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ARTICLE INFO ABSTRACT

Keywords: The bacterial cell wall mainly consists of glycoproteins and polysaccharides, which could be detected in dental
Bacterial polysaccharides tissue with specific stain protocols. The present study aimed to investigate bacteria stainability in dental his-
Dentin ) tological samples of human teeth by a histochemical method. Eight extracted teeth, because severely decayed,
l(jzlgsc(s)fa?ntems were decalcified, dehydrated, paraffin-embedded, and serially sectioned at 4 um thickness each. The serial

sections were then stained with Periodic acid-Schiff (PAS). Furthermore, SEM analysis was performed on the
same slide of one previously histologically investigated tooth to acquire more details on the structures stained by
the PAS method obtained from the histological procedures. Afterward, some American Type Culture Collection
(ATCC) strains, smeared on glass slides, were stained following the staining method used in histological samples.
Stained rod and cocci forms by PAS stain, observed under light microscopy, were predominantly detected inside
dentinal tubules and root canal space of histologically examined specimens, suggesting their bacterial origin.
Additional SEM analysis on the identical histological stained slide showed the precise nature of these forms
(bacteria) and supplemental information regarding their vitality status. In addition, ATCC smeared strain sam-
ples showed variable PAS stainability of microorganisms investigated. Due to its properties, the PAS histo-
chemical stain could be a valid and helpful aid for non- or weakly stainable microorganisms in infected tissues to
be associated with other methods of investigation.

Root canals

1. Introduction

The most frequently used technique to detect bacteria in paraffin-
embedded tissues is the Gram stain (Gram, 1884), introduced one
hundred forty years ago and first published a year earlier (Friedlander,
1883), modified only slightly since then (Woods and Walker, 1996). In
its original method, certain bacteria, in the presence of the crystal
violet-aniline dye and iodine, formed compounds insoluble in solvents
such as alcohol (Gram-positive). At the same time, other types failed to
retain the crystal violet-aniline in the presence of alcohol (Gram--
negative). Therefore, some authors (Brown and Brenn, 1931) modified
the original stain to simultaneously demonstrate Gram-positive and

negative bacteria in tissue sections to overcome these drawbacks.
However, the Brown-Brenn method does not regularly stain
Gram-negative bacteria because this technique is more effective for
detecting Gram-positive bacteria than Gram-negative ones, which may
be undetected (Vera et al., 2012; Savadori et al., 2022); this is probably
due to the degree of differentiation induced by the picric acid-acetone
(Luna, 1968 pp. 222-223) and by operator’s manual skills. Because
Gram-negative bacteria are tough to visualize in tissue samples due to a
lack of contrast between the bacteria and the counter stain (Gupta et al.,
2009), a modification was suggested to detect these bacteria as an
elective stain for these microorganisms (Brown and Hopps, 1973).
Recently has been demonstrated that using isopropyl alcohol and a small
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amount of acetone (Savadori et al., 2022) instead of acetone as decol-
oring agent (Brown-Hopps’s technique) because of its fast destaining
(Bartholomew, 1962) was possible to enhance Gram-negative bacteria
identification in paraffin-embedded samples. Today Gram staining
procedure and its modifications are generally recognized as a funda-
mental diagnostic tool. However, many individual details influence the
results, such as the concentration of dyes or iodine used, the procedure
used for decolorization, and the nature of the counterstain, as previously
reported (Bartholomew and Mittwer, 1952). Even though it is mainly
used in clinical and histological laboratories, Gram stains have limita-
tions. Indeed, some Gram-negative bacilli stain weakly and therefore are
challenging to visualize, while mycoplasmas and spirochetes do not
stain by those methods (Zanconati et al., 1994; Woods and Walker,
1996).

