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Abstract

Bacterial and epithelial cell samples were obtained, within 24 h of onset of pharyngeal symptoms, from the palatine
tonsils of nine patients (four female and five male; age range 10–40 years, median age 23) with acute tonsillitis,
culture-positive for Streptococcus pyogenes. The specimens were examined using fluorescein isothiocyanate- (FITC)
and gold-labelled antiserum to S. pyogenes and fluorescence, scanning electron and transmission electron microscopy.
S. pyogenes could be identified both in the mucous layer covering the tonsils and attached to the surface epithelial
cells. Long chains of coccus-shaped bacteria could be seen encroaching on the epithelial cell borders. S. pyogenes can
apparently penetrate the mucous barrier, attach to the epithelial cells, spread from cell to cell and possibly penetrate
into the outermost layer of the epithelial cells. These events in turn provoke cytokine production and/or complement
activation, which induce inflammatory reaction in the tonsillar tissue. © 1998 Elsevier Science Ireland Ltd. All rights
reserved.
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1. Introduction

It is well established that both viral and bacte-
rial microorganisms can cause acute tonsillitis

(AT). Viruses such as Epstein-Barr-, adeno- (types
3, 4, 7, 14, 21), influenza-, parainfluenza-, cox-
sackie A-, herpes simplex- (types 1 and 2), rhino-
and coronaviruses have been reported. The most
common bacterial pathogens in this context are
Streptococcus pyogenes, Neisseria gonorrhoideae,
Corynebacterium diphtheriae and Borrelia Vincenti
[1]. S. pyogenes, a Group A b-haemolytic strepto-
coccus (GABHS), is said to cause roughly 20–
40% of all AT cases [2,3].
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Microorganisms entering the oral and/or nasal
cavities can be trapped and neutralized by the
mucous blanket and removed by the clearance
system. But some microorganisms, among them
S. pyogenes, can even penetrate the mucous film
and attach to the epithelial lining [4,5]. The
biomolecular stages in the interaction between the
microorganisms and host at the level of the mu-
cosal membranes are far from being completely
understood.

The purpose of the present study was to eluci-
date more closely the bacterial/cellular events on
the tonsillar surfaces during the early stage of an
AT infection caused by S. pyogenes. To be able to
do this it is absolutely necessary to localize the
pathogens on the tonsillar surfaces. In this study
we used fluorescence (FM), scanning electron
(SEM) and transmission electron microscopy
(TEM) for the immunfluorescence and immuno-
cytochemical assays.

2. Material and methods

The clinical material comprised nine patients
(four female, five male; age range 10–40, median
age 23 years) suffering from classical AT symp-
toms including dysphagia, elevated body tempera-
ture, and general feeling of being unwell. Their
palatine tonsils showed signs of acute inflamma-
tion: an inflamed surface, pus plugs in the tonsil-
lar crypts and a yellowish exsudate partly
covering the tonsillar surfaces. A rapid identifica-
tion test for S. pyogenes in swabbed material
obtained from the palatine tonsils proved positive
(Streptest, Pharmacia, Sweden) and subsequent
aerobic culturing on blood-agar and chocolate-
agar plates (incubation in an atmosphere of 5%
CO2 for 24–48 h at 37°C) could confirm the
initial bacteriological diagnosis. Swabbed material
was obtained from both tonsils by rotating a
cotton wool tipped swab on the tonsillar surfaces
within 24 h of onset of the pharyngeal symptoms.
No antibiotics had been administered prior to
sampling. All material was loosened from the
swab by rinsing it in 8 ml physiological saline.
The samples were homogenized by extruding the
cell suspension twice through a 20 G needle in

order to disrupt clumps. The cell suspension was
then pressed through a filter (pore size 5 mm;
Sartorius, Ministart, NML), which allowed
unattached bacteria to pass but trapped epithelial
cells with and without attached bacteria. Both cell
fractions were used in the subsequent analysis.
The cell mixtures were given a light centrifugation
for 10 min at 1500 rpm to harvest the cells at the
bottom of the tubes. The supernatants were care-
fully discharged using a Pasteur pipette. There-
after, the precipitates were adjusted to 0.5 ml with
physiological saline. The samples were then
treated as follows:

