
Odontogenic cysts are common lesions of
the jaws. Among them, periapical (radicu-
lar) cysts (PCs) and odontogenic kerato-
cysts (OKCs) draw special attention; PCs
because of their frequent occurrence and
OKCs because they have special biological
features. Essentially, PCs represent an
inflammatory response to chronic irritation
from the root canal of a tooth with necrotic
pulp (20). Furthermore, proinflammatory
cytokines and inflammation-induced expres-
sion of some growth factors are crucial for
the development of PCs (5, 8). On the other
hand, OKCs are non-inflammatory lesions,
and genetic factors are thought to play a
major role in their etiology (27). However,

secondary inflammation in their walls is
very frequent and results in changes of the
characteristic histopathological features of
OKCs towards non-specific findings, sim-
ilar to those of PCs (23).
The role of pathogenic oral bacteria

in the initiation of periodontal inflam-
mation, including periapical tissues, is
well recognized (16). Moreover, it is
suggested that some viruses, particularly
human cytomegalovirus (CMV) and
Epstein–Barr virus type 1, may be
involved because they were detected in
inflammatory cells in periodontal lesions
(2). It was also shown that an increase
in herpes virus copy-counts is related

to more severe forms of periodontitis
(14).
Several studies provided substantial

information on the involvement of CMV
in periapical inflammation. Active CMV
infection was detected in specimens of
periapical lesions obtained at the time of
apicectomy (26). Moreover, such infec-
tions were more frequent in specimens
from the periapical region of teeth that
showed signs of acute inflammation (25),
even reaching 100% of CMV-positive
symptomatic specimens in a study by
Slots et al. (29). Active CMV infection
was also detected in periapical lesions
of teeth with intact crowns (24). This
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Introduction: Recent studies suggest that some viruses, including human cytomegalo-
virus (CMV), may be involved in the pathogenesis of periapical lesions. Since periapical
cysts (PCs) represent the next stage in the evolution of periapical granuloma, it seemed
reasonable to investigate the presence of CMV in PCs and any possible relationship
between its presence and the clinical features of those cysts, as well as to compare the
results obtained with corresponding findings in non-inflammatory lesions, like odonto-
genic keratocysts (OKCs).
Methods: Samples of 33 PCs and 10 OKCs, obtained at the time of surgery, were used
for the detection of CMV DNA by polymerase chain reaction. Presence of the virus was
correlated with clinical and radiographic features of the cysts.
Results: CMV was detected in 18 PCs (54.5%) and six OKCs (60%). The presence of
CMV was more frequent in cyst samples collected from patients who reported previous
episodes of acute infection. The presence of sinus tract was more frequent in CMV-
positive cysts and CMV presence was less frequent in a group of cysts showing signs of
acute inflammation at the time of sample collection. The mean sizes of CMV-positive and
CMV-negative PCs were almost the same; CMV-positive OKCs were slightly larger than
CMV-negative OKCs. None of these results proved to be statistically significant.
Conclusion: The presence of CMV in the cystic wall is a common feature of both
inflammatory and non-inflammatory odontogenic cysts. Although this study has not
proved that CMV affects pathogenesis of odontogenic cysts, such a possibility could not
be ruled out.
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suggests that CMV in periapical tissues
does not originate from the mouth,
although it is frequently excreted through
saliva. All these studies imply the possible
participation of CMV in the etiopathogen-
esis of periapical inflammation – initiation
of cytotoxic reactions, release of tissue-
destructive cytokines, and immune impair-
ment favoring bacterial infection, were
denoted as possible mechanisms of that
influence (30).
As CMV is detected in periapical lesions

