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A B S T R A C T

Background: Pharyngotonsillitis (PT) is an inammatory and inectious condition aecting the tonsils in the
oropharynx, predominantly caused by a variety o viral, ungal, and bacterial pathogens, including Streptococcus
pyogenes. With the increasing challenge o antibiotic resistance, alternative therapeutic approaches are needed.
Methods: This study explores the eectiveness and saety o Photodynamic Therapy (PDT) as a therapeutic
approach or managing acute PT. PDT involves the use o a photosensitizer, light, and molecular oxygen. We
utilized a curcumin-based photosensitizer incorporated into a gum ormulation, ollowed by exposure to blue
LED irradiation (455 ± 30 nm, intensity o 200 mW or 6 min) with 1 to 2 PDT sessions depending on the clinical
case.
Results: The treatment’s impact was assessed through systematic monitoring o clinical progression post-
treatment, encompassing clinical history, examination, and ollow-up. In all three cases examined, PDT was
observed to eectively eradicate the inection and prevent its recurrence during the period evaluated.
Conclusion: Photodynamic Therapy, using a curcumin-based photosensitizer and blue LED light, appears to be a
promising alternative to traditional antibiotics or the treatment o PT, demonstrating both efcacy in inection
eradication and saety in application. Further studies are recommended to substantiate these fndings and explore
long-term outcomes.

1. Introduction

PT is an inammatory and inectious condition that involves the
tonsils located on the sides o the oropharyx [1]. It is caused by a diverse
array o viral, ungal, and bacterial pathogens, with Streptococcus pyo-
genes, holding signifcant etiological importance in such cases [2].
Oropharyngeal inections represent a signifcant public health concern,
requently occupying emergency rooms and their complications result in
hospitalizations and surgeries [3]. Recurrent pharyngotonsillitis is the
repetitive inammation o the palatine tonsils predominantly, or even

exclusively, caused by bacteria [4]. Episodes o tonsillitis are charac-
terized by ever, sore throat, odynophagia, congested tonsils with or
without exudate, and cervical lymphadenopathy [4]. Recurrent phar-
yngotonsillitis can be diagnosed clinically on an anamnestic report [5]
and can be considered when more than two distinct episodes o tonsil-
litis are encountered within a 12-month period [6]. Tonsillectomy is
recommended or patients with recurrent tonsillitis who have experi-
enced at least seven attack episodes per year in the preceding one year,
fve episodes per year in the preceding two years, or three episodes per
year in the preceding three years despite adequate antibiotic therapy
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[7].
Recurrent tonsillitis and gross tonsillar hyperplasia are diseases

caused by a variety o common upper respiratory tract pathogenic
bacterial species [8] and end up leading to the recurrent use o antibi-
otics and much eared bacterial multiresistance. Streptococcus pyogenes is
the most common bacterial origin o acute tonsillitis in immunocom-
petent adults [9].While acute tonsillitis is postulated to only have one
etiological actor, recurrent tonsillitis seems to have a multispecies eti-
ology. S. aureus seems to have a key role in patients with recurrent
tonsillitis caused by bioflm-producing strains [10].

PT is associated with the colonization o multidrug-resistant strains
and the ormation o bacterial bioflms within inamed tonsils and their
crypts, actors that contribute to the inadequacies o antibiotic treat-
ments [10]. Resistance to antibiotics has become one o the most
important public health problems throughout the world nowadays OMS
[11]. The antibiotic industry is seen as being unable to develop new
molecules that can overcome the appearance o new resistances [12]. In
Brazil, unortunately, the waiting list or surgeries such as tonsillectomy
in the public service is very long, which makes this risk o bacterial
multidrug resistance even greater. Consequently, the need to establish
alternative and eective methodologies to combat these resilient mi-
croorganisms in a novel and non-invasive manner has become impera-
tive. One such alternative is PDT [12,13].

