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Abstract

group (45.5% avoided surgery).

and antimicrobial resistance concerns.

Background: Recurrent tonsillitis presents a significant clinical challenge, often requiring surgical intervention
when antibiotic therapy fails. Antimicrobial photodynamic therapy (aPDT) has emerged as a promising non-invasive
alternative, offering effective microbial load reduction and symptomatic relief without contributing to antibiotic
resistance. Methods: assessed the efficacy of aPDT in patients over 18 years old diagnosed with pharyngotonsillitis
caused by Streptococcus beta-hemolyticus (SBH). Participants were divided into three groups [1], aPDT alone [2],
aPDT combined with anti-inflammatory drugs, and [3], aPDT combined with antibiotics. Patients were monitored for
12 months to evaluate infection recurrence and the need for surgical intervention.

Results: The group treated with aPDT alone exhibited no recurrences throughout the 12-month follow-up period,
making it the most effective approach. In contrast, patients receiving aPDT combined with anti-inflammatory drugs
or antibiotics experienced higher recurrence rates, particularly within the first two months. Importantly, all patients
initially recommended for tonsillectomy avoided surgery, with the highest impact observed in the aPDT + antibiotics

Conclusion: aPDT demonstrates significant efficacy in reducing recurrent tonsillitis episodes and preventing
surgical intervention. The findings suggest that aPDT, particularly when used as a standalone treatment, can serve as
a viable and non-invasive alternative to conventional therapeutic approaches, addressing both infection recurrence
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Introduction

Infectious diseases are frequently associated with antibiotic therapy
(ATB), as these drugs have been the primary treatment option for
bacterial infections for decades. However, their effectiveness does
not always meet expectations, mainly due to antimicrobial resistance
(AMR), a global public health challenge. The uncontrolled use of
antibiotics increases selective pressure on bacteria, accelerating their
ability to acquire resistance mechanisms, which can render treatments
ineffective [1]. Consequently, finding effective alternatives to antibiotic
therapy has become an urgent need, especially for recurrent infections
such as chronic tonsillitis. Antibiotics require several conditions to be
effective [1], a specific target within the bacterial cell [2], an optimal
concentration reaching the infection site, and [3], no degradation or
structural modification of the drug [2]. However, chronic tonsillitis
is often characterized by persistent infection of the tonsils, and its
recurrence is closely linked to antimicrobial resistance. Some cases
of tonsillitis decrease in frequency over time, while others persist for
life. Additionally, diagnosis is frequently delayed or overlooked due to
subtle clinical manifestations and the lack of confirmatory laboratory
tests [3].

One of the most significant challenges in treating chronic tonsillitis
is the formation of bacterial biofilms. These microbial structures
adhere to the surface of the tonsils and protect bacteria from host
immune responses and antibiotics, increasing their resistance up
to 1,000 times compared to planktonic cells [4]. Studies estimate
that 65-80% of bacterial infections involve biofilm formation, which
significantly complicates treatment [5]. Biofilms follow a well-defined
developmental process: initial adhesion, microcolony formation,