and PCs actually represent the next step in
the evolution of periapical granulomas, it
seems reasonable to believe that the virus is
also present in PCs. However, there are no
available references on that topic. The
immune response to CMV infection in-
cludes the activation of cytotoxic T lympho-
cytes and natural killer cells (1, 33), which
represent a significant part of the inflamma-
tory cell infiltrate in periapical granuloma
(11, 13). It is possible that the destruction of
infected cells in periapical granuloma fa-
vors its cystic transformation. Furthermore,
CMV induces the production of proinflam-
matory cytokines interleukin-1b (IL-1b),
IL-6, IL-12, and tumor necrosis factor-a
(19), which are known to be mediators of
bone resorption in periapical lesions (16)
and are present in odontogenic cysts (5, 17).
Accordingly, CMV, if present, might con-
tribute to bone resorption and growth of the
cyst.
Having in mind the possible involve-

ment of CMV in the etiopathogenesis of
PCs, and the frequent secondary inflam-
mation of OKCs, the aim of this study was
to investigate if CMV is present in the
walls of both PCs and OKCs and to
correlate its presence to the type of cyst
and to their clinical and radiographic
features.

Material and methods

Patients and clinical data

Forty-nine patients with clinical and radi-
ographic findings suggestive of cystic
lesions of the jaws enrolled in the study.
Immunocompromised patients or patients
who were receiving antiviral or immuno-
suppressive therapy were excluded from
the study. The Ethical Committee of
the School of Dentistry, University of
Belgrade, approved the study protocol.
Informed consent was obtained from all
patients and all procedures were fully
explained to them before the study.
Data on patients’ complaints, duration of

symptoms and previous treatment were
recorded for each patient. Particular atten-
tion was paid to the history of acute

infection of the cyst, number of previous
episodes of infection and treatment needed
to resolve them. Clinical examination was
performed immediately before surgery, and
presence of pain in the previous 48 h,
inflammatory swelling, and sensitivity to
palpation or percussion were noted. Lesions
exhibiting any of those signs were consid-
ered to be symptomatic. Otherwise, lesions
were noted as asymptomatic. Also, pres-
ence of a sinus tract was recorded. Cystic
fluid was aspirated by inserting a needle
through the mucosa in an area of bony
expansion, and the appearance of cystic
fluid was noted as either typical or purulent.
To assess the size of the cyst, the

greatest mesio-distal and cranio-caudal
diameters of the lesion were measured on
standard panoramic images, and cyst size
was calculated as the arithmetic mean of
those values.

Collection of samples

Before the surgical incision, the operative
area was treated with 0.12% chlorhexidine.
After that, an appropriate incision was
made and a full-thickness mucoperiosteal
flap was reflected, to expose the area of the
cyst. Thinned bone was removed using
rotary instruments to gain access to the
cyst. Part of the cystic wall was excised,
placed in an empty plastic vial and imme-
diately frozen until the virological exam-
ination. The remaining, larger portion of
the cyst was enucleated and used for
histopathological examination.
Regarding the size of the lesions, at the

time of the surgery it was possible to
demonstrate the presence of a sac-like
cystic lesion of the jaw in all but two cases
(these two were then excluded from further
study). Criteria for establishing diagnosis
of PC were ability to demonstrate the
presence of a cystic lumen at the time of
surgery, presence of endodontically treated
tooth or a tooth with necrotic pulp in
connection with the cyst, and histopatho-
logical findings of epithelium-lined cavity
with features characteristic of PCs. Diag-
nosis of OKC was made if typical histo-
pathological features of OKCs, including
parakeratosis of the epithelial lining, were
present in at least some parts of the cystic
wall and if neighboring teeth demonstra-
ted no pulpal or periapical disease. The
presence of epithelium-lined cavity was
required to distinguish inflamed cysts with
purulent fluid from periapical abscesses.
During the entire surgical procedure,

using meticulous high-volume evacuation,
care was taken to minimize the risk of
salivary contamination of samples.

Once full clinical, radiographic and
histopathological examinations were per-
formed, final diagnosis was made for all
lesions. Specimens from lesions that ful-
filled criteria for the diagnosis of PCs or
OKCs were used for the detection of CMV
DNA.