PDT involves the oxidation omicroorganisms. This intricate process
is driven by a photochemical eect, resulting in the reduction o path-
ogenic agents, their prolieration, and invasiveness. Consequently, it
osters the patient’s recuperation devoid o any lingering eects and
with an enhanced quality o lie [14]. The utilization o visible light, in
conjunction with a photosensitizer and molecular oxygen, induce the
generation o cytotoxic species [13] Photosensitizer are molecules
designed to interace with light, thereby generating highly reactive ox-
ygen species, notably oxygen itsel. The choice o photosensitizer is
contingent upon the intended application site, as each one exhibits
specifcity towards distinct wavelengths. Commonly used photosensi-
tizers includes porphyrins, chlorins, phthalocyanines, and curcumin
[15]. In our line o research, the use o curcumin as a photosensitizer was
standardized due to its potential in previous studies carried out in vitro.
Curcumin is a natural dye used in ood that presents bactericidal prop-
ertie [16].

Among the emerging alternatives, PDT has garnered attention as a
prospective remedy or recurrent PT [16]. In this study, PDT has been
examined as a supplementary approach aimed at providing both pre-
ventive and therapeutic interventions or PT. The central objective o
this investigation revolved around assessing the viability o PDT as a
potential remedy to counteract antibiotic treatment ailures in managing
oropharyngeal inections. The objective o this article is to demonstrate
the early results o applying PDT as the only treatment in three cases o

patients who were undergoing recurrent use o antibiotics due to PT.

2. Material and methods

This research endeavor scrutinized the efcacy o PDT in PT treat-
ment. Volunteers willing to partake in the study had to satisy specifc
inclusion criteria. Eligible participants must be 18 years o age or older
and have a medical history including recurrent use o antibiotics pre-
scribed by doctors or PT. The patient needs to have an adequate mouth
opening and cooperate during the application. Patients with pregnant
women, patients with oral diseases and those taking antibiotics are
excluded rom the research. Following the ulfllment o all requisites,
the patient was expected to provide inormed consent by signing a Free
and Inormed Consent Form CAAE: 61,720,922.0000.8148. The proce-
dural details and research objectives were elucidated to the patient, and
any inquiries were addressed. Upon the patient’s agreement to partici-
pate, completion o a pre-assessment orm was obligatory.

Following the pre-assessment, an otorhinolaryngologist conducted a
screening process to ascertain whether the patient met the research’s
inclusion criteria. Patients whose condition is not suggestive o recurrent
PT and who have other pathologies that could justiy the symptom o
recurrent odynophagia are also excluded rom the study.

Patients meeting the project requirements received a package con-
taining two pieces o curcumin gum or consumption, acilitating cur-
cumin distribution throughout the oral cavity [17]. The PDT procedure
involved illuminating the oropharynx or 6 min. Patients are ollowed
or a year, with periodic reassessments and whether there are re-
currences o inections.

In this specifc article, we selected patients with symptoms sugges-
tive o bacterial resistance because they were requently using antibi-
otics and maintained symptoms o odynophagia ater attacks.

The parameters o the light source used included a power o 200 mW,
with a wavelength o 455 ± 30 nm, and an irradiation time o 6 min per
session. The concentration o curcumin, used as a photosensitizer, was
0.75 mg/mL. This was incorporated into a gum ormulation, acilitating
uniorm distribution o the agent in the patients oral cavity.

During treatment, patients consumed the curcumin-containing gum
within minutes, preparing the oral cavity or the subsequent lighting
procedure. Ater administration o the gum, illumination was perormed
using the previously defned power and wavelength confguration.
Depending on the clinical response and severity o each patient’s case,
more than one treatment session was applied. This approach allowed or
more eective control o the inection and greater adaptation o treat-
ment to individual needs, aiming or maximum eectiveness in eradi-
cating the symptoms o recurrent PT.
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The image illustrates an explanatory diagram about the stages and processes o inclusion and exclusion o cases reports.
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3. Results

Case Report 1: M.D. a 22-year-old woman has had a history o
recurrent PT since childhood and caseous tonsillitis and denied having
other comorbidities. She reported having an average o fve inections
per year that only improved ater using antibiotics. The last antibiotic
had been benzathine penicillin 60 days prior to the date o application.
On the day o the consultation, she reported persistent discomort in her

throat due to the presence o caseuns. On physical examination it was
possible to observe grade 2 palatine tonsils, hyperemic, encrypted and
with caseuns. Ater eleven months o application, the patient evolved
without new PT and has not used antibiotics since then. During clinical
examination, it was also possible to observe the disappearance o the
caseuns and the reduction in the size o the tonsils.