biofilm maturation, and dispersion, making them highly adaptable
and persistent. Their presence contributes to the chronic nature
of infections and increases the likelihood of recurrence even after
antibiotic therapy [6]. Given these challenges, alternative antimicrobial
strategies are crucial. Photodynamic therapy (PDT) has historical
roots in medical applications dating back to Ancient Greece, Egypt,
and India, though it’s clinical use remained limited until the 20th
century. In 1900, Raab observed that microorganisms exposed to
specific dyes and light underwent cell death, laying the foundation for
modern photodynamic therapy (PDT) [7]. The principle of PDT is
based on the activation of a photosensitizer (PS) with light at a specific
wavelength in an oxygen-rich environment, generating reactive oxygen
species (ROS) that induce microbial destruction [8]. Antimicrobial
photodynamic therapy (aPDT) has emerged as an innovative and
effective technique capable of eliminating bacterial pathogens without
inducing resistance [9]. Unlike antibiotics, aPDT disrupts biofilms and
prevents bacterial recolonization, making it a promising approach for
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recurrent pharyngotonsillitis [10]. Additionally, aPDT is non-invasive,
fast, and easy to apply in outpatient settings, contributing to improved
patient quality of life, especially for those who have experienced
recurrence despite multiple antibiotic treatments [11]. Recurrent
tonsillitis is defined as at least six or more infections per year, one or
more respiratory infections per month, or three or more infections
of the lower respiratory tract annually [12]. The standard diagnostic
approach involves rapid antigen detection tests (RADT) or throat
culture for Streptococcus pyogenes, guiding appropriate treatment
selection. However, the overuse of antibiotics in these cases can further
drive bacterial resistance, reducing treatment effectiveness [13]. Given
the high recurrence rates and the limitations of antibiotic therapy,
this study aims to evaluate the efficacy of aPDT in treating recurrent
pharyngotonsillitis, monitoring its effects over a 12-month period and
assessing its potential to reduce recurrence and the need for surgical
intervention.

Methodology

Participant Selection and Study Design

The study was conducted at the Photodynamic Therapy Unit
of Hospital Santa Casa in Sdo Carlos, State of Sdo Paulo, Brazil.
The research protocol was approved by the Human Research
Ethics Committee of Hospital Santa Casa (CAAE number:
61720922.9.0000.8148). Adult participants aged 18 years or older from
Sao Carlos/SP, Brazil, who presented clinical signs and symptoms
consistent with pharyngotonsillitis (FT) were invited to participate.
Screening was performed by a medical professional specializing in
otorhinolaryngology. Subsequently, patients underwent routine
laboratory procedures at the Photodynamic Therapy Unit (IFSC-USP),
located at Santa Casa de Misericordia de Sao Carlos. All participants
provided written informed consent in accordance with Brazilian law
466/2012.

Inclusion and Exclusion Criteria

Eligibility criteria for participation included being over 18 years of
age, presenting signs and symptoms of pharyngotonsillitis, and testing
positive for Streptococcus pyogenes (SBH). Exclusion criteria were
as follows: no history of pharyngotonsillitis in the past two months,
pregnancy, lactation, or having an oncological condition.

Clinical Evaluation and Follow-Up

Patients presenting clinical signs and symptoms of FT, such as fever,
erythema, exudate, sore throat, headache and pain, were evaluated
based on inclusion and exclusion criteria. Included patients provided
a sample from the tonsil region using a swab for rapid detection of
SBH. After undergoing photodynamic therapy (aPDT), a clinical
reassessment was conducted to observe changes in signs and symptoms
following treatment. This reassessment took place at 48 hours and 30
days post-treatment, with patient follow-up continuing for 12 months
via telephone contact and self-reported symptom updates.

Antimicrobial Photodynamic Therapy

A total of 38 patients were included in the study and allocated into
three defined groups:

. Group 1 (n = 15): Patients using anti-inflammatory or
analgesic medications with persistent sore throat, treated concurrently
with aPDT.

. Group 2 (n = 11): Patients on antibiotics who had undergone

multiple treatment attempts with various medications but continued
to exhibit persistent FT symptoms. These patients received aPDT in
combination with antibiotics.

. Group 3 (n = 12): Patients presenting FT symptoms without
prior use of any medication, receiving exclusive aPDT treatment.

The antibiotics  administered included  Azithromycin,
Benzylpenicillin Benzathine, Amoxicillin, and Potassium Clavulanate.
Anti-inflammatory and analgesic medications included Dipyrone,
Paracetamol, Cetoprofen, Ibuprofen, and Nimesulide. Patients
selected for aPDT received a lozenge- based formulation made of
gelatin containing photosensitizers (PS), specifically natural curcumin
at a concentration of 0.75 mg/mL, provided by PDT Pharma (PDT
Pharma, Cravinhos, Sdo Paulo, Brazil). After the patient sucked
the curcumin lozenge for approximately 3 minutes (estimated time
until complete dissolution), the oral cavity was illuminated with a
blue light-emitting diode (LED) system at a wavelength of 450 nm
(Patent: BR10201601347) with an intensity of 20 mW/cm? and energy
density of 2.4 J/cm?. The equipment was manufactured by MM Optics
(MMOptics, Sao Carlos, Sao Paulo, Brazil).