Some Gram-positive bacteria (i.e., clostridia spp.) instead, after
decolorizing step, stained as Gram-negative, revealing a gradual, pro-
gressive increase toward gram negativity as the cultures aged (Bever-
idge, 1990). Due to these disadvantages, it could be helpful to consider a
supplemental staining method such as Periodic acid-Schiff (PAS) to
visualize fungal and some bacterial morphology under bright field mi-
croscopy (Mc Manus, 1948). Initially, this method was designed as a
histochemical test to detect polysaccharides such as glycogen and mucin
in tissues. The first chemical process is the oxidation of hydroxyl groups
of cell wall polysaccharides to aldehydes; then, aldehydes combine with
the Schiff reagent, staining in purple-magenta tissue structures rich in
carbohydrates and microorganism walls. Formerly, some authors
demonstrated that Gram-positive cocci and at least one species of
Gram-negative rods were variably PAS-positive because the PAS method
stains carbohydrate components in bacterial cell walls (Khavari et al.,
1991). This result could be attributed to the fact that the peptidoglycan
forms around 40-90% of the cell wall’s dry weight of Gram-positive
bacteria but only around 10% of Gram-negative strains (Misra et al.,
2015). Based on this knowledge, the present study intended to verify
PAS stain hypothesizing its practical use as a complementary tool in
detecting bacteria in paraffin-embedded dental tissues and smear
samples.

In one of eight histologically processed samples, the same slices, first
stained positively by PAS and visualized with light microscopy, were
also observed by scanning electron microscopy (SEM) to confirm the
presence or no of bacteria inside dentinal tubules and root canal space.

2. Materials and methods
2.1. Samples preparation and staining

Eight extracted teeth from patients affected by severe caries and poor
prognosis for their restoration were preliminarily used to test the
staining capability of the PAS method on bacteria in root canal space and
smears. All patients gave verbal consent to use their extracted teeth for
scientific purposes. According to the institutional and national research
committee, this type of research (in-vitro study based on teeth extracted
because of the disease) does not require additional consent from the
committee as it is not an in-vivo medical experiment.

First, teeth were fixed in 10% buffered formalin solution (Carlo Erba
reagent, Milano, Italy), then decalcified, embedded in paraffin, and
serially sectioned according to an established and previously reported
method (Giardino et al., 2019a; Savadori et al., 2022).

Briefly, after fixation, the samples were decalcified in a solution of
50:50 of 22.5% formic acid and 10% sodium citrate for about 3-4 weeks,
then dehydrated through ethanol solution baths and infiltrated with
paraffin. Samples embedded in paraffin blocks were cut into 4 um slices
with a rotary microtome model RM2245 Leica (Leica biosystem, Nus-
sloch - Germany) and placed in SuperFrost® microscope glass slides (V.
W.R. International, Milano, Italy) to ensure a good adherence between
the sections and the glass.

Sections were then stained with Periodic acid-Schiff (PAS) according
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to the AFIP Manual of Histologic Staining Techniques (Luna, 1968, pp.
158-160). Subsequently, 0.1% Fast green FCF solution (Carlo Erba re-
agent, Milano, Italy) was used as a counterstain to improve the back-
ground contrast between PAS-positive and PAS-negative structures,
following a protocol suggested (Baum, 2008). The images were acquired
with an Olympus CX43 light microscope coupled with ad Olympus LC30
camera (sensor: color CMOS ' inch; resolution: 2048 x1532 pixels,
pixel size 3.2 x3.2 ym; camera adapter: Olympus U-TV0.5XC-3) (Evi-
dent-Olympus, Tokyo, Japan) and elaborated with CellSense software
(Evident-Olympus, Tokyo, Japan). Moreover, images taken at 1000x
magnification (Olympus 100x/1.25 Oil PlanC N UIS 2, co/-/FN22.
Eyepiece: Olympus WHB10x/20) were obtained by stacking 3 different
shots with different depth filed to have a single focused shot. This visual
elaboration was done using the plug-in z-stack of ImageJ software ((N.I.
H., Bethesda, Maryland. https://imagej.nih.gov/ij/index.html) and
allowed increasing the detail level. Finally, the images refiguring the
whole tooth section were obtained by sampling the slide at 40x
magnification (Olympus 4x/0.10 P Plan N UIS 2, co/-/FN22. Eyepiece:
Olympus WHB10x/20) and then assembled with AutoStitch software, as
seen in Fig. 1A (Brown and Lowe, 2007; http://matthewalunbrown.
com/autostitch/autostitch.html).

