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Abstract

The efficacy of antibiotic therapy for group A streptococcus (GAS) pharyngitis is debated. The role of antibiotics in preventing
complications seems limited, with the main potential benefit being symptom duration reduction. Our study aimed to evaluate
whether a placebo is non-inferior to amoxicillin in reducing fever duration. We randomized 88 children between 3 and 15 years
of age presenting with acute symptoms of pharyngitis and a positive rapid antigen detection test for GAS to receive 6-day
treatment with either placebo (n=46) or amoxicillin (n =42). The primary outcome was the difference in fever duration, with
a non-inferiority threshold set at 12 h. The secondary outcomes included pain intensity and complications of streptococcal
pharyngitis. The mean difference in fever duration between the amoxicillin and placebo groups was 2.0 h (95% CL,— 8.3 to 12.3)
in the per-protocol analysis and 2.8 h (95% CIL, — 6.5 to 12.2) in the intention-to-treat analysis. Treatment failure was observed
in six participants in the placebo group and two in the amoxicillin group (relative risk, 2.15; 95% CI, 0.44-10.57). All patients
were identified early and recovered well. There was no clinically relevant difference in pain intensity between groups over the
7 days following randomization, with the largest difference of 0.5 (95% CI, —0.62-1.80) observed on day 3. Conclusion: Pla-
cebo appears to be non-inferior to amoxicillin in reducing fever duration. Pain intensity and risk of complications were similar
between the two groups. These findings support the restrictive antibiotic treatment for streptococcal pharyngitis.

What is Known:

o Group A streptococcus pharyngitis is a common reason for prescribing antibiotics in pediatric care.

o [n high-income countries, while antibiotic treatment has not been effective in preventing non-suppurative complications, the primary justification for
their use remains the reduction of symptoms.

What is New:

o Our results suggest that antibiotics have a limited impact on the duration of fever and the intensity of pain in children with streptococcal pharyngitis.

o Considering that suppurative complications can be promptly treated if they arise, we recommend a more judicious approach to antibiotic
prescriptions.

Trial registration: The trial is registered at the US National Institutes of Health (ClinicalTrials.gov) # NCT03264911 on 15.08.2017.
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Abbreviations
GAS Group A streptococcus

PP Per-protocol
ITT Intention-to-treat

NNT Number needed to treat
FPS-R  Faces pain scale-revised
Introduction

Pharyngitis is a leading cause of primary care outpatient visits
among adults and children. Most cases are caused by viruses,
such as rhinovirus, coronavirus, and adenovirus [1]. Group
A streptococcus (GAS) is the most common bacterial cause
of acute pharyngitis, [2] accounting for 5-15% of cases in
adults and 20-30% in children. It most often affects children
5 to 15 years of age during the winter months and is rare in
children under 3 years old [3]. Symptoms of GAS pharyngitis
typically resolve spontaneously within 3-5 days [4]. However,
it can be followed by suppurative complications such as acute
otitis media, acute sinusitis, cellulitis, and quinsy, as well as
non-suppurative complications such as acute rheumatic fever
and post-streptococcal acute glomerulonephritis.

Based on the literature from the 1960s and 1970s, [5,
6] antibiotic therapy was routinely recommended in 2012
by the Infectious Diseases Society of America for all con-
firmed cases of GAS pharyngitis to reduce the risk of sup-
purative and non-suppurative complications and the dura-
tion of symptoms [7]. These guidelines are currently under
review, and the effectiveness of antibiotic therapy in treating
and preventing complications of streptococcal pharyngitis
has been widely questioned in the literature over the past
decade [8]. Since the beginning of the twenty-first century,
several European countries (including Belgium, the United
Kingdom, and the Netherlands) have changed their recom-
mendations and now advise symptomatic treatment only,
limiting the use of antibiotics to well-defined cases [9-12].

While antibiotic treatment remains unquestionable in
low-income countries where the incidence of rheumatic
fever is high and the sequelae from GAS infections have a
significant impact on public health, [13] in high-income
countries, reducing the intensity and duration of the
symptoms of GAS pharyngitis may currently be the only
reasonable justification for antibiotic therapy. A recent
systematic review on the management of pharyngitis,
mainly including studies involving adults, showed mod-
est effectiveness of antibiotics on symptom resolution and
concluded that there is insufficient evidence to draw con-
clusions in children [14]. In Switzerland, at the initiation
of our study, suspected cases of streptococcal pharyngitis
in pediatric patients over 3 years old with a Mclsaac score
exceeding 3 prompted a rapid test. Positive results led to
the systematic initiation of amoxicillin treatment at 50 mg/
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kg/day for 7 days. However, the Swiss Society for Infec-
tious Diseases has since released updated national recom-
mendations, [15] advocating primarily for symptomatic
treatment. Antibiotic treatment is now advised only in very
specific and limited cases, where there is a risk factor of
complications such as poor general condition, suspicion of
an abscess, immunosuppression, personal or family history
of rheumatic fever, recent immigration from a low-income
country, or cardiac valve disease [16].