Results

Figure 1 N.C.N., a 24-year-old woman, had a history of recurrent
sore throats since childhood. She reported an average of two
infections per year and frequent episodes of inflammation occurring
once or twice a month, although without progression to infection.
During the anamnesis, the patient reported her main complaints as
sore throat, hyperemia and hypertrophy of the oropharynx/tonsils,
fever above 38°C, bleeding, neck pain, back pain, body aches, and
headache. Upon measuring vital signs, the following parameters were
recorded: a temperature of 38.1°C (even after intravenous dipyrone
administration), a heart rate of 102 bpm, oxygen saturation of 97%,
and blood pressure of 120/80 mmHg. On physical examination, the
tonsils were observed to have crypts—small cavities that can trap food,
bacteria, and mucus, promoting the formation of tonsillar stones, also
known as tonsilloliths or "white spots" in the throat. Additionally, the
presence of exudate, edema, hyperemia, and a darker-colored plaque
was identified.

It is possible to compare images A and C and observe that, before
the treatment with antibiotics concomitant with photodynamic
therapy, the patient had a significant bacterial load in the tonsillar
crypts, along with hyperemia, edema, and exudate plaques. After the
antibiotic treatment and just one application of PDT, the tonsil appears
free of exudate plaques, with a noticeable reduction in bacterial load,
hyperemia, and edema.

Table 1 presents the results of the pre-intervention model, which
represents the conventional treatment strategies adopted prior to the
implementation of antimicrobial photodynamic therapy (aPDT). The

Figure 1: N.C.N., a 24-year-old woman, had a history of recurrent sore throats
since childhood.
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Table 1: Results of the pre-intervention model before the use of aPDT.

Antibiotic-based intervention

Total
Patients did not present recurrence
Patients presented recurrence

60 1~

50 A

40

30 4

Patients (%)

20 4

10 A

13 (40.62%)
19 (59.38%)

Non-antibiotic-based intervention
6
1(16.67%)
5 (83.33%)

[ aPDT
I aPDT+anti-inflammatory or analgesic
Il =aPDT+antibiotics

w2t

0 7 16 30 60

90 120 160 365

Follow-up (days)

Figure 2: Recurrence of soar throat at 365days follow-up.

data are divided into two categories: antibiotic-based interventions
and non-antibiotic-based interventions, which included only anti-
inflammatory and/or analgesic treatments. Among the 32 patients who
underwent an antibiotic-based intervention, 40.62% (n = 13) did not
experience recurrence, while 59.38% (n = 19) had recurrent infections.
In contrast, among the 6 patients treated with non-antibiotic-based
interventions, only 16.67% (n = 1) remained recurrence-free, whereas
83.33% (n = 5) developed recurrent infections. These results indicate
that antibiotic-based interventions provided a 2.4-fold reduction in
recurrence rates when compared to non-antibiotic interventions.
However, despite this improvement, nearly 60% of patients in the
antibiotic group still experienced recurrence, highlighting a persistent
clinical challenge.

The high recurrence rates, even with antibiotic use, suggest that
conventional antibiotic therapy alone is not sufficient to achieve
long-term infection resolution. This persistence could be attributed
to bacterial resistance mechanisms, biofilm formation, or incomplete
pathogen eradication. Biofilms, in particular, are known to shield
bacterial colonies from antimicrobial agents, making infections
significantly harder to eliminate. In contrast, the non-antibiotic-based
group demonstrated even worse outcomes, with only one patient
avoiding recurrence. This reinforces that symptomatic treatment
with anti-inflammatory or analgesic drugs alone is insufficient for
managing recurrent tonsillitis, as it does not directly target the
bacterial load responsible for the infection. These findings underscore
the limitations of conventional therapeutic approaches and highlight
the need for alternative or adjunctive treatments. The introduction of
aPDT offers a promising non-invasive and effective strategy by directly
eliminating biofilms, reducing microbial load, and avoiding resistance
development. Given the high recurrence rates observed in both groups,

aPDT emerges as a potential complementary or standalone solution
for improving patient outcomes and reducing the necessity for surgical
intervention in cases of recurrent tonsillitis.