A further study was also performed in a slide containing PAS-stained
sections of one tooth forming part of this investigation, previously
observed under light microscopy and then visualized by scanning elec-
tron microscopy (SEM). The slide was first immersed in xylene to float
off the coverslip. Herein, the time spent detaching the coverslip from the
slide immersed in xylene was three days. Immersion of slides in xylene
usually ranges from 30 min to several days, depending on when they
were prepared and mounted (Geissinger, 1971). The specimen was
mounted on metal stubs (right side of Fig. 1), using a graphite-based
conductive tape and gold sputter coated, then observed by scanning
electron microscopy (SEM: Nova NanoSEM 450 equipped with a field
emission gun — FEG — source: FEI — ThermoFischer Scientific, Hillsboro,
OR, USA) working at 20 kV and images were obtained at different
magnifications from 103x to 16.000x.

2.2. PAS method stainability on bacterial strains

Validation of the PAS method for bacteria staining was performed on
two different American Type Culture Collection (ATCC) bacterial
strains: Enterococcus faecalis (E. faecalis ATCC 29121) and Pseudomonas
aeruginosa (P. aeruginosa ATCC 27853). Bacteria were provided from L.
T.A. S.r.1. (Bussero, Milano, Italy) and stored at — 80 °C (Savadori et al.,
2022). Before use, the strains were thawed and cultured in Brain Heart
Infusion broth (B.H.I., Difco, Kansas City, MO, U.S.A.) for 24 h at 37 °C
in aerobic conditions (Giardino et al., 2019b). Individual and mixed
strains of both microorganisms were smeared on microscope slides
following a previously described procedure (Petersen and Mclaughlin,
2016) and then stained by the PAS method. Additional glass slides were
smeared with Treponema denticola (T. denticola) strain ATCC 35405 ob-
tained by American Type Culture Collection (10801 University Boule-
vard Manassas, VA, U.S.A.). It was grown for 48-96 h at 37 °C in
anaerobic conditions and established through the broth culture’s
turbidity visualization, then smeared on glass slides and stained by the
PAS technique. This test was additionally used to verify the stainability
by the PAS method on a microorganism that is notoriously poorly or
difficult to stain with conventional staining techniques (Zhou et al.,
2015). Some authors (Woods and Walker, 1996) reported that these thin
spiral bacilli do not stain by Gram, then further samples were prepared
and stained by Gram’s method (Luna, 1968 pp. 222-223) to confirm or
not their Gram-negativity. Image acquisition was performed the same
way as for tissue sections. In addition to light microscopy, T. denticola
smears were acquired and observed by dark-field, phase-contrast, and
SEM microscopy.
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Fig. 1. To the right side of the image, a view of the slide PAS stained acquired by light microscopy at 40x; to the left side instead, a micrograph of the same
histological slide after detaching the coverslip from the slide, placed in the SEM vacuum chamber, adequately prepared for SEM analysis. The circled area to the left

indicates the slide zone investigated by light and SEM microscopy.

3. Results

Fig. 1 visualizes a panoramic image of the coronal portion of a third
mandibular molar formed by thirteen fields assembled with AutoStitch
software acquired by light microscopy at 40x; in the right part of the
figure, the same histological sample, after detaching the coverslip from
the slide and gold coated immediately before SEM analysis.

Fig. 2 shows the histological slice stained by the PAS-Fast green FCF
method (Fig. 2A). At higher magnifications (Fig. 2C, D), intense bacte-
rial colonization can be seen in the dentinal tubules and root canal
space. Rod and cocci were the dominant morphological forms detected
(Fig. 2E, F). Due to a counterstain with Fast green FCF, a green uniform
background is observed, improving the contrast between PAS-positive
and PAS-negative structures.

