tion but remained asymptomatic.
Both innate and the adaptive immune

systems play important roles in the host
defense against herpesviruses (12, 29).
Briefly, a herpesviral active infection ini-
tiates the activation of nuclear factor-kappa
B and its translocation to the nucleus,
promoting the expression of proinflamma-
tory cytokines, chemokines, and adhesion
molecules in virally infected cells. Proin-
flammatory cytokines recruit macrophages
and natural killer cells to the site of
infection and activate the cellular expres-
sion of various effector functions. Cells of
the innate immune system lyze virally
infected cells and are a rich source of T
helper type 1 proinflammatory antiviral
cytokines, including interleukin-1, inter-
leukin-6, interleukin-12, interleukin-18,
tumor necrosis factor-a and interferons.
The concerted action of innate immune
responses activates the adaptive immune
system, especially CD8+ cytotoxic T
lymphocytes, in the defense against

herpesviral infections. However, the patho-
physiology of herpesviral infections also
includes viral immunoevasins that exploit
diverse cellular processes to interfere with
host antiviral functions (29, 38). The
inflammatory cells and cytokines associ-
ated with herpesvirus infections are pres-
ent in large quantities in endodontic
lesions (18).
Periapical lesions may develop as a

result of complex immune responses
against the herpesviral–bacterial combined
infection. As T helper type 1 proinflam-
matory cytokines can undermine T helper
type 2 cytokines, and vice versa (13, 29),
periapical lesions may experience a chang-
ing dominance of either herpesviral or
bacterial immune responses. The early
phases of the development of apical peri-
odontitis may involve immunosuppressive
events for various reasons having the
potential to activate a latent herpesvirus
periapical infection. Herpesvirus active
infections induce cytotoxic T-cell prolifer-
ation and proinflammatory cytokine release
(5), which can adversely affect the produc-
tion of antibacterial antibodies (16), and
can subvert complement (16), neutrophil
(1), and macrophage (8) functions. Exog-
enous-like pathogenic species, which are
mainly controlled by antibody-mediated
host responses (23), may particularly ben-
efit from a reduction in antibacterial immu-
nity and outgrow co-resident indigenous
microorganisms, triggering a shift towards
a more virulent flora. If a herpesvirus
endodontic infection indeed induces high
levels of proinflammatory cytokines and
overgrowth of major endodontopathic bac-
teria, the (re)establishment of effective
antiviral immunity may constitute an
important step in achieving a long-term
remission of apical periodontitis.
Even though proinflammatory cytokines

have the potential to initiate alveolar bone
resorption (14), the periapical cytokine
response may actually be beneficial overall
by preventing the activation and wide-
spread dissemination of virulent viruses
(11). If so, herpesvirus-associated apical
periodontitis may develop as a result of the
efforts of the host to control existing
viruses and avoid viral dissemination and
serious systemic diseases.
The concept of a pathogenic herpesvirus

infection may help clarify at least some of
the clinical features of periapical pathosis.
In this context, herpesvirus-associated
cytopathogenic effects, immune evasion,
immunopathogenicity, latency, reactivation
from latency and tissue tropism may
constitute important aspects of periapical
pathosis. A robust antiherpesvirus host

Table 1. EBV and HCMV transcripts in symptomatic and asymptomatic periapical lesions

Periapical lesions
EBV alone,
n (%)

HCMV
alone, n (%)

EBV + HCMV,
n (%)

No study
viruses, n (%)

Symptomatic (n = 28) 1 (3.6) 15 (53.6) 0 (0) 12 (42.9)
Asymptomatic (n = 22) 1 (4.5) 5 (22.7) 1 (4.5) 15 (68.2)
Total (n = 50) 2 (4.0) 20 (40.0) 1 (2.0) 27 (54.0)

EBV, Epstein–Barr virus; HCMV, human cytomegalovirus.

HCMV

500 bp

195 bp

205 bp

500 bp

EBV

Fig. 1. Transcripts of Epstein–Barr virus (EBV; 205 bp) and human cytomegalovirus (HCMV;
195 bp) in periapical lesions.
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response may be responsible for a pro-
longed period of disease stability even in
the presence of virulent bacteria; herpes-
virus reactivation from the latent state may
account for periapical disease exacerba-
tion; and herpesviral propensity to tissue
tropism may explain why signs and symp-
toms of endodontic pathosis can vary
significantly between teeth/roots in the
same patient.
The finding of herpesvirus active infec-

tions in severe apical periodontitis may
have therapeutic implications. Antiviral
chemotherapeutics are effective against
viruses in the lytic phase, but not in the
latent phase, which limits their use to acute/
progressive dental infections. A patient
with refractory marginal periodontitis and
high EBV periodontal load was recently
treated with the antiherpesvirus drug Valt-
rex� (GlaxoSmithKline, Brentford, Mid-
dlesex, UK) (valacyclovir HCl, 500 mg
twice a day for 10 days), which led to
suppression of the virus to undetectable
levels and a ‘dramatic’ clinical improve-
ment (34). Future management of apical
and marginal periodontal diseases may also
benefit from antiherpesviral immunothera-
peutics: either prophylactic vaccines, which
harness the immune system of healthy
subjects to prevent infection by disease-
causing viruses; or therapeutic vaccines,
which stimulate the immune system into
combating existing viruses and disease.
The notion of herpesviral–bacterial patho-
genetic synergism implies that effective
vaccination against herpesviruses can help
control endodontic bacteria as well.
In summary, the involvement of herpe-

sviruses in periapical pathosis challenges
several conventional concepts of endodon-
tic immunology. We propose that unfavor-
able changes in the endodontic host
defense suppress important antiviral
immune responses, which then trigger
herpesvirus reactivation and an increase
in proinflammatory cytokines having the
potential to induce bone resorption and
overgrowth of major endodontopathic bac-
teria. Studies are warranted on methods to
control or eliminate herpesviruses in end-
odontic sites.
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