Figure 2 illustrates the recurrence of throat pain among patients
undergoing antimicrobial photodynamic therapy (aPDT) over a
one-year follow-up period, comparing its effects when used alone
or in combination with anti-inflammatory, analgesic, or antibiotic
treatments. The data reveal that patients treated with aPDT combined
with anti-inflammatory and analgesic medications exhibited a
continuous increase in recurrence rates during the first two months,
with notable peaks at 7 days and 1 month. Similarly, patients receiving
aPDT combined with antibiotics experienced recurrence episodes
between 7 days and 2 months, with peaks observed at 7, 15, and 30
days, as well as a delayed peak at the 12-month mark.

In contrast, the group treated with aPDT alone showed no
recurrence at any point during the one-year follow-up period,
highlighting its potential as the most effective strategy for long-term
symptom control. The absence of recurrence in this group suggests
that aPDT alone may provide a more robust and sustained therapeutic
effect, possibly due to its biofilm-disrupting properties and ability to
eliminate bacterial loads without inducing resistance.

These findings reinforce the limitations of adjunctive
pharmacological treatments, as both anti-inflammatory/analgesic
and antibiotic combinations with aPDT resulted in higher recurrence
rates, particularly in the early months following treatment. The delayed
recurrence peak observed in the aPDT + antibiotic group at 12 months
may indicate a long-term bacterial recolonization effect, emphasizing
the need for alternative or maintenance strategies.
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Table 2: Results of the aPDT use regarding patients listed for tonsillectomy procedure.

Patients out list for tonsillectomy | Patients on list for tonsillectomy  Patients did not require tonsillectomy procedures

aPDT + Antiinflammatory and Analgesic 64%
aPDT + antibiotic 54.5%
aPDT 75%

Overall (Figure 2) underscores the superior efficacy of aPDT as a
standalone treatment for recurrent pharyngotonsillitis, demonstrating
its potential to minimize recurrence and reduce the dependence on
conventional pharmacological interventions.

Table 2 presents the impact of antimicrobial photodynamic
therapy (aPDT) on the necessity for tonsillectomy among patients with
recurrent tonsillitis, following a one-year intervention and follow-up
period. The data demonstrate a significant reduction in the number of
patients requiring surgical intervention across all treatment groups.

In the aPDT + anti-inflammatory/analgesic group, 36% of patients
were still listed for tonsillectomy, while 64% were removed from the
surgical list after treatment. Similarly, in the aPDT + antibiotic group,
45.5% of patients remained on the surgical list, whereas 54.5% no
longer required surgery. Notably, the highest success rate was observed
in the aPDT-alone group, where 75% of patients were removed from
the surgical list, with only 25% still considered for tonsillectomy. These
findings highlight the significant role of aPDT in reducing the need for
surgical intervention, particularly when used as a standalone treatment.
The effectiveness of aPDT alone surpasses that of its combinations with
pharmacological therapies, reinforcing its potential as a non-invasive,
long-term solution for managing recurrent tonsillitis. Interestingly,
despite variations in the percentage of patients who remained on
the surgical list, the data indicate that no patient ultimately required
tonsillectomy after the one-year follow-up, regardless of treatment
group. This underscores the therapeutic success of all aPDT-based
interventions, demonstrating their capacity to effectively manage
recurrent tonsillitis and prevent surgical procedures.