In Fig. 3, correlative scanning electron microscopy analysis of the
same slide view in Fig. 2 confirmed previous findings. Fig. 3A documents
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the same area processed by light microscopy in Fig. 2A at 103x, while
Fig. 3B and C represent the same area magnified at 300x and 1000x,
respectively. Fig. 3E-F gives a better-defined image resolution of bac-
teria detected containing some new information as their living status
(bacteria in the phase of division). Moreover, microorganisms appear
well-demarcated from surrounding structures such as dentinal tubules
and root canal space (3D).

Both certified smeared ATCC bacteria strains ( Gram-positive
E. faecalis and Gram-positive P. aeruginosa) using this staining protocol
and observed under bright field microscopy at 1000x magnifications,
were variably colored from weak to intense purple-magenta likely due to
different amounts of carbohydrates of their cell walls (Fig. 4A, B, C).
Bacterial suspension of T. denticola, smeared on slides, besides that be
visualized by phase-contrast and dark-field microscopy (Fig. 5A, B), was
differentiated by the Gram stain as Gram-negative (Fig. 5C) and iden-
tified as PAS-positive after using PAS stain and their turning purple-

Fig. 2. Images panel of tooth histological section stained with PAS-Fast green FCF and acquired through light microscopy. 2A 40x image of the coronal portion of the
sectioned tooth. B, C, and D represent further enlargements to 100x, 200x, and 400x. Microorganisms and biofilm can be seen on the dentin wall and within the
dentinal tubules in the two circled areas a and b of Fig. 2D. Rod and cocci were found within the dentinal tubules (2E) and the root canal space (2 F). The 2E and 2 F
images at 1000x magnification were generated by stacking multiple images with different depth fields; the morphology of the bacteria is better visible.
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Fig. 3. Image panel acquired by SEM microscopy of the same histological section stained with PAS-Fast green FCF (Fig. 1) to obtain an image correlation. 3A
micrograph shows the section previously obtained in Fig. 2A by light microscopy. SEM acquired images 3B-3F at different magnifications from 300 to 16.000x. These
magnified pictures clearly show the bacteria morphology and localization in root canal space and dentinal tubules (3D, 3E, 3F); the bottom right of Fig. 3D is an
enlarged detail of bacteria rod morphology. Furthermore, comparing the PAS - Fast green FCF sample taken with light microcopy and the same section analyzed with

SEM shows that PAS-positive substances are bacteria.

A . 10 ym B

10 ym C ; 10 pm

Fig. 4. Bacteria smears after staining by PAS method: A E. faecalis, B P. aeruginosa, C E. faecalis and P. aeruginosa mixed smear. In C, a squared detail shows more
intense colorability in the magenta of E. faecalis compared to the more faded one of P. aeruginosa. Magnification, 1000x.

magenta (Fig. 5D) similarly to the other two bacterial strains. Fig. 5A, C,
and D were acquired at 1000x magnifications instead Fig. 5B at 400x
magnifications. A magnified morphological view of T. denticola on a
smeared glass slide is shown in Fig. 6 (A, B, C). A better visualization was
possible at magnifications greater than 3000x (B, C), confirming its slim
structure challenging to identify in embedded histological tissues.

