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The effect of chlorhexidine mouthwash on bacterial microcolonies
in recurrent tonsillitis
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Background: Chlorhexidine mouthwash is used to promote oral health and treat periodontal disease. This
study aimed to determine the effects of 0.2% chlorhexidine mouthwash on the bacterial microcolonies in the
crypts of palatine tonsils in children with recurrent tonsillitis (RT).

Methods: The palatine tonsils were removed by extracapsular dissection from 21 participants with RT,
age range two to ten years. The participants tonsils were assigned alternately to the treatment group (0.2%
chlorhexidine mouthwash) or control group (0.9% sodium chloride). The left tonsils of eleven participants
were submerged in 0.2% chlorhexidine mouthwash and gently oscillated for 30 seconds in a sterile pot.
The left tonsils of the ten participants in the control group were subjected to the same process, but in
0.9% sodium chloride. Following exposure, the left tonsil (exposed) and right tonsil (unexposed) from each
participant were fixed and evaluated for bacteria by Gram-staining and presence of connective tissue by
safranin staining.

Results: There were significantly fewer bacterial microcolonies observed in the tonsils that were exposed
to chlorhexidine mouthwash when compared to the 0.9% sodium chloride group (P<0.05). There were also
fewer bacterial microcolonies present in tonsils exposed to chlorhexidine mouthwash when compared to
unexposed tonsils (P<0.05). There was no difference in the number of microcolonies in the unexposed tonsils
from participants in the chlorhexidine group when compared with the saline group (P=0.68).

Conclusions: Chlorhexidine mouthwash appears to be effective in significantly reducing the number of

bacterial microcolonies that exist in the crypts of these participants with RT.
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Introduction adjunct to mechanical oral hygiene procedures to reduce

plaque levels and improve gingival health (1). There is

Chlorhexidine is a broad-spectrum antiseptic that targets high-quality evidence that chlorhexidine mouthwash results

microbial biofilms. Mouthwashes containing the active
ingredient chlorhexidine digluconate were introduced in
the 1970’ and have been extensively marketed since (1-3).

Chlorhexidine mouthwash is most commonly used as an
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in a reduction in dental plaque and has a mild effect in the
reduction of gingivitis (1,4).

Chlorhexidine is effective against both Gram-positive and
Gram-negative bacteria as well as some viruses and fungi (2).
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It is cationic and works by forming a strong bond with
anionic sites of the cell wall and membrane of pathogens
(2,5). This bonding event affects the metabolic capability
and osmoregulatory of the pathogen’s cell membrane and
enzymes contained within (2,6). If the pathogen is exposed
to a high concentration of chlorhexidine, it will result in
a loss of structural membrane integrity and subsequent
leakage of cellular material (2).

Recurrent acute tonsillitis (RT) is associated with (7)
multiple pathogenic bacteria, including Streptococcus
sp, Haemophilus influenzae, Staphylococcus aureus, and
Actinomyces (7). RT is one of the most common diseases
affecting children worldwide (8). Treatment of RT usually
includes multiple courses of oral antibiotics and surgical
removal (tonsillectomy) is often required to alleviate
recurrent symptoms (8). It is likely that the extensive
crypt system that exists in the palatine tonsils harbor
pathogenic bacterial microcolonies that result in disease (9).
Chlorhexidine mouthwash is reported to have immediate
antibacterial effects so potent that it takes the oral bacterial
population more than three hours to return to baseline
bacterial vitality levels following a single mouthwash (2).
We hypothesized that chlorhexidine mouthwash may be an
alternative to oral antibiotics in eradicating the pathogenic
bacteria that cause RT. This study aimed to determine
the effects of chlorhexidine mouthwash on the bacterial
microcolonies of ex-vivo palatine tonsils from children with
RT. A second group of RT patients whose left tonsils were
exposed to 0.9% sodium chloride (normal saline) after
surgery were included to control for the potential effect of
mechanical washing on the microcolonies.

Methods
Participant information

Twenty-one participants undergoing tonsillectomy were
recruited for this study. Participants were under the age of
16 years and had taken no antibiotics for at least eight weeks
before surgery. All of the participants were having surgery
for the indication of RT as per the Paradise criteria (10).
"This criterion has defined clinically significant RT (requiring
tonsillectomy) as seven episodes in one year, five events per
year for two years, or three or more episodes per year for
three years (10,11).

