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Abstract

Objective. The pathogenesis of salivary calculi is not yet
clear; however, 2 theories have been formulated: (1) ‘‘the
classic theory,’’ based on calcium microdeposits in serous
and ductal acinous cells, successively discharged into the
ducts; (2) ‘‘the retrograde theory,’’ based on a retrograde
migration of food, bacteria, and so on from the oral cavity
to the salivary duct. The aim of the present study is to high-
light the role of bacteria and biofilm in stone formation.

Study Design. Case series without comparison.

Setting. Laboratory of the Department of Anatomical Pathology.

Subjects and Methods. Traditional optic microscopy and scan-
ning electron microscopy were carried out on 15 salivary
gland calculi that were collected from 12 patients. A qPCR
(quantitative real-time polymerase chain reaction) assay was
performed to highlight the presence of bacterial DNA on
each stone.

Results. Optic microscopy showed formations that—due to
their size, shape, and Gram and Giemsa staining—seemed
to be Gram-positive bacterial cells. PAS- (periodic acid–
Schiff) and alcian-PAS-positive staining matrix was present
around them. The ultrastructural observation of the mate-
rial processed for scanning electron microscopy showed the
presence of structures resembling bacterial cells in the
middle of the stones, surrounded by soft, amorphous mate-
rial. Results of qPCR showed the presence of bacterial
DNA in the internal part of the tissue sample.

Conclusions. The presence of bacteria and/or bacterial products
resembling biofilm in salivary gland stones supports the ‘‘retro-
grade theory.’’ This evidence may support the hypothesis that
biofilm could be the causative effect of lithiasic formations.
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T
he pathogenesis of salivary calculi is still under

investigation. Currently, the classic theory, proposed

by Harrison, is the most favored one, suggesting that

within the serous and ductal acinous cells, calcium microde-

posits/microconcretions are produced and discharged into

the ducts, especially through gland inactivity forming inor-

ganic calcium nuclei.1,2

Marchal et al, as well as other authors, have recently pro-

posed a new theory,3 ‘‘the retrograde theory,’’ based on

migration of food, bacteria, and/or bacterial components and

foreign objects from the oral cavity to the salivary duct.

Migration is facilitated by functional instabilities of the

sphincter.3-6

Cofactors associated with salivary gland stone formation

are the decrease in salivary flow, dehydration, and salivary

pH variations, secondary to pharyngeal infections.3 Also, in

salivary gland stones, an organic matrix was detected.7,8

Both theories suggest that an organic base is necessary for

the formation of calculi: glycoprotein precipitate is pro-

duced by cells in the classic theory and a highly saturated

mucous plug solution composed of carbohydrates and

amino acids in the retrograde theory.
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The inorganic component is composed of phosphate cal-

cium under the form of magnesium-hydroxylapatite, ammo-

nium carbonate, and ions.7 Through the use of a universal

bacterial primer, a region of the 16s RNA bacterial gene was

detected by polymerase chain reaction (PCR) in salivary gland

calculi,9 and the presence of bacteria within the stones was

detected with electron microscopy.10 The most detected bacter-

ial species belong to the Streptococcus genus, whose species

are part of the oral microbiome.11 Similarly, bacteria are also

found in many brown pigment stones and cholesterol gall-

stones,12,13 as well as in kidney stones,14 and it is believed that

the formation of these stones is often due to biofilm, even in

the absence of evident inflammatory processes.

Assuming that a retrograde migration of food, bacteria,

and foreign bodies from the oral cavity to salivary ducts

does occur, the aim of this study was to evaluate the pres-

ence of bacteria and/or biofilm in salivary gland stones,

even in the absence of clinically apparent sialadenitis. We

believe that bacteria and biofilm organic matrix play a key

role in calculus formation. To this purpose, salivary gland

stones, collected from patient samples negative for acute

sialadenitis, were analyzed for the presence of biofilm and

bacteria.