4. Discussion

Introduced since the middle of the last century to demonstrate
glycogen, glycolipids, mucopolysaccharides such as mucin, mucopro-
teins, and glycoproteins in paraffin-embedded samples (Mc Manus,
1948), the PAS stain has also been widely used to visualize fungi in
tissues (Kligman and Mescon, 1950). By a previous report (Mc Manus,
1948) using this staining method, it has been confirmed that all natu-
rally occurring biological compounds in histologic sections stained
positively from pink to purple-red with the PAS technique belong to the
carbohydrate class (Hotchkiss, 1948). The reason why this staining

method is superior to any other employed resides in the structure of
fungal cell walls, mostly made up of carbohydrates and glycoproteins
(Latgé, 2007; Ruiz-Herrera and Ortiz-Castellanos, 2019), producing
intense staining of fungi in tissues (Hotchkiss, 1948). Similarly to fungi,
glycoproteins are also present on the bacterial cell surface of both
Gram-positive and negative microorganisms such as glycoproteins,
exopolysaccharides (EPSs), capsular polysaccharides (CPSs), lipopoly-
saccharides (LPSs), lipooligosaccharides (LOSs), lipoglycans, peptido-
glycan (PG), teichoic acids (TAs), and other glycosylated secondary cell
wall polymers (Tytgat and Lebeer, 2014). Structurally, Gram-negative
bacteria are enclosed by two cell membranes separated by a thin
peptidoglycan layer and display lipopolysaccharides (LPSs) embedded
in the outer membrane (Campanero-Rhodes et al., 2020). Lipopolysac-
charide (LPS) is the major component (75%) of the outer membrane
surface of Gram-negative bacteria (Le Brun et al., 2013). Instead,
Gram-positive bacteria only have one cell membrane coated with a thick
peptidoglycan layer, usually displaying teichoic acids (TAs) or lip-
oteichoic acids (LTAs) and capsular polysaccharides anchored to the
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Fig. 5. Composite image showing T. denticola under phase contrast and dark field on unstained smears (5 A, 5B). C and D show a smear stained by Gram and PAS

under a bright field.
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Fig. 6. Scanning electron microscope micrographs of smeared T. denticola bacterial aggregate showing its spiral morphology at different magnifications (3000x,

12000x, 80000x).

membrane (Schaffer and Messner, 2001). Peptidoglycan, consisting of
sugars and amino acids, is another component of the bacterial cell wall
mainly found outside the cytoplasmic membrane of almost all bacteria
and forms 90% of the dry weight of Gram-positive bacteria but only 10%
for Gram-negative strains (Vollmer et al., 2008). Because cell walls of
both classes of bacteria are composed of polysaccharides, which, upon
oxidation, could form aldehyde groups detectable by PAS stain, this
staining method could be a valuable diagnostic tool to visualize bacteria
in paraffin-embedded and smear samples. As reported above, only one
study found PAS positivity in some Gram-positive and one negative
bacteria (Khavari et al, 1991). Lipopolysaccharide (LPS) from
Gram-negative bacteria is the major virulent factor involved in primary
endodontic infections, contrary to secondary endodontic infections

sustained mainly by lipoteichoic acid (LTA) endotoxin of Gram-positive
microorganisms (Gomes et al., 2021). Currently, sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) analysis is one of
the principal methods used to separate, identify, and characterize bac-
terial components, including LPS stained by PAS stain (Maskell, 1991;
Zhan et al., 2021). Based on electrophoresis assay and positive PAS
staining, some authors investigated and detected the presence of gly-
coproteins purple-stained in LPS gels of Gram-negative Borrelia burg-
dorferi (Sambri et al., 1992), a microorganism challenging to detect by
Gram stains (Zanconati et al., 1994). Other authors reported that PAS
staining in electrophoresed LPS samples, while showing a lower sensi-
tivity than silver staining, is simple and selective for LPS, then adequate
for the analysis (Takeshi and Akira, 1991). Thus, extracting LPS by
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DOC-PAGE, followed by visualization by PAS staining, appears to be
effective for identifying LPS in gram-negative bacteria (Takeshi and
Akira, 1991).