Our study focuses on a population of healthy children
aged between 3 and 15 years with GAS pharyngitis. The
primary objective of this study was to assess whether pla-
cebo treatment is non-inferior to amoxicillin in reducing the
duration of fever in children with GAS pharyngitis.

Methods

From January 2017 to May 2021, we conducted a prospec-
tive, double-blind, randomized, non-inferiority clinical trial
in children with GAS pharyngitis who presented to the emer-
gency departments of two pediatric university hospitals and
one regional hospital in Switzerland.

The study was approved by all local ethics committees
(CCER 15-086) and followed the International Council
for Harmonization Good Clinical Practice guidelines and
the Declaration of Helsinki. Written informed consent was
obtained from parents or legal guardians after a detailed
explanation of the study was provided by trained study staff.
The study was overseen by an independent data safety and
monitoring board. We followed the Consolidated Standards
of Reporting Trials (CONSORT) reporting guidelines.

Study population

Inclusion criteria were healthy children aged between 3 and
15 years with fever > 8 °C, clinical symptoms suggestive of
pharyngitis, a McIsaac score >3, [17-19] and a rapid anti-
gen detection test positive for GAS. Exclusion criteria were
beta-lactam hypersensitivity/allergy; another concomitant
disease that needed to be treated with antibiotics; immuno-
logical deficiency; oncological disease; chronic heart, liver,
or kidney disease; antimicrobial therapy started within 72 h
prior to study enrolment; a previous history or family history
of acute rheumatic fever; skin infection suggestive of GAS
impetigo; suspected post-streptococcal acute glomerulone-
phritis; complicated pharyngitis (e.g., pharyngeal abscess);
or a rash suggestive of scarlet fever.

Randomization and blinding

Children were randomly assigned in a 1:1 ratio to receive either
a 6-day placebo regimen (intervention group) or amoxicillin
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tablets (control group). The amoxicillin dose was adjusted
according to the participant’s weight to achieve the recom-
mended dose of 50 mg/kg/day in two doses [20, 21]. For chil-
dren weighing < 18 kg, the dose was 375 mg twice daily; for
those weighing between 18 and 24 kg, the dose was 500 mg
twice daily; and for those weighing > 24 kg, the dose was
750 mg twice daily. Tablets were identical in appearance, odor,
taste, and packaging. Randomization was stratified by weight
groups (<18 kg, 18-24 kg, and > 24 kg) and study centers
using block sizes of 2, 4, and 6. The randomization allocation
sequence was generated by the Clinical Trials Pharmacy Unit of
Geneva University Hospitals using dedicated software, which
also labeled the study medication. Apart from the unblinded
pharmacists and trial monitors, all members of the study team
were blinded to the treatment group assigned to each child.
Participants in both groups also received a prescription for par-
acetamol and nonsteroidal anti-inflammatory drugs (NSAIDs)
for the symptomatic treatment of fever and pain.

Study procedure

After inclusion, demographic and clinical data were col-
lected, and a standardized physical examination and throat
culture were performed. Following these procedures, treatment
according to the allocation group was distributed to parents,
who were instructed to start immediately. During the 7 days
after randomization, parents were instructed to measure the
fever twice daily using an axillary thermometer, closely moni-
tor the evolution of symptoms (once daily), and record them
in a diary, as well as every administered dose of paraceta-
mol or NSAIDs. Symptoms collected included sore throat,
abdominal pain, diarrhea, nausea, vomiting, anorexia, asthenia,
and skin rash. Caregivers received a telephone call on day 3
after randomization for a standardized assessment. A control
visit, including a repeated throat culture and clinical evalua-
tion, was scheduled 1 month after randomization, as well as
completion of a standardized questionnaire. Two phone calls
were scheduled at the 6- and 12-month follow-ups to evalu-
ate relapse, recurrence, and/or potential late complications of
GAS pharyngitis. The throat culture performed immediately
after inclusion aimed to identify the subgroup of patients with
culture-confirmed GAS pharyngitis, given the risk of false-
positive RADT results. The second throat culture performed
at the one-month follow-up visit enabled the measure of GAS
eradication, one of the secondary endpoints of the study. The
research team, clinicians in charge, and the patients were all
blinded to the culture results.