Materials and Methods

Patients

In the present study, 15 salivary gland stones were selected

from 12 patients: all had at least 1 salivary colic episode; 2

of these (3 salivary gland stones) presented with repeated

episodes of salivary colic during the 6-month period before

diagnosis. Calculi ranged from 2 to 8 mm in size. The

samples were collected at the Sapienza University of

Rome, Department of Sensory Organs, ENT Clinic, and

the Department of Surgical Biotechnologies and Science ,

ENT Section, and sectioned into 2 parts in a sterile environ-

ment. The samples were analyzed for the presence of bacterial

biofilm matrix and bacteria via traditional optic microscopy

and scanning electron microscopy (SEM). Furthermore, at the

Department of Public Health and Infectious Diseases,

Microbiology Section, quantitative real-time PCR (qPCR)

assays were carried out. This case series study was approved

by the institutional review board of the Policlinico Umberto I

Hospital of Rome prior to conducting the study.

Microscopy

The stones underwent decalcification via EDTA disodium

in an acid buffer (Osteodec Bio-Optica, Milano, Italy) for

48 hours. Later, the stones were sectioned into 2 parts and

prepared as follows.

Optic microscopy. One half of each stone was first rinsed in dis-

tilled water, processed, and embedded in paraffin. For each

salivary gland stone, 2-mm-thick serial sections were obtained

with a rotary microtome (Leica, Wetzlar, Germany). The sec-

tions were then mounted onto positively charged glass slides

(SuperFrost, London, UK). Each specimen was stained with

hematoxylin and eosin as well as special staining, such as

Gram, Giemsa, PAS (periodic acid–Schiff), and alcian-PAS.

Scanning electron microscopy. The other halves of the stones

were fixed on an aluminum stub by a silver conductive

paste (Silver Paint; TAAB, Berkshire, UK), which helps the

stone adhere to the stub and conduct incident electrons

during SEM observation. The samples were then placed in

the K550 Sputter Coater and metalized at a 10-mA current

for 3 minutes. The stones were then ready for SEM evalua-

tion (Hitachi S-4000) with digital image acquisition soft-

ware for every SEM image (DISS 5).

DNA extraction from salivary gland stone sections. Total DNA

was extracted from 5- to 6-m sections obtained from the

paraffin-fixed stone halves. Total DNA was extracted with the

dedicated DNeasy Tissue Kit (Qiagen, Hilden, Germany) fol-

lowing the manufacturer’s instructions for DNA extraction

from formalin-fixed, paraffin-embedded (FFPE) tissues.

Starting material included ten 4-mm-thick microtomed slices

(approximately 50-80 mg of tissue). To obtain maximum yield

of both Gram-positive and Gram-negative bacteria, a special

step in DNA purification protocol was added. Briefly, 180 mL

of ATL buffer was added to samples, followed by 180-mL

volume of enzymatic lysis buffer (20mM TrisHCl, pH 8.0,

2mM sodium EDTA, 1.2% Triton X-100, lysozyme to 20 mg/

mL), and incubated for 30 minutes at 37�C; 25 mL of protei-

nase K solution and 200 mL of buffer AL were then added,

followed by a 30-minute incubation step at 56�C. DNA con-

centration was determined with Eppendorf Biophotometer at

260 nm and integrity checked through 1% agarose gel electro-

phoresis containing EtBr, 0.5 mg/mL.

qPCR assays and conditions. qPCR was employed. Primers

were commercially synthesized by Biofab Research (Rome,

Italy) based on the following sequences: total bacteria, F 5#-

ACTCCTACGGGAGGCAGCAGT-3#; total bacteria, R 5#-

ATTACCGCGGCTGCTGGC-3#. qPCR amplifications were

carried out in a volume of 25 mL with 10mM Tris-HCl (pH

8.8), 2mM MgCl2, 100mM each dNTP, 0.5mM each

primer, 0.6 U of SensiMix SYBR Hi-ROX Kit (Bioline,

London, UK), and 5 mL of template (corresponding to

approximately 200 ng of DNA). Negative and positive

controls were also employed. A standard curve was gener-

ated by means of 10-fold serial dilutions of a starting

amount of PCR-amplified DNA (200 ng). Running condi-

tions were 95�C for 10 minutes, 40 cycles at 95�C for 20 sec-

onds, 60�C for 20 seconds, 72�C for 27 seconds, and a final

dissociation stage implemented automatically by the thermo-

cycler 7300 Real-Time PCR System (Applied Biosystems,

Foster City, California).