2.1. Identification of S. pyogenes using
FITC-labelled antiserum (Immunofluorescence
assay)

One drop of the cell suspension was placed on
a clean glass slide and allowed to dry. One drop
of fluorescein isothiocyanate (FITC)-labelled rab-
bit anti-human S. pyogenes serum was added (FA
Streptococcus Group A FITC-conjugated reagent
for direct serogrouping of Streptococcus Group
A, order number 2318-56-6*, Difco Labs, Detroit,
Michigan). The antiserum was diluted to 1:50 in
phosphate-buffered saline. As negative controls,
we used b-haemolytic streptococci Groups B, C,
F and G from our laboratory and Streptococcus
sanguis I, S. sanguis II and S. mitis biovar I SK
142 kindly provided by Dr M. Kilian, Aarhus,
Denmark. The specimens were evaluated in a
Leitz fluorescence microscope.

2.2. Scanning electron microscopic studies (SEM)

Coverglasses (10 mm in diameter) were washed
in acetic acid and subsequently in alcohol. Poly-L-
lysine (Sigma, St Louis, MO) was dissolved in
water (0.1%), applied to one side of the glass and
dried overnight. A drop of cell suspension was
placed on the coverglass, dried in air, and placed
in increasing concentrations of alcohol before be-
ing critical point dried using CO2. The cover-
glasses were mounted on aluminium stubs,
covered with a 200 nm layer of gold and observed
in a JEOL 5300 scanning electron microscope.
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2.3. Transmission electron microscopic studies
(TEM) with gold-labelled antiserum to S. pyoge-
nes (Immunohistochemical assay)

To 0.5 ml cellular mixture was added 0.5 ml
4% glutaraldehyde buffered in 0.2 M phosphate
fixative. After fixation, the mixture was centrifu-
gated at 16000 rpm for 1–2 min. The superna-
tant was pipetted away and the cells diluted in
100 ml 10% gelatin. The sample was given a brief
centrifugation (15 s) and kept on ice for 1 h. The
cell pellet was excised, immersed in 2.3 M su-
crose containing 20% poly(vinyl)pyrrolidine
(PVP-sucrose) for 1 h, placed on frozen alu-
minium specimen pins by immersion in liquid
nitrogen and sectioned using a Reichert Ultracut
S ultramicrotome with an FCS cryochamber (Le-
ica, Deerfield, IL). Thin sections (approximately
30–60 nm) were cut with glass or diamond
knives, retrieved from the knife surface with a
drop of methyl cellulose mixed with sucrose. The
specimens were then mounted on carbon-coated
grids, which were placed in 1% fish skin gelatin
(FSG) for 15 min. After two washes in PBS, the
grids were placed in 0.12% glycine for 5 min.
After further washing in PBS (twice) the grids
were placed in rabbit antiserum (diluted in FSG
1:50) to S. pyogenes (Difco Labs, Detroit, MI)
for 30 min. After renewed washing in PBS (five
times) the grids were placed in protein A-gold
diluted in 1% FSG for 20 min (gold particle 10
nm). After a final wash in PBS (five times), the
grids were contrasted with methylcellulose/3%
uranylacetate (9:1) for 10 min and then examined
in a JEOL 1010 transmission electron microscope
at 80 kV (method described in detail elsewhere,
[6,7]).

As negative controls, we used similarly pro-
cessed samples obtained from three healthy indi-
viduals, culture-negative for S. pyogenes but with
massive growth of Group K a-haemolytic strep-
tococci (S. sali6arius) and from two individuals
with growth of Group C b-haemolytic strepto-
cocci (S. equisimilis). In addition, plain cultures
of Neisseria sicca, S. mitis and S. sali6arius from
our own laboratory were used.