Outcomes
The primary outcome was the difference in the fever dura-

tion. Secondary outcomes included pain intensity, use of
symptomatic treatment, treatment failure, persistence of

symptoms on day 3, GAS pharyngitis complications, and
GAS eradication rate assessed 1 month after randomiza-
tion. Pain intensity was assessed using the Faces Pain Scale-
Revised (FPS-R) [22]. Treatment failure was defined as the
occurrence of any complication associated with GAS phar-
yngitis or any change or deterioration upon clinical examina-
tion before the end of the 6-day treatment that warranted trial
discontinuation and prescription of antibiotic therapy. The
emergence of a rash suggestive of scarlet fever was there-
fore considered an indication to discontinue the study and
administer antibiotic therapy.

Adverse events were assessed, recorded, and treated until
resolution or stabilization. They were reported for review
and acted upon within 24 h.

Power calculation and statistical analysis

We estimated that 99 patients per treatment arm ensured that
the study had 90% power to determine the non-inferiority
of placebo on the duration of fever (with a non-inferiority
margin of 12 h), based on the assumption that the standard
deviation of fever duration is 1.2 days [23].

Descriptive statistics were used for patient demographics
and baseline data, which were summarized by frequencies
and proportions for categorical variables and means and SDs
for continuous variables.

Primary analysis was performed in both per-protocol (PP)
and intention-to-treat (ITT) populations. While ITT analysis
is favored for superiority trials, PP is often recommended for
non-inferiority trials because of the potential for an ITT analy-
sis to increase the type I error [24, 25] and the Food and Drug
Administration and European Medicines Agency recommend
reporting both the PP and ITT in non-inferiority trials [26, 27].
Concordance between both analyses lends enhanced credibility
and robustness to the findings [24, 28]. Mann—Whitney U test
was used to assess non-inferiority in responses between the
two groups with 95% Cls around the difference; if the upper
limit of the 95% CI for this difference was less than 12 h, the
placebo could be considered as non-inferior to amoxicillin. A
sensitivity analysis was conducted in the subgroup of partici-
pants with culture-confirmed GAS pharyngitis.

Fever duration was also evaluated in a survival analysis,
in which participants with incomplete follow-up were cen-
sored when they discontinued the intervention or withdrew.
The mean difference and 95%CI of pain scores of each group
were calculated by the group for each of the 7 consecutive
days following randomization. The use of symptomatic treat-
ment in the first 3 days following randomization, presence
of clinical symptoms at day 3, treatment failures, complica-
tions during the 12-month follow-up, and negative throat
culture 1 month after randomization were compared between
groups using the chi-square test and Fisher’s exact test, as
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Table 1 Demographics,
history, and clinical features at

Placebo, N (%) Amoxicillin, N (%)

randomization in 88 children
with GAS pharyngitis

Patients

Age, mean (SD), year
<6.0 years
6.1-10.0 years
>10.1 years

Male

Origin
Switzerland
Europe (except Switzerland)
Africa
Americas

Oceania

>3 episodes/year of GAS pharyngitis

Identified source of contagion
Fever onset (SD), h
Presenting symptoms

Sore throat

Tonsillar exudate

Tender/swollen anterior cervical lymph nodes

Anorexia
Irritability
GAS confirmed by culture

46 (52) 42 (48)
7.0 (+2.7) 7.8 (+2.9)
16 (35) 15 (36)

22 (47) 17 (40)

8 (17) 10 (24)

27 (59) 17 (40)

14 (30) 15 (36)

24 (52) 23 (55)

6 (13) 4(10)

1) 0

1) 0

8 (17) 5(12)

13 (28) 6 (15)

26.0 (+10.8) 26.4 (+11.8)
37 (80) 34 (82)

31 (67) 31 (74)

26 (58) 26 (62)

34 (74) 31 (74)

29 (63) 27 (66)
28/33 (85) 25/31 (81)

GAS, group A streptococcus

Continuous data are presented as mean (= standard deviation), and categorical data as frequency (percent-

age)

appropriate. Logistic regression was used to identify associ-
ated factors when any statistically significant difference was
found. Statistical analyses were conducted using Stata v17.0
(StataCorp. software (College Station, TX, USA).