Results

Optical Microscope Observation

Optical microscope observation of histologic sections

showed formations that, due to their size, shape, and

Gram and Giemsa staining, seemed to be Gram-positive
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bacterial cells (Figure 1b, 1c). PAS staining, in which

the most apparent components are those of the carbohy-

drate glycocalyx, and PAS-positive staining matrix

around the bacteria were observed, this matrix being even

more evident after alcian-PAS staining (Figure 1d, 1e),

which defines the core and outer layers of the stone. We

observed an amorphous stain substance around the sup-

posed Gram-positive bacterial forms. On the edges of the

stone, precipitates of calcareous concretions were depos-

ited in layers with a lamellar-like pattern (Fig. 1d, 1e).

This is consistent with the optical microscope appearance

of biofilm.

SEM Observation

The ultrastructural observation of the material processed for

SEM showed the presence of forms that resembled bacterial

cells in the middle of the stones, surrounded by soft amor-

phous material with a lamellar-like aspect, mixed with

deposits of inorganic precipitates (Figure 2 insert). The

bacterial forms appeared as isolated bacterial cells and bac-

teria aggregates in colonies, improving the results obtained

by Gram-staining optic microscopy.

qPCR assay

Bacterial universal primers were used to amplify a 172–base

pair region of the bacterial 16S rDNA, and the total DNA

extracted from the FFPE tissue sample (approximately 50-

80 mg) was used as a template. qPCR results showed the

presence of approximately 1.03 pg of amplified bacterial

DNA in the FFPE tissue sample. Taking into consideration

that a single prototype bacterial genome weighs on average

3.254 fg and that the average number of 16S rDNA operons

is 7, 1.03 pg of amplified DNA corresponded to approxi-

mately 7 3 105 bacterial cells per approximately 50 to 80

mg of tissue. Although our results are not comparable with

a recent study highlighting that in 600 mL of saliva there

were approximately 70,000 bacteria, it can be argued that

there is a 10:1 bacterial density ratio in calculi.15

Discussion

In previous electron microscopy10 and DNA PCR studies,

analysis of salivary glands11 demonstrated that bacteria

were occasionally present in salivary gland stones. Some

authors also demonstrated the presence of an organic matrix

in the stones, composed of carbohydrates and amino acids,

interpreted as mucous plug precipitation in the oversatura-

tion solution.2,9-11

The aim of the present study was to evaluate the pres-

ence of bacteria and/or bacterial biofilm in stones of sali-

vary gland ducts. Traditional optic microscopy from gland

stone samples revealed images resembling Gram-positive

bacterial cells. SEM observations showed the same results.

qPCR performed on the middle slices of stones confirmed

the presence of bacterial DNA.

Both optic and SEM microscopy showed that the

bacterial-like forms and the organic material surrounding

them were situated in the middle of the stone, indicating the

presence of aggregation nuclei of inorganic material

(Figure 1d). These nuclei were sometimes enclosed in

Figure 1. (a) Hematoxylin and eosin. Small stone with a central
multilacunar area where bacteria have been found surrounded by
amorphous material (103 magnification). (b, c) Low-power (403)
magnification. Positivity for special stains Gram and PAS (periodic
acid–Schiff). Small stone with central multilacunar areas where an
amorphous material (*) deposit resembling bacteria in shape is
present (arrow). (d) Low-power (403) magnification. (e) High-
power (703) magnification. Staining by Giemsa and alcian-PAS of
the amorphous material (*). The tissue appears to be organized in
lamellar layers.