Viral detection

Polymerase chain reaction (PCR) was used
to detect CMV. Samples of cystic wall
were processed using a standard proteinase
K and phenol–chloroform nucleic acid
extraction method. Primers for viral detec-
tion were CMV F: 5¢-CCACCCGTGGTG
CCAGCTCC-3¢ and CMV R: 5¢-CCC
GCTCCTCCTGAGCACCC-3¢ (Fermen-
tas, Burlington, Canada). Details on the
sensitivity and specificity of the set of
primers have been described previously
(28). The PCR product was 159 bp in size.
PCR amplification was performed in a
total volume of 25 ll mixture that con-
tained 3 ll sample, 1· Taq buffer (Prome-
ga, Madison, WI, USA), 3 mm MgCl2
(Promega), 0.2 mm deoxynucleoside tri-
phosphates, and 0.20 lm of each primer.
Human fibroblast monolayers containing

CMVwere used as a positive control, while
a PCR mixture containing 3 ll distilled
water instead of cyst sample was used as a
negative control. Initial denaturation of
DNA was performed at 94�C for 3 min,
followed by 30 cycles of denaturation at
94�C; annealing at 56�C; and elongation at
72�C, 30 s each. Final extension was per-
formed at 72�C for 5 min.
Ten microliters of amplification mixture

were subjected to electrophoresis in 8%
polyacrylamide gel (20 V/cm in Tris–
borate ethylenediaminetetraacetic acid buf-
fer), containing 0.5 lg/ml ethidium
bromide. Amplified fragments were visu-
alized under an ultraviolet transilluminator.
The result was considered to be positive if
a band of the expected size was present.

Statistical evaluation

Statistical analysis was carried out using
chi-squared test, Fisher’s exact test and
Student’s t-test (SPSS 10.0 statistical soft-
ware; SPSS Inc, Chicago, IL, USA);
P-values of 0.05 or less were considered
to be statistically significant.

Results

After histopathological examination, final
diagnosis was made for all patients and out
of 49 enucleated lesions, 43 samples
fulfilled the criteria of the study – 33 were
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PCs and 10 were OKCs. Three dentigerous
cysts, one orthokeratinized keratocyst, and
two cases in which it was not possible to
demonstrate the presence of a cystic lumen
were excluded from the study. There were
18 male and 25 female patients; mean age
was 43.3 years (SD 17.7). Of the 43 cysts,
14 were located in the lower jaw and 29 in
the upper jaw. Mean size of the cysts was
30.12 mm (SD 15.07 mm). The smallest
and the largest cysts were 11 and 80 mm
in diameter, respectively.
Cytomegalovirus DNA was detected in

more than half of the collected samples.
Eighteen of 33 PCs (54.5%) and six of 10
OKCs (60%) harbored CMV in their walls.
As can be seen, the frequency of CMV
detection was similar for both PCs and
OKCs (chi-squared test: s = 0.76).
Cytomegalovirus was more frequently

present in cysts from patients who reported
previous episodes of acute infection (Table
1) In the group of PCs, twice as many
CMV-negative cysts were without epi-
sodes of infection, compared with CMV-
positive cysts (20% vs. 11.1%). Moreover,
two or more previous episodes of infection
(repeated infections) were seen more often
in CMV-positive PCs. However, according
to chi-squared tests, these differences were
not statistically significant. Although most
of the patients with OKCs had not reported
episodes of infection, it is interesting to
point out that the only patient with OKC
who had repeated infections had a CMV-
positive cyst (Table 1).
The presence of sinus tract (which might

be regarded as a consequence of more
pronounced inflammatory reactions) was
more frequent in PCs that harbored CMV.
In the group of OKCs, cysts with sinus
tract always harbored CMV in their walls,
while none of the CMV-negative OKCs
showed the presence of sinus tract (Table
1). Again, according to Fisher’s exact test,
those differences were statistically insigni-
ficant.