Results

Of the 249 children screened, 79 (32%) were ineligible and
82 (33%) refused to participate. A significant reluctance by
parents to accept the randomized, double-blind design, in
addition to the ongoing COVID-19 pandemic, negatively
impacted recruitment, and the trial ended prematurely in
May 2021, without reaching the target sample size. In total,
88 children were randomly assigned to the treatment groups:
42 to amoxicillin and 46 to placebo. Baseline demographic
and clinical characteristics were comparable between the
two groups (Table 1). A total of 34 children in the pla-
cebo group (74%) and 31 children in the amoxicillin group
(74%) adhered to the scheduled 6 days of therapy and were
included in the PP analysis (Fig. 1).

Throat swab culture results were only available for 33
patients in the placebo group and 31 in the amoxicillin
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group, with 28 (85%) and 25 (81%) participants confirmed
as culture-positive GAS positive (Table 1).

In the ITT population, the mean duration of fever was 21.7 h
(SD=21.8) in the amoxicillin group and 24.6 h (SD=22.4) in
the placebo group, and the mean difference in fever duration
was 2.8 h (95% CI,—6.5 to 12.2). The result was similar in the
PP analysis, with a mean difference in fever duration of 2.0 h
(95% CI,—8.3 to 12.3). In the subgroup analysis of culture-
confirmed patients, the mean difference in fever duration was
6.61 h (95% CI,—4.5to 17.7) (Fig. 2).

As shown in the Kaplan—Meier curve (Fig. 3), all partici-
pants were afebrile or censored by day 3, and the groups’
curves overlapped (hazard ratio, 0.99; 95% CI, 0.75 to 1.31).
The mean daily pain scores are presented by group in Fig. 4
and Supplementary Table 1.

The largest difference between the two groups was 0.5 points
(95% CI,-0.62 to 1.80) on day 3. No statistically significant
difference was observed between the two groups with regard
to the use of symptomatic treatment (paracetamol or NSAIDs)
in 3 days following randomization (Table 2).

Treatment failures were observed in six participants
(13%) in the placebo group (three scarlet fever, two acute
otitis media, one retropharyngeal abscess) and two partici-
pants (5%) in the amoxicillin group (one scarlet fever, one
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Fig.1 CONSORT diagram
| Enrollment I Assessed for eligibility (n=249)
Excluded (n=161)
»| - Not meeting inclusion criteria (n= 79)
- Declined to participate (n= 82)
- Other reasons (n= 0)
Randomized (n= 88)
2 kl Allocation ,l \
Allocated to placebo (n=46) Allocated to amoxicilline (n=42)
- Received allocated intervention (n=46) - Received allocated intervention (n=42)
y | Follow-Up |
Lost to follow-up (n=5) Lost to follow-up (n= 2)
Discontinued intervention (n= 7) Discontinued intervention (n= 9)
- Treatment failure (n=6) - Treatment failure (n=2)
- Consent withdrawn (n=1) - Consent withdrawn (n=7)
y \| Analysis ,l
Analysed per protocol (n= 34) Analysed per protocol (n=31) ‘
- Excluded from per protocol analysis (n=12) - Excluded from per protocol analysis (n=11)
Analysed intention to treat (n=46) Analysed intention to treat (n=42)

acute otitis media) (P=0.1). The relative risk of treatment
failure was 2.15 (95% CI, 0.44 to 10.57) in the placebo group
compared to the amoxicillin group.

In the PP analysis of the presence of symptoms 3 days after
randomization, the two groups were comparable for most clini-
cal manifestations (Table 3). The prevalence of asthenia was
higher in the placebo group (P=0.006). Logistic regression
analysis that included clinical characteristics on day 1 did not
identify any factors independently associated with this symptom.

During the 12-month follow-up period (Supplementary
Table 2), no further suppurative or non-suppurative complica-
tions of GAS pharyngitis were reported in either group. A few
episodes of streptococcal pharyngitis recurrence were observed
and were equally distributed between the two groups.

Mean
Analysis difference 95%Cl
Per protocol 2.0 [-8.3 to 12.3]
Intention to treat 2.8 [-6.5 to 12.2]
Subgroup 6.0 [-1.7 to 14.3]

In the subgroup analysis of culture-confirmed partici-
pants, we observed a higher prevalence of positive throat
cultures at day 30 after randomization in the placebo group
(12/18, 67%) compared with the amoxicillin group (2/20,
15%) (P=0.002), with a relative risk of persistence of pos-
itive culture at 1 month of 4.44 (95% CI, 1.48 to 13.26).