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). Ethics approval
was obtained from New Zealand Health and Disability
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Ethics Committee (17/NTB/76) and all patients provided
informed consent.

The following demographic data were collected: age, sex,
BM], and ethnicity. Clinical data included the tonsil grade (12),
medical comorbidities, antibiotics prescribed in the community
and throat swab for culture before admission.

Statistical analysis

Participant demographics and clinical characteristics were
summarised using descriptive statistics. Univariate analysis
was used to assess any demographic or clinical differences
that may exist between participants from the chlorhexidine
group versus the saline group. Chi-square tests were
performed to assess categorical variables and the Student’s
t-test was performed to assess continuous variables. A two-
tailed P-value of less than 0.05 was regarded as statistically
significant. All statistical analyses were performed by IBM®
SPSS® version 24 software.

Sample collection

Tonsillectomy was performed under general anaesthetic
by a paediatric ORL surgeon. Intravenous antibiotics
were not administered at induction. Following induction,
extracapsular tonsillectomy was performed with either
bipolar diathermy or coblation diathermy (Smith &
Nephew, London, United Kingdom). Each tonsil was
removed and placed immediately into individual sterile
pots. These samples were stored on ice and taken to the
laboratory for processing within one hour of collection.

The left tonsil from each participant in the chlorhexidine
group was submerged in 0.2% chlorhexidine digluconate
mouthwash under sterile conditions. The tonsil was gently
oscillated for 30 seconds and then fixed in formalin. The
left tonsils from all participants in the saline group were
submerged in a sterile 0.9% sodium chloride solution. The
tonsil was also gently oscillated for 30 seconds and fixed
in formalin. The right tonsils from all participants in both
groups were transferred from the sterile collection pots and
fixed directly in formalin.

Histological analysis

Following relevant exposure, the right and left palatine
tonsils from all participants were fixed in formalin then
embedded in paraffin wax. Tonsils from the participant’s
left-hand side had been exposed to either chlorhexidine
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Table 1 Demographic and clinical characteristics of participants
Treatment group (n=11) Control group (n=10) P value

Gender

Female 55% 50% 0.84
Mean age (years) 6.4+1.6 (range, 2-10) 5.8+1.4 (range, 3-9) 0.57
Mean body mass index 20+1.8 (range, 16-25) 21+1.8 (range, 16-24) 0.55
Tonsil grade (Brodsky grading system) 3.0+0.4 (range, 2-4) 3.1£0.5 (range, 2-4) 0.74
Asthma 18% 10% 0.59
Eczema 27% 30% 0.89
Allergic rhinitis 27% 20% 0.70

mouthwash or saline before fixation. Tonsils from the right-
hand side were fixed immediately following tonsillectomy
and were used as controls. Each palatine tonsil was
sectioned in the coronal plane at 250 pm intervals, with
4 pm thick sections being cut at each point. This resulted
in approximately 25 sections per tonsil. A Gram stain
was performed on each coronal section of the 42 tonsils,
followed by a counterstain with safranin to identify Gram-
negative bacteria. All sections were screened at x40
magnification on a Leica DMR upright microscope looking
for the presence or absence of bacterial microcolonies
in each section. A bacterial microcolony was defined
as a colony of bacteria visible only under a low power
microscope (x40 magnification).

Results
Participant information

The demographics and clinical characteristics of the
21 participants from this study are shown in Table 1.
There were no statistically significant demographic or
clinical differences between the two groups of participants.
Medications prescribed in the year preceding surgery for
each participant in this study were obtained by accessing
community prescribing data, which are available to
clinicians nationwide in New Zealand. Mean number of
courses of antibiotics prescribed to participants in the year
before surgery was 3.8+0.8 (range, 2-5) in the chlorhexidine
group and 4.0+0.8 (range, 2-6) (P=0.72) in the saline group.
A general practitioner had performed a throat swab for
detection of Group A Streptococci (GAS) in all participants
prior to surgery. These swab results were positive for GAS
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in all participants at least once in the year before surgery.