The physical examination revealed swollen tonsils, noticeable
redness, and the presence o exudate as shown in Fig. 1A. One month

Fig. 1. Pacient M.D.
Caption: The image illustrates the remarkable positive evolution identifed in the patient’s tonsillar crypts, showing her progress in reducing the caseuns and edema.

Fig. 2. Pacient L.V.
Caption: The image illustrates the remarkable positive evolution identifed in the tonsillar crypts o the patient, presenting her progress in the reduction o edema,
hyperemia, and exudate.

Fig. 3. Paciente L.A.
Caption: The image illustrates the remarkable and positive progression o a patient’s case who was acing an inection. With just a single 6-minute application, the
potential o PDT or tonsillar decontamination becomes evident.
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ater the application, a signifcant reduction in hyperemia and the
overall size o the tonsils was observed. Throughout the monitoring
period, the patient did not report any pain or discomort related to the
tonsils (Fig. 1B). At the eleven-month mark post-treatment, the patient
continued to remain ree rom both visible and symptomatic inections.
Additionally, the disappearance o caseum, indicative o a positive
clinical outcome rom the PDT treatment, has been observed as illus-
trated in Fig. 1C.

Case Report 2: A 31-year-old woman, L.V has been grappling with
recurrent sore throats since her childhood, necessitating requent
employment antibiotics. She had already undergone preventive drug
treatments without improvement, such as the use o bacterial lysate and
was already considering tonsillectomy as a therapeutic option. She re-
ported having an average o our inections per year with the last anti-
biotic being three weeks prior to application. On the day o the
consultation, the patient was stressed because she was suering rom
odynophagia again and had fnished taking antibiotics due to a tonsillitis
attack three weeks beore, where she had been evaluated and medicated
by an otorhinolaryngologist. She was also already suering rom side
eects rom the requent use o antibiotics such as vaginal candidiasis
and allergic reactions on her acial area. Upon physical examination, the
patient presented grade 1 palatine tonsils, hyperemia and covered with
exudate. Ater twelve months o application, the patient’s symptoms
improved, without new attacks o PT and without the use o antibiotics
since then. During the clinical examination, it was possible to observe
the disappearance o the exudate in the tonsils and a reduction in their
size.

Patient L.V., during an ongoing inection presented with hyperemic
tonsils displaying the presence o exudate during the clinical evaluation
(as illustrated in Fig. 2A). During the administration o PDT, the patient
reported eeling a slight burning sensation in the illuminated area, but
did not report signifcant pain. Following the application o PDT, the
patient reported observing an improvement in the pain. A minimum
exsudate is visible on the tonsils, with mild hyperemia noted (as seen in
Fig. 2B). In the subsequent month, the patient expressed concerns about
throat irritation, prompting a second PDT session. Notably, a reduction
in tonsil size was observed, accompanied by a decrease hyperemia and
the disappearance o exudate in the tonsillar crypts (as illustrated in
Fig. 2C). The patient no longer reported subsequent inections, irrita-
tions, or inammations. Additionally, the patient highlighted an
improvement in their overall quality o lie.

Case Report 3: L.A., a 24-year-old woman, reports having started to
experience recurrent tonsillitis ater entering adulthood, needing to
resort to antibiotics 5 a 6 times per year. She denied having other
comorbidities. She was already in the public service queue waiting or
her turn to undergo tonsillectomy surgery. The last antibiotic was azi-
thromycin, which she had taken our weeks beore the application. On
the day o the consultation, she was already starting to experience
odynophagia again and was beginning to present plaques on her right
tonsil. Upon physical examination, it was possible to observe an in-
ammatory process starting in the right tonsil, which was very hyper-
emic and with a lot o exudate. One week ater application, the plaques
disappeared and ater six months o ollow-up, a reduction in the size o
the tonsils and their crypts was observed, as well as a reduction in it.