Surprisingly, the presence of CMV was
less frequent in a group of cysts that
showed clinical signs of acute inflamma-
tion at the time of sample collection
(symptomatic cysts). This was especially
so in a group of PCs, although Fisher’s
exact test had not shown statistical signi-
ficance (Table 1). Similarly, frequency of
CMV detection was lower in cysts that had
purulent cystic fluid, although some cysts
were empty because of previous drainage
or tooth extraction (Table 1).
Mean sizes of CMV-positive and CMV-

negative PCs were practically the same:
25.8 mm (SD 12.3 mm) for CMV-positive
PCs and 28.7 mm (SD 15.2 mm) for
CMV-negative PCs. On the other hand,
CMV-positive OKCs were somewhat lar-
ger (mean size 45 mm, SD 18.8 mm) than
cysts in which CMV was not detected
(mean size 32.5 mm, SD 8.9 mm). Again,
according to the Student’s t-test, these
differences were statistically insignificant.

Discussion

This study has shown the presence of
CMV in the walls of odontogenic cysts.
This came as an expected result for PCs
because CMV infection of periapical gra-
nulomas has already been demonstrated.
However, previous studies were unable to
demonstrate viral infection of odontogenic
cysts (7, 22). Moreover, CMV was impli-
cated in the pathogenesis of lymphoepit-
helial cysts of the parotid gland, which
have histological features similar to odon-
togenic cysts (32). Still, in a study of Yen
et al. CMV was detected in 20% of
lymphoepithelial cysts and 23% of normal
parotid tissue specimens (34). From that
point of view, >50% of CMV-positive
odontogenic cysts in our study represents
a relatively high frequency of virus
detection.
Bearing in mind the substantial etiolog-

ical and pathogeneic differences between

PCs and OKCs, almost the same frequency
of CMV detection in both cyst types was
surely the most surprising result of this
study. Although frequent inflammation of
OKCs results in changes of their histo-
pathological features (23), an inflamed
OKC is still a lesion with very different
embryogenic origin and biological behav-
ior from a PC. This opinion is supported
by studies showing that inflammation of
OKCs does not reduce (10), or even
enhance (3) the expression of cell prolif-
eration markers in the epithelial lining of
OKCs. Increased expression of those
markers (compared with other odontogenic
cysts) is known to be typical of OKCs
(27). Furthermore, common recurrences
after surgical removal are characteristic of
OKCs, and it was shown that infected
OKCs might recur even more frequently
than their non-infected counterparts (6).
Considering this, the similar percentage

of CMV-positive PCs and OKCs suggests
that CMV probably does not play a
significant role in the etiology of these
cysts, but rather in their behavior related to
inflammation. It was shown that mono-
cytes and peripheral macrophages are
major sites of latent CMV infection (21,
31). As macrophages represent a signifi-
cant part of the inflammatory cells’ infil-
trate in periapical lesions (15, 18), it might
be assumed that the presence of CMV in
the cyst wall is a result of its infiltration by
infected macrophages. This opinion is
reinforced by Sabeti et al. who showed
that CMV in periapical lesions probably
does not originate from the mouth (24).
However, it is not known how often
reactivation of latent CMV in cyst walls
takes place and what are its proportions.
Cytomegalovirus was detected more

frequently in samples collected from
patients who reported previous episodes
of infection. The same is true for the
presence of sinus tract, a feature that also
reflects a pronounced inflammatory reac-
tion in the cyst. Although those results lack
statistical verification it is noticeable that
similar findings were present in both cyst
types. This could indicate a probable
contribution of CMV to inflammatory
processes in odontogenic cysts.
It was unexpected that CMV was more

readily detected in cysts that had not
shown signs of acute inflammation at the
time of surgery (asymptomatic cysts).
Since proinflammatory cytokines have an
important role in the reactivation of latent
CMV (9), one should expect that exacer-
bation of local inflammation results in
virus reactivation and an increased number
of viral particles that will facilitate its

Table 1. Clinical features of cytomegalovirus (CMV)-positive and CMV-negative cysts