Histological analyses

All available histological slides were reviewed for the
presence of bacterial microcolonies (Figure 1A4,B). There
were significantly fewer bacterial microcolonies observed in
the tonsils that were exposed to chlorhexidine mouthwash
when compared with the saline control group. The mean
number of microcolonies in the saline group was 67+43
(range, 3-160) versus the mean number in the chlorhexidine
group = 11+6 (range, 0-27) (P<0.05). When the right
tonsils (unexposed) from participants in the saline group
were compared with those from the chlorhexidine group,
no difference (P=0.68) was observed in the mean number
of bacterial microcolonies (saline group = 64+32 (range,
3-122), chlorhexidine group = 57+28 (range, 6-135).

The right and left tonsils from participants in the saline
group were compared with one another. No difference was
observed in the mean number of bacterial microcolonies (left
(exposed) tonsil = 68+43 (range, 3-164), right (unexposed)
tonsil = 64+32 (range, 3-122) (P=0.89). Finally, the right
and left tonsils from participants in the chlorhexidine group
were compared with one another. A significant difference
was observed in the mean number of bacterial microcolonies
(left (exposed) tonsil = 11£6 (range, 0-27), right (unexposed)
tonsil = 5728 (range, 6-135) (P<0.05).

Discussion

Chlorhexidine mouthwash appears to be effective in
significantly reducing the number of bacterial microcolonies
that exist in the crypts of these participants with RT. The
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Figure 1 (A) Demonstration of a bacterial microcolony in the tonsil crypt of a participant in the saline group at 40x magnification. (B)

Demonstration of the same bacterial micro-colony in the tonsil crypt of a patient in the saline group at 60x magnification.

reduction of bacterial microcolonies in the crypts of patients
with RT is essential, as these likely result in the exudative
nature of tonsils in disease (13-16), leading to symptoms
including halitosis, odynophagia and fever (9).

It is possible that these bacterial microcolonies seen in
the tonsils of patients with RT represent the initial step in
the formation of tonsilloliths. Several studies have analyzed
the composition of clinically evident tonsilloliths (17-24).
One group who investigated a tonsillolith with Gram stain
found on the surface of the tonsillolith Gram-positive cocci
and Gram-positive bacilli. Gram-negative bacilli were
observed deep inside the tonsillolith (18). This is consistent
with our observations of bacterial micro-colonies (7).
Another group which analyzed tonsilloliths microscopically
demonstrated a mass of Gram-positive, Gomori
methenamine silver positive, periodic-acid Schiff positive,
and non-acid fast branched filamentous bacteria (19).
If bacterial microcolonies represent early tonsilloliths, then
eradication with chlorhexidine mouthwash may prevent
tonsillolith formation.

Although the mechanism of action is not entirely clear,
the fact that chlorhexidine mouthwash significantly reduces
the number of bacterial microcolonies is a potentially
clinically significant finding. Oral antibiotics may also be
useful in the reduction of the bacterial burden in tonsillitis
(25-28). However, unlike chlorhexidine mouthwash, oral
antibiotics have many side effects and may detrimentally
alter the gut microbiome for a significant period (29,30).
Multiple courses of antibiotics may lead to increasing
bacterial resistance (31,32). Chlorhexidine mouthwash is
a topical treatment that is not swallowed and therefore
has only a limited effect on the body's microbiome. It is
inexpensive and does not require a prescription.

It should be noted that rinsing with chlorhexidine
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mouthwash for longer than four weeks can cause adverse
effects including calculus formation, extrinsic tooth
staining and transient taste disturbance (1). Therefore,
the use of chlorhexidine mouthwash should only be
recommended when a patient has symptoms of RT or
as a preventative measure to be used for one week in
every six weeks. A major limitation is that chlorhexidine
mouthwash can only be used in patients old enough to
gargle mouthwash for at least 30 seconds.

There are several limitations to this study. The cohort
of patients is small, and although the findings of this
study demonstrate significant differences between groups,
the small number of patients must be considered when
interpreting these data. The effect of chlorhexidine was
determined in vitro after the tonsils had been removed and
effects may not be the same iz vivo.

Conclusions

Chlorhexidine mouthwash reduces foci of pathogenic
bacteria in the crypts of tonsils that have been found to
contribute to the chronicity and recurrence of disease
in RT (13,14,16). This effect was achieved with a single
in vitro exposure. This same effect was not seen in tonsils
that were exposed to normal saline. Further studies are
required to determine the method of action, duration
of response and effect on patient symptoms in vivo.
Chlorhexidine mouthwash may offer a non-invasive, topical
alternative to treatment in patients with RT.
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