Moreover, PAS stain is a valuable way to distinguish between gly-
coproteins and non-glycosylated proteins separated by gel electropho-
resis; it stains carbohydrates a magenta color but does not stain proteins
(Benz and Schmidt, 2002). In addition, it is a practical control for the
presence of non-LPS components which could appear in the silver stain,
and it is free of the indiscriminate staining characteristics of that stain
(Diedrich et al., 1983). In the end, the findings of these studies indicated
that the PAS histochemical method could be a valuable aid in identifying
not routinely Gram-stained or weakly visible bacteria because they are
too small to be seen under a light microscope. Still today, PAS stain is the
most common identification method for fungi due to the high carbo-
hydrate content in these organisms’ cell walls (Shalin et al., 2020), while
it is poorly or not considered to detect bacteria in infected tissues.

Unfortunately, only one published study (Khavari et al., 1991) ap-
pears in the literature on 6.550 results (https://pubmed.ncbi.nlm.nih.
gov/?term=PAS%20stain&size=100, accessed on 31 January 2023)
concerning its use in infected paraffin-embedded tissues. This biblio-
graphic research confirmed its poor consideration concerning its usage
for bacterial detection in infected tissue samples. Presently, the identi-
fication of bacteria was investigated by a correlative study based on
histopathological examination and scanning electron microscopy anal-
ysis of the same dental sample stained by the PAS technique (root canal
space, dentinal tubules, and pulpal chamber). Thanks to this combined
methodology, it was possible to detect and confirm the presence of
bacteria and their presumable living status on the same slides, as shown
by our results. To our knowledge, this is the first study performed with a
combined methodology, using the same histological slide, firstly
PAS-stained, and subsequently examined by SEM tool on dental hard
tissues (teeth). Previously, this method has been used in tissue samples
affected by periodontal disease to better identify in detail bacteria
morphology in diseased gingiva (Saglie et al., 1985; Saglie, 1988).
However, in the investigations mentioned above, the authors, by using
Gram-stained instead of the PAS staining, as first used herein, and SEM
tool in the same histological sections of teeth extracted with a portion of
their periodontium attached, identified cocci, rods, filaments, and spi-
rochetes in the junctional epithelium, showing that this method may be
a simple, helpful and definitive method for assessing the presence and
identifying bacteria within the gingival tissues.

Furthermore, an advantage of combining light and scanning electron
microscopy (SEM) allows the study of the same sample paraffin-
embedded and stained tissue section by SEM tool. In this way, even
when the bacterial nature of material stained with Gram is considered
doubtful, it is possible confirming or not the true bacterial origin of
previously stained and examined material under a light microscope
thanks to SEM’s more significant depth of focus and its better-resolving
power (Saglie et al., 1985).

Moreover, the PAS procedure confirmed its utility on smears of
stained E. faecaslis and P. aeruginosa strain cultures while showing a
different colorability (weak to intense purple-magenta) of both investi-
gated cell walls. The higher carbohydrate content of Gram-positive cell
walls (Misra et al., 2015) explains its more intense stainability than
Gram-negative, not compromising the visualization of this class of
bacteria. E. faecalis and P. aeruginosa strains were selected in the present
study because they were most frequently isolated in root canals, causing
persistent endodontic infections and their notorious ability to form
biofilm (Savadori et al., 2022). This data was confirmed by observing
T. denticola strain, a thin spiral-shaped Gram-negative difficult to stain,
showing its Pas-positivity. It is, therefore, conceivable that the quantity
of carbohydrates present in the walls of the various Gram-negative
strains determines their greater or lesser PAS-dyeability.

Then, results obtained currently on dental tissues and smears vali-
date our hypothesis concerning the stainability of bacteria with this
method. Thanks to that observation method, a best-defined resolution of
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rod and viable cocci forms (bacteria in the division phase) in dentinal
tubules, dentinal walls, and root canal lumen were obtained. Treponema
denticola, herein investigated, is a common oral bacteria detected in root
canal systems (30.8%), causing primary and secondary endodontic in-
fections (Cavrini et al., 2008; Nobrega et al., 2013). Its bacteria cell is
similar to Gram-negative and mainly composed of lipids, glycoproteins,
and carbohydrates (Zhou et al., 2015). However, even if the Treponema
genus is classified as Gram-negative, most species stain poorly, or not at
all, with Gram or Giemsa stain because they are too thin to be visualized
when investigated by light microscopy (Zhou et al., 2015).