Patient L.A., while experiencing an incipient inection. With the aim
o avoiding the administration o antibiotics, PDT was applied, allowing
the assessment o its eectiveness. Initially, the patient presented a
signifcant amount o exudate in the right tonsil, along with visible
hyperemia as shown in Fig. 3A. Throughout the ollow-up o the case, a
considerable reduction in exudate and hyperemia has been observed, as
illustrated in Fig. 3B. In the ollowing month, the patient reported the
absence o pain, which can be observed in the provided image,
demonstrating a signifcant improvement in the clinical condition. In
this image (Fig. 3C), the disappearance o exudate, hyperemia and size
reduction in the tonsils is evident.

4. Discussion

These three cases in particular were decided to be published sepa-
rately so that it was possible to provide more details about each one and
how the use o PDT enabled a avorable outcome in patients who were
unable to overcome the recurrent use o antibiotics and their side eects,
as well as the low quality o lie caused by requent sore throat. In two
cases, the patients were waiting or tonsillectomy surgery through the
public system, with no date set or it to take place. With the covid-19
pandemic in 2020 and the suspension o elective surgeries by public
hospitals, which lasted or a long period, an alternative to the surgical
procedure became even more necessary and urgent.

In the treatment o recurrent PT, PDT has demonstrated efcacy in
destroying bacterial bioflms and reducing bacterial load in the tonsils,
as observed in the three clinical cases reported. In case 1, the application
o PDT resulted in complete resolution o symptoms and no recurrence
o inections, highlighting the eectiveness o PDT in eradicating both
active inections and preventing uture recurrences by disintegrating the
bioflm [18]. Curcumin is absorbed by bacterial cells present in tonsil
bioflms and when exposed to light at 450 nm is activated, leading to the
transer o energy to the molecular oxygen present in the tissue, orming
reactive oxygen species (ROS) [19]. In case 2, the patient showed sig-
nifcant improvement ater the application o PDT, with a reduction in
inammation and pain symptoms. This shows the anti-inammatory
action o ROS, in addition to their bactericidal properties, including
ree radicals such as singlet oxygen [20]. These radicals are highly
reactive and have the ability to quickly damage bacterial cells by
inducing the oxidation o vital cellular components such as microbial
membranes and proteins [21]. In case 3, the intervention was successul
in eliminating the visible presence o inection and reducing discomort,
showing the eectiveness o PDT in acute conditions, even in the pres-
ence o resistant bioflms. The elimination o pathogenic bacteria
through treatment can reduce the production o toxins and inamma-
tory enzymes, leading to a reduction in inammation and consequently
pain [22].

It can be observed that PDT was very well tolerated in all applica-
tions, with practically no adverse eects. As previously stated, curcumin
assumes a pivotal role in the mechanism o PDT owing to its profciency
in absorbing blue light and engendering ROS. Its mode o action is
ascribed to the hindrance o bacterial prolieration by suppressing pro-
tein kinases [16]. Furthermore, numerous approaches exist or the
eective and secure utilization o the photosensitizer, with consider-
ations linked to variables such as the method o administration, whether
topical, intravenous, transdermal, subcutaneous, or through the respi-
ratory tract [16].

Antibiotics are compounds with the capability to eradicate or hinder
the prolieration o bacteria. However, their repeated use can engender
the emergence o antibiotic resistance. The consequences o antibiotic
resistance are difcult to orecast, but it is estimated that in 2050 it will
be the cause o death o around ten million people and assume an
enormous economic cost. In light o this, the cases under consideration
hold substantial signifcance in assessing the efcacy o PDT as an
alternative to antibiotics. Notably, in the selected cases, the patients
were increasingly using antibiotics and maintaining persistent symp-
toms o odynophagia between attacks and with persistent exudate ater
treatment on physical examination. In these cases o bacterial resistance,
PDT has played a undamental role in addressing this challenge. In light
o this, it is possible to deduce that PDT had two mechanisms o action:
bactericidal and anti-inammatory. Probably the most important action
o PDT in resolving PT is its ability to eliminate the presence o bioflm
on the palatine tonsils.