3. Results

3.1. Fluorescence microscopic studies

In all samples obtained from the AT patients,
coccus-shaped bacteria, expressing positive
affinity to FITC-labelled antiserum to S. pyoge-
nes, were identified. Usually the bacteria ap-
peared in pairs or short chains. In samples
containing epithelial cells, the bacteria showing
positive affinity for FITC-labelled antiserum
formed chains consisting of five to eight cocci.
The bacteria stained yellow, whereas the epithe-
lial cells stained red (Fig. 1).

3.2. SEM studies

Epithelial cells with attached bacteria were reg-
ularly found. The bacteria usually formed
colonies consisting mainly of cocci. In addition,
the colonies harboured variously sized rods,
which were intermingled in the colonies. Long
coccal chains of up to 80–100 cocci/diplococci
were regularly found. These cocci did not ‘re-
spect’ the epithelial cell borders but could en-
croach upon seven to 10 different epithelial cells.
The ends of such coccal chains regularly disap-
peared into bacterial colonies formed by vari-
ously sized cocci and rods (Fig. 2A, B).

Fig. 1. Chain of coccus-shaped bacteria (arrows) displaying
positive reactivity to FITC-labelled antiserum to S. pyogenes
×3500.
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Fig. 2. SEM pictures of tonsillar surface epithelial cells
showing a long bacterial chain formed by cocci (A) en-
croaching on several epithelial cells and (B) ending up in a
bacterial colony of variously sized cocci and rods. Bar 5
mm.

4. Discussion

Most studies concerning the bacteriology of AT
infections caused by S. pyogenes have been based
on standard bacterial culturing and/or rapid de-
tection of bacterial antigens by use of precipita-
tion reactions. By using refined methods, and
taking advantage of immunofluorescence and im-
munocytochemical techniques, there are better
prospects of elucidating the intial stages of AT
etiopathogenesis. Recently, we showed that S.
pyogenes microorganisms have a definite affinity
for the epithelium covering lymphatic tissue [8].
Moreover, we showed that S. pyogenes colonies
were remarkably increased in number in relation
to other aerobic colonies on the tonsillar surfaces
during an AT infection. It seems likely that the
increase in S. pyogenes bacteria during infection
was mainly due to the attachment of the bacteria

Fig. 3. TEM pictures of coccus-shaped bacteria exhibiting
(A) positive (S. pyogenes) and (B) negative (Neisseria sicca)
reactivity to gold-labelled antiserum to S. pyogenes. Bar 200
nm.

3.3. TEM studies

In all samples, coccus-shaped bacteria with
affinity for immunogold-labelled antiserum to S.
pyogenes could be identified both in samples with
plain bacteria and in samples containing epithelial
cells with attached bacteria (Fig. 3A). As positive
bacteria, we chose those bacteria coated with
more than seven gold particles. Each gold particle
measured to 10 nm. In the bacterial mixture,
positively labelled bacteria were intermingled with
variously sized cocci and rods without gold-la-
belling. Many bacteria attached to the epithelial
cells proved positive by immunogold-labelling.
These bacteria were frequently diplococci, or
formed short chains. Close contact was noted
between the fimbriae of the bacteria and projec-
tions on the epithelial cell surface. No bacteria
with positive affinity to gold-labelled antiserum to
S. pyogenes were detected among the controls
(Fig. 3B).
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to the surface epithelium, as has been suggested
recently [4,8,9]. Attachment of pathogenic bacte-
ria to tonsillar epithelium could only be recog-
nized during an on-going AT infection, but not
among healthy carriers of S. pyogenes [8]. The
first essential stage in the etiopathogenesis of AT
must therefore be the penetration of the mucous
film covering the palatine tonsils. Both a- and
b-haemolytic streptococci possess the ability to
penetrate mucous effusion material [10].

The next important stage in the etiopathogene-
sis of AT is the subsequent attachment of the
pathogenic microorganisms to the epithelial cells.
In this context, the M-protein forming an essen-
tial part of the fimbriae covering the surface of S.
pyogenes bacteria plays a crucial role [11,12]. M
protein is the most abundant protein on the sur-
face of virulent streptococci. Lipoteichoic acid
complexed with this bacterial cell surface protein
is suggested to act as the adhesive molecule, with
the counterpart being fibronectin on the epithelial
cell [13].