Discussion

In this randomized, double-blind, multicenter clinical trial
including 88 children with GAS pharyngitis, antibiotic treat-
ment was of limited benefit on the duration of fever and
intensity of symptoms compared with placebo. However, it

non-inferiority
margin
[

T T T T lhours

-6 0 6 12 18 24

placebo non-inferior placebo inferior

Mean differences in fever duration are shown with 95% Cl in 3 populations: per protocol intention to treat; and the
subgroup of patients with culture-confirmed group A streptococcal pharyngitis.

Fig.2 Mean difference in fever duration between amoxicillin and placebo groups
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100 Table 2 Use of paracetamol or ibuprofen in the first 3 days following
randomization
- Amoxicilline group
—L_ Placebo group Placebo (n=34), Amoxicillin P value
2 N (%) (n=31), N (%)
c
o
E 50— ; A Paracetamol
5 ‘ Day 1 17 (50) 16 (51) 1.00
Day 2 17 (50) 13 (42) 0.62
Day 3 7(21) 5(16) 0.75
o Ibuprofen
hazard ratio for fever, 0.99 (95% CI, 0.75 to 1.31)
. i . . . . . Day 1 34 (100) 30 (97) 0.47
0 12 24 36 _ 48 60 72 Day 2 33(97) 29 (94) 0.60
Nmbee atrisk hours afier meluston Day 3 30 (88) 27 (87) 1.00
Amoxicillin 42 28 14 9 6 6 5
Placebo 46 29 19 16 8 6 4

Fig.3 Kaplan—Meier survival curve illustrating estimates of the pro-
portion of patients fever-free

is commonly observed that when prescribing antibiotics for
GAS pharyngitis, pediatricians are influenced by parental
pressure and expectations for rapid symptom relief [29]. Our
study findings show a marginal impact of amoxicillin on the
duration of fever and intensity of pain and could help moder-
ate such prescribing practices. Antibiotic overuse in children
poses risks beyond antimicrobial resistance [30] and is also
associated with adverse long-term health outcomes [31].
This calls for additional caution from physicians.

Fever duration
Our findings showed that amoxicillin could reduce the dura-

tion of fever by a maximum of 12.3 h in the PP analysis and
by a maximum of 12.2 h in the ITT analysis; these results are

—l- Amoxicilline group
—@— Placebo group

FPS-R score
S
|

days

Mean pain score are shown with 95%Cl
Abbreviation: FPS-R=Face Pain Scale-Revised

Fig.4 Daily throat pain score in the first 7 days after randomization
to amoxicillin or placebo
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reassuringly consistent. Although they slightly exceeded the
pre-established non-inferiority threshold of 12 h by 0.3 to
0.2 h (equivalent to 18 to 12 min), and therefore statistically,
we must reject the hypothesis of non-inferiority of the pla-
cebo over amoxicillin, clinically, this excess may be consid-
ered inconsequential. Our result complements and enriches
the existing literature, which only assessed the differences
between antibiotic therapy and placebo after 3 days of treat-
ment and not continuously, as in our study [32].
Interestingly, in the subgroup analysis of culture-con-
firmed GAS pharyngitis, the reduction in fever duration was
greater (up to 17.7 h), thus suggesting a better efficacy of
amoxicillin in culture-confirmed cases. However, this find-
ing raises concerns about potential false positives among
rapid antigen detection tests, which could dilute the effect of

Table 3 Clinical signs and symptoms at day 3 after randomization

Placebo (n=34), Amoxicillin P value
N (%) (n=31), N (%)
Throat pain 0.49
Absent 8 (12) 9(14)
Mild?* 13 (20) 13 (20)
Moderate” 10 (15) 9 (14)
Severe® 3(5 0
Asthenia 15 (44) 4 (12) 0.006
Headache 5(15) 1(3) 0.20
Abdominal pain 6 (18) 1(3) 0.10
Anorexia 11 (33) 10 (32) 0.9
Conjunctivitis 2 (6) 0 0.49
Earache 2 (6) 1(3) 1.00
Rhinorrhea 9 (27) 11 (35) 0.59
Cough 7(21) 5(16) 0.75
School absence 12 (37) 6(21) 0.17

P values in bold indicate statistical significance

2Mild Faces Pain Scale-Revised (FPS-R) score > 1 and <4
"Moderate: FPS-R score >4 and < 8