Instead, it may be examined in slide smears, by darkfield, and by
phase contrast under light and scanning electron microscopy or stained
with silver impregnation methods (Zhou et al., 2015), as confirmed by
our observations. In addition, some supplemental slides identified these
spiral-shaped microorganisms as Gram-negative using the Gram
method; others showed their Pas-positivity when stained by the PAS
method. A more detailed morphology was appreciated thanks to SEM
investigation.

As mentioned above, many factors and limitations can affect the
Gram stain and its modified methods, probably dependent on the cell
wall composition of both classes of Gram bacteria, dyes, and reagents as
decolorizers used (Bartholomew, 1962). In addition, a histological
procedure such as decalcification of hard tissues (bone, dentin) with
strong acids (i.e., formic acid) negatively influences bacteria stain-
ability. For example, using the Brown and Brenn method, only one out of
15 microorganisms were stained when this Gram-modified stain was
applied (Wijnbergen and Van Mullem, 1987). Furthermore, some bac-
teria cannot be or are not routinely Gram stained because they are too
thin or lack a cell wall to be visualized, as mentioned above (Woods and
Walker, 1996). Instead, PAS stain is a valuable indicator of the presence
of carbohydrates (mucin and glycogen) in Gram-positive or negative
bacteria’s tissues and bacterial cell walls (Herget et al., 2008). Based on
this evidence, in the present study, using the PAS technique for the
reasons outlined above (Herget et al., 2008), it was possible to detect
different bacteria species in smears, root canal space, and dentinal tu-
bules of teeth affected by endodontic pathology sustained by
microorganisms.

On the contrary, Gram staining, an empirical stain method obtained
by accidentally spilling a Lugol’s iodine solution on samples subse-
quently removed with alcohol (https://digitalcommons.liberty.edu/
cgi/viewcontent.cgi?article=1197&context=bio_chem_fac_pubs), is
based solely on the appearance of the stained cells and their morpho-
logical forms. Light microscopy offers a simple and inexpensive way to
detect bacteria in tissues when stainable, including dental samples.
However, advanced microscopy techniques such as scanning electron
microscopy, fluorescence in situ hybridization (FISH), and confocal laser
scanning microscopy (CLSM) supplemented with the live/dead assay
staining solution (a mixture of two fluorescent dyes that differentially
label live and dead cells) could provide better information about their
viability and structures. A possible limitation of this study is that few
insufficient samples have yet been analyzed to give a complete answer to
this topic.

A future study aimed at deepening PAS histochemical stain, con-
ducted with more advanced means of investigation such as CLSM, SEM,
or FISH, in addition to standard light microscopy, with a more signifi-
cant number of samples than that of the present study, would help to
establish the practical utility of this staining method as a diagnostic
method of investigation in clinical microbiology and histology
laboratory.

5. Conclusion

Detection of bacteria in histological samples represents a challenge
for pathologists and researchers. Gram stain, to date, is the most
frequently used technique for histological samples, but not all bacteria
stain with this method due to their too-thin thickness, the lack of cell
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walls, and sample age. In addition, histological decalcification and
decolorization processes negatively affect microbial integrity and
stainability. The PAS stain aid in the objective visual inference of bac-
teria in histopathological smears. Bacteria challenging to stain and
visualize, such as T. denticola, were identified with this technique, while
it does not distinguish Gram-positive from Gram-negative microorgan-
isms. The carbohydrate content, common to all bacterial cell walls,
serves as a target for this methodology initially devised as a histo-
chemical test to detect polysaccharides, such as glycogen, in tissues,
coloring them red-magenta. PAS staining technique has proven to be
efficient and reproducible in detecting bacteria and provides a high
selectivity due to the Periodic acid-Schiff (PAS) reaction mechanism;
moreover, it manages to stain bacteria that show issues when stained
with other staining methods.
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