When attached to the epithelial cells, the bacte-
ria can form colonies on the epithelial cell surface,
but they also have the ability to penetrate into the
cell, as has been shown in both in vitro and in
vivo studies [14–16]. It is self-evident that antibi-
otics, with property to penetrate into the cells are
advantageous in the treatment of these types of
diseases [17]. A rapid desquamation of such in-
fected cells must be regarded as being of the
utmost importance in host defence. Any factor
hindering desquamation of these infected cells will
increase the susceptibility to S. pyogenes infection.
In our study we recognized only a few intracellu-
lar pathogens. Thus our findings were in accord
with a previous report [18] which showed that
bacteria do not to any great degree penetrate the
tonsillar epithelium during acute pharyngo-
tonsillitis.

Local spreading of S. pyogenes infection on the
tonsillar surface is ultimately an important stage
in the etiopathogenesis of AT. An important way
of spreading appeared from the present SEM
study. These bacteria divide in one plane and
therefore often form diplococci and chains. We
noted that long chains of coccus-formed bacteria
encroached on several epithelial cells (Fig. 2A).

Under healthy conditions, bacterial colonies on
tonsillar surfaces appeared to ‘respect’ the cell
borders [19], whereas during an AT infection this
did not seem to be the rule. That the pathogenic
S. pyogenes bacteria under healthy conditions are
kept in check by non-pathogenic a-streptococci
might well be the case, as was recently suggested
[20]. The SEM studies in this paper showed that
the coccal chains ended up in a bacterial colony
consisting of variously sized bacteria (Fig. 2B).

Immunoglobulin production by the tonsillar tis-
sues definitely plays an important role in the
combat of bacterial infections [21]. Whether the
induction of an AT infection caused by S. pyoge-
nes is due to local suppression of the acquired
immune system, or to an inadequate innate im-
mune system of the palatine tonsils (phagocytosis,
lysozyme, complement activation, bacterial op-
sonization) requires further investigation. The
present study did show, however, that attachment
of S. pyogenes microorganisms to the surface
epithelium of the palatine tonsils can definitely
provoke an inflammatory reaction of the underly-
ing tissues, apparently via cytokine release and/or
complement activation [22].
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[10] K. Ruhani, S. Räisänen, G.S. Simonsen, L.-E. Stenfors,
Bacterial behaviour in middle ear effusion material, Acta
Otolaryngol. (Stockh) 116 (1996) 64–68.

[11] V.A. Fischetti, Streptococcal M protein: molecular design
and biological behaviour, Clin. Microbiol. Rev. 2 (1989)
285–314.

[12] J.R. Wang, M.W. Stinson, M protein mediates strepto-
coccal adhesion to Hep-2 cells, Infect. Immun. 62 (1994)
442–448.

[13] E.H. Beachey, W.A. Simpson, The adherence of group A
streptococci to oropharyngeal cells: the lipoteichoic acid
adhesin and fibronectin receptor, Infection 10 (2) (1982)
107–111.

[14] C.E. Rubens, S. Smith, M. Hube, E.Y. Chi, G. van Belle,
Respiratory epithelial cell invasion by group B strepto-
cocci, Infect. Immun. 60 (1992) 5157–5163.

[15] D. LaPenta, C. Rubens, E. Chi, P.P. Cleary, Group A
streptococci invade human respiratory epithelial cells,
Proc. Natl. Acad. Sci. USA 91 (1994) 12115–12119.

[16] A. O8 sterlund, L. Engstrand, Intracellular penetration and
survival of Streptococcus pyogenes in respiratory epithelial
cells in vivo, Acta Otolaryngol. (Stockh) 115 (1995) 685–
688.

[17] P.M. Tulkiens, Intracellular distribution and activity of
antibiotics, Eur. J. Clin. Microbiol. Infect. Dis. 10 (1991)
100–106.

[18] A. Ebenfelt, C. Lundberg, Bacterial invasion of the tonsil-
lar tissues in acute pharyngotonsillitis and in the adenoid:
a preliminary study, Clin. Otolaryngol. 19 (4) (1994)
310–313.
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