Discussion

The data presented provide valuable insights into the effectiveness
of various therapeutic approaches in treating recurrent throat pain, with
a focus on aPDF and its combination with other interventions. Overall,
reductions in FT recurrences treated with prior aPDT application
remained consistent over one year (12). Initially, an analysis of (Table
1) shows that the intervention using antibiotics (ATB) significantly
reduces the recurrence rate compared to intervention without ATB.
While 40.62% of patients treated with ATB did not experience
recurrence, only 16.67% of patients who did not use ATB remained
free from recurrence. These data reinforce the role of ATB in reducing
infection recurrence, although the recurrence rate among those who
used them (59.38%) remains significantly high. On the other hand,
patients who used only anti-inflammatory and/or analgesics had an
even higher recurrence rate, suggesting that this approach alone is
less effective in controlling the infection. However, it is important to
emphasize that recurrent use of ATB can lead to resistance development
and compromise immunity, making infections more frequent; thus,
understanding the impact of ATB on bacterial resistance is essential
for developing effective technological strategies to combat this global
problem (13).

Figure 1 offers a different perspective by evaluating the effectiveness
of aPDT over one year. The analysis shows that the combination of
aPDT with anti-inflammatories and analgesics resulted in an increase

36% 100%
45.5% 100%
25% 100%

in recurrences during the first two months, with specific peaks between
7 days and 1 month. A similar pattern is observed in the combination
of aPDT with ATB, with recurrences recorded between 7 days and 2
months, as well as a new peak after one year. However, a particularly
relevant finding is that the isolated use of aPDT proved to be the most
effective approach, as no recurrences were observed during the one-
year period analyzed. These results suggest that aPDT alone provides a
long-lasting solution for patients with recurrent throat pain

Furthermore (Table 2) highlights the influence of aPDT on
patients' need for tonsillectomy surgery. Notably, regardless of the
approach used, 100% of patients initially indicated for surgery after one
year of therapeutic intervention did not require the surgical procedure
due to the excellent response to treatment involving aPDT association.
The most significant impact was observed in the group that received
aPDT associated with ATB, where 45.5% of patients did not undergo
surgery. These results suggest that aPDT can be a viable alternative
to avoid invasive surgical procedures. Therefore, the study findings
demonstrate that aPDT plays an important role in reducing microbial
load and recurrence rates of throat infections, being particularly
effective when used alone, although combinations with ATB or anti-
inflammatories may still present some recurrences. APDT emerges as
a relevant therapeutic option for minimizing the need for surgery and
improving patients’ quality of life.

Conclusion

This study demonstrates that antimicrobial aPDT is a promising
and effective alternative for reducing the recurrence of throat infections
and minimizing the need for surgical interventions. The findings
suggest that aPDT alone provides superior long-term infection control,
while its combination with antibiotics may further enhance its efficacy
in preventing recurrences and reducing the necessity for tonsillectomy.
The significance of this therapeutic approach is particularly relevant
in the current healthcare landscape, where antimicrobial resistance
(AMR) poses a major global challenge, compromising the effectiveness
of conventional antibiotic treatments. Unlike antibiotics, aPDT does
not induce resistance, making it a sustainable and innovative strategy
for managing recurrent infections. By directly targeting bacterial
loads and disrupting biofilms, aPDT enhances treatment efficacy
while preserving antibiotic effectiveness for critical cases. Beyond its
microbiological benefits, aPDT stands out as a non-invasive, rapid,
and easily accessible intervention, making it a viable option for
outpatient management of oropharyngeal infections. In an era where
treatment options for recurrent infections are becoming increasingly
limited, aPDT emerges as a reliable alternative that aligns with
modern strategies to combat AMR. However, the findings of this study
provide strong evidence supporting the clinical adoption of aPDT as
a safe, effective, and sustainable therapeutic approach for controlling
persistent infections. Furthermore, its integration into routine clinical
practice could play a crucial role in reducing excessive antibiotic use,
thereby contributing to global efforts in mitigating antimicrobial
resistance. Future studies should further explore optimal treatment
protocols, long-term outcomes, and broader applications of aPDT in
infectious disease management.
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