Figure 2. Scanning electron microscopy, 10003 magnification.
Core of the stone where bacterial-like bodies surrounded by amor-
phous material are detected (*). Insert: 60003, high power.
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outer concentric inorganic layers (Figure 1e). Brady et al

also showed the presence of bacteria in the core of the sali-

vary stones.10 Finally, alcian-PAS positivity observed in the

organic material (Figure 3) highlights the glycoprotein

nature of the matrix, in which the presence of bacterial-like

cells is also possible. The organic substance surrounds bac-

teria and is in turn surrounded by inorganic substance with-

out mixing, which is what characterizes the classic theory.

In conclusion, our results suggest that the presence of

bacteria in the salivary stones, surrounded by organic matrix

having a glycoprotein component, indicates a biofilm orga-

nization. The biofilm organization is supported by SEM

images presenting a geometric distribution of bacteria

within the organic matrix, which is typical of the same kind

of biofilm structure.16 The biofilm polysaccharide matrix is

negatively charged and is capable of attracting bivalent

cations available in aqueous solutions, such as saliva. The

bivalent recruited cations, such as calcium, magnesium, and

iron, are subsequently used for the formation of a chemical

bridge among the polymeric chains that will form the

matrix that protects the microorganisms.17,18 Carbonates and

phosphates may be present among the exchanged anions,

forming crystal nuclei of the corresponding calcium salts,

which will trigger mineralization/concretion from which

lithiasis originates.19-21

Considering the topography of colonization, principally

in the middle area of the stones, it may be hypothesized, as

already reported by Marchal et al, that bacteria and microbe

biofilm may play a role in lithiasic formation, contrary to

when it is recovered from the outer layers of the stones,

where it may be a consequence of the lithiasic formation.3

Our thesis highlights the similarity of calculus formation

among salivary glands, gallbladder, and kidneys. The forma-

tion of gallstones may be caused by an infectious process that

can evolve in both types of stones: cholesterol gallstones or

brown pigment stones. Although the exact contribution of bac-

teria to lithogenesis is not completely understood, the clinician

should be aware that most gallstones are colonized by a

bacterial biofilm, even when bile cultures are negative.13

Biofilm also plays an important role in kidney stone pathogen-

esis. Unexpectedly, urinary sepsis was not a constant finding

in these patients during clinical follow-up.14 Positive urine cul-

tures were found in only 20% of struvite formation cases;

however, in these cases, biofilm was found in as much as 50%

of the calculi formations. This ‘‘anomalous’’ culture negativity

may be explained by a low microbe load or by the absence of

planktonic bacteria colonizing struvite formation in a ‘‘biofilm

lifestyle.’’22,23

Further studies are necessary to improve our results and

to better understand the bacterial role in the lithiasic pro-

cess, yet our findings strongly suggest the presence of

microbes organized in a biofilm pattern, especially in the

middle of salivary stones where it may be the consequence

of an infective process or a simple bacteria colonization of

the salivary duct. Both may act as nuclei-organizing and

lithiasis-inducing events.

Conclusions

To explain the etiopathogenesis of sialolithiasis, the most

commonly accepted hypotheses are ‘‘the classic theory’’ (ie,

the calcium microconcretions with an intracellular origin)

and ‘‘the retrograde theory.’’ We have shown the presence

of bacterial DNA and a structure resembling bacterial bio-

film in salivary gland stones, which, depending on the bio-

film’s location, may be considered the cause and/or

consequence of lithiasis in both cases. Our findings mainly

refer to the middle of the stone, stressing the causative role

of the bacteria (eg, crystallization nuclei) in the lithiasis pro-

cess. Further research is necessary to confirm our results

and to answer the question, is bacterial biofilm in salivary

gland stones the cause or the consequence?

However, this study opens a new horizon for future

investigations, aimed to confirm the retrograde theory and

to better clarify the role of bacteria in the formation and/or

pathogenesis of salivary gland stones.
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