Periapical cysts (PCs) Odontogenic keratocysts (OKCs)

CMV-positive CMV-negative CMV-positive CMV-negative

Without episodes of infection 2 (11.1) 3 (20) 4 (66.6) 3 (75)
One episode of infection 7 (38.9) 8 (53.3) 1 (16.7) 1 (25)
Repeated infections 9 (50) 4 (26.7) 1 (16.7) 0 (0)
With sinus tract 7 (38.9) 3 (20) 3 (50) 0 (0)
Without sinus tract 11 (61.1) 12 (80) 3 (50) 4 (100)
Symptomatic cysts 7 (38.9) 9 (60) 0 (0) 1 (25)
Asymptomatic cysts 11 (61.1) 6 (40) 6 (100) 3 (75)
Typical cystic fluid 7 (38.9) 3 (20) 4 (66.7) 3 (75)
Purulent cystic fluid 7 (38.9) 10 (66.7) 0 (0) 1 (25)
N/A 4 (22.2) 2 (13.3) 2 (33.3) 0 (0)

Values are given as n (%).
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detection. Studies by Sabeti and by Slots
et al. showed increased detection of active
CMV infection in symptomatic periapical
lesions (25, 29). However, those studies
investigated the active replication of CMV,
making comparison with our results diffi-
cult. A lower frequency of CMV detection
in cysts that had purulent fluid might
partially explain our results: it is possible
that severe purulent inflammation causes
transitory change in the inflammatory cell
infiltrate in the cystic wall, from a relative
predomination of infected macrophages to
an increased number of non-infected neu-
trophils, which results in a decrease in
viral detection.
Practically, the same mean size of CMV-

positive and CMV-negative PCs corres-
ponds to common detection of CMV in
periapical granulomas and indicates that
virus contaminates the PC at an early stage
of its development. It is particularly inter-
esting that the OKCs that harbored CMV
were larger than CMV-negative cysts.
Although there is no statistical verification
of this result, it suggests that OKCs need
more time to be infected by CMV and the
longer evolution of the cyst also facilitates
secondary inflammation in its wall. Fur-
thermore, the similar size of CMV-positive
and CMV-negative PCs might be under-
stood as an indicator that CMV does not
contribute to their pathogenesis; however,
a viral contribution to the growth of cysts,
as slowly growing lesions, cannot be
substantiated. Furthermore, it could be
hypothesized that CMV-positive cysts are
smaller because they are diagnosed earlier
as a result of the intensive inflammation in
the cystic wall.
Finally, it has to be stated that PCR

detection of CMV has some limitations that
have to be taken into account when dis-
cussing the results of this study. It has
already been shown that high sensitivity of
PCRmight bemisleading, when diagnosing
clinically significant CMVinfection (4, 12).
Consequently, the results of our study
could, possibly, reflect only the presence
of latently infected macrophages in the
cystic wall, instead of productive CMV
infection. On the other hand, reverse-
transcriptase PCR detection of active viral
replication overcomes a possible problemof
detecting latently infected cells. However,
sole detection of active replication of the
virus could not be regarded as proof of its
contribution to the pathogenesis of odonto-
genic cysts. Such findingsmight only reflect
transient differentiation of circulating
monocytes into peripheral macrophages, a
process that initiates reactivation of the
latent virus (21) and that should be expected

in the exacerbation of inflammatory reac-
tions. Still, such reactivation might be
limited (both in quantity and duration) and
without significant influence on the patho-
logical processes connected with pathogen-
esis of the cyst.
This study has demonstrated the pres-

ence of CMV in a significant proportion of
odontogenic cysts. Although there is a lack
of evidence that CMV affects the patholo-
gical processes in those lesions, its results
do not rule out such a possibility. It is
likely that the introduction of more sophis-
ticated methods, such as reverse-transcrip-
tase and real-time PCR, will improve our
understanding of the possible role of CMV
in the pathogenesis of jaw cysts.
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