PDT has emerged as an emerging therapy with the potential to solve
a major problem related to bacterial multiresistance to antibiotics.
Additional studies are being carried out to better demonstrate the
eectiveness o the therapy, such as: longer ollow-up time to assess how
long the patient remains inection-ree and the use o technology in
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acute tonsillitis, thus eliminating the need or antibiotics during
inection.

PDT presents itsel as a promising alternative to conventional treat-
ments or recurrent PT, such as the use o antibiotics and tonsillectomy.
Comparison between these methods can be structured around key
criteria such as eectiveness, cost-beneft, side eects and patient
satisaction. The eectiveness o PDT has been documented in the
treatment o various bacterial inections and inammatory conditions
[23]. Specifcally or PT, PDT can signifcantly reduce bacterial load
[24] and to desestructure o bioflm [25] in tonsils without contributing
to the development o antibiotic resistance [26].

The PDT itsel, once established, tends to have a low variable cost
[27]. Furthermore, reducing the need or antibiotics and preventing
surgery can result in considerable savings in the long term. The indirect
costs o antibiotic in PT due to growing resistance and ailed treatments
can be signifcant [28]. Tonsillectomy has a high direct cost due to the
need or a surgical environment and anesthesia, in addition to the costs
associated with recovery time and potential complications [29].

PDT generally has ew side eects; the most common are mild and
localized, such as irritation in the treated area [30]. Moreover, there are
no reports o long-term side eects described in this cases report.
Regarding patient satisaction, PDT had high patient satisaction due to
its non-invasive nature and eective symptom relie. Patient satisaction
with antibiotics may decrease with requent use, especially due to side
eects or when treatment ails due to resistance [31]. In tonsillectomy,
despite postoperative discomort, risks o bleeding, inections, and sig-
nifcant postoperative pain, patients report a signifcant improvement in
quality o lie when other treatments have ailed [32]. Thereore, while
conventional treatments such as antibiotics and tonsillectomy have their
established places in the management o recurrent PT, PDT oers an
alternative with the potential or sustainable efcacy, ewer side eects
and good acceptance by patients. The choice between these options must
consider the patient’s individual profle, the severity o the symptoms
and the history o previous treatments.

5. Conclusions

Through this study it is possible to conclude that PDT is a therapy
with promising results. More studies are being carried out with the aim
o proving the eectiveness o this treatment on a large scale, as well as
elucidating how long the patient benefts rom the technique ater a
single application. It has been shown to be a potential therapeutic
weapon in combating bacterial PT and antibiotic resistance. It is also
worth highlighting that it is a simple, quick and easily accessible ther-
apy, making it suitable or outpatient use. PTD has demonstrated its
ability as an eective, non-invasive strategy that contributes to
improving patient quality o lie, particularly evident in recurrence
scenarios subsequent to unsuccessul conventional antibiotic in-
terventions. PDT has the potential to be an invaluable tool in combating
oropharyngeal inections by eliminating the microbial load, thus
improving symptom maniestations and subsequently decreasing the
need or antibiotics in cases o recurrence. Consequently, PDT has the
potential to become a laudable therapeutic approach, oering a solution
to the challenge o antibiotic resistance in treating inections. Its po-
tential lies in its ability to eectively address a broad spectrum o mi-
crobial loads within the tonsils, which may not respond optimally to
antibiotics.

To validate and expand the promising results o the current study on
PDT in the management o recurrent PT, the authors plan to conduct a
prospective randomized study directly comparing PDT with current
standard treatment (use o antibiotics). This prospective study would not
only confrm the efcacy and saety o PDT as an alternative to con-
ventional treatment, and also provide frst level evidence, potentially
inducing a signifcant change in global clinical practices or the treat-
ment o PT. Such a change could positively impact antimicrobial resis-
tance, reducing dependence on antibiotics and oering a more

sustainable therapeutic option with ewer side eects or patients.
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