“Severe: FPS-R score > 8
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amoxicillin in cases of viral origin. The GAS rapid antigen
detection tests may be falsely positive because of cross-reac-
tion (e.g., with Streptococcus milleri) [33-35]. In addition,
throat cultures may have been falsely negative because of
non-viable GAS, resulting from suboptimal transport condi-
tions of the swab specimen or growth inhibition by Staphy-
lococcus aureus [34-37]. As the RADT was performed first,
discomfort or opposition from the patient during the RADT
might have led to less cooperation for the subsequent swab
collection for culture, potentially compromising the quality
of the sample and the detection of GAS by culture.

Nevertheless, this observation should be interpreted with
caution because of the small sample size, which resulted in
wider confidence intervals.

Pain and other symptoms

Although our study was not powered for this outcome, we
did not observe any difference in pain intensity between the
two groups, and the 1.8-point maximum difference observed
on day 3 may be clinically negligible. To our knowledge,
this is the first study reporting on pain intensity in addition
to its duration [38—41]. Of note, the knowledge gap on this
aspect has already been raised in the literature [32]. The
higher frequency of asthenia in the placebo group could be
because amoxicillin attenuates the inflammatory response
at an early stage, [42] which is probably responsible for this
symptom. However, this alone may not be sufficient to jus-
tify antibiotic therapy, especially considering that patients
who experience this symptom may be relieved with symp-
tomatic treatment.

Symptomatic treatment

Antibiotic treatment failed to reduce the use of paracetamol
and NSAIDs during the first 3 days, consistent with a previous
observation [41]. These data suggest that withholding antibiot-
ics in managing streptococcal pharyngitis does not necessarily
lead to a compensatory increase in symptomatic treatment.

Complications

Withholding antibiotic treatment for GAS pharyngitis car-
ries an increased risk of developing bacterial complications,
such as otitis media and tonsillar abscess, in the following
days. These findings are consistent with the results of the
most recent Cochrane review [14] on the subject. However,
it has already been suggested that these complications can
generally be treated as soon as they occur [41]. Indeed, all
patients in the placebo group who developed complica-
tions were promptly treated with antibiotics from the time
of diagnosis and with a rapidly favorable outcome. In par-
ticular, the only case of tonsillar abscess occurring 3 days

after randomization in a child in the placebo group was
promptly treated with antibiotics and the patient recovered
well without requiring surgery. Furthermore, the causal link
between GAS pharyngitis and tonsillar abscesses has been
questioned, and several studies have suggested that it is a
complication of an infection of Weber’s glands rather than
of pharyngitis [43, 44]. Therefore, an active follow-up with
a stepwise approach to antibiotic prescription seems rea-
sonable in countries where prompt access to healthcare and
medication is not an issue.

No cases of rtheumatic fever or post-streptococcal acute
glomerulonephritis were observed during the 12-month
follow-up period, although these two complications are
now extremely rare in high-income countries (less than
1 per 100,000 per year [45-47]). The incidence of acute
rheumatic fever has declined by 100- to 200-fold over the
past decade in high-income countries, [48] possibly because
of a decrease in rheumatogenic strains of GAS [49, 50]. In
addition, withholding antibiotic treatment is not expected
to influence the risk of post-streptococcal acute glomerulo-
nephritis, as previous studies have failed to demonstrate a
preventive effect of antibiotic treatment on this immunologi-
cally mediated complication [51].

GAS eradication

Amoxicillin was more effective than placebo in eradicating
GAS, as measured by throat culture 1 month after randomi-
zation. The three children in the amoxicillin group who were
still positive 1 month after could possibly be GAS carri-
ers [52]. In the placebo group, six participants had negative
throat cultures 1 month after randomization, and GAS was
likely eliminated by their immune system. Twelve partici-
pants were still culture-positive 1 month after randomization,
and we were unable to confirm whether they subsequently
became culture-negative. However, no complications were
reported during the 1-year follow-up, and only one patient
presented with a subsequent episode of GAS-positive phar-
yngitis 196 days after randomization. Because all patients
who were still culture-positive 1 month after randomiza-
tion were asymptomatic, we considered the persistence of
GAS to have no clinical significance. However, this finding
must be carefully analyzed, especially in the context of the
recent resurgence of invasive GAS infections, and suggests
the need for close epidemiological surveillance. Entry points
for invasive GAS infections are uncertain, and there is ongo-
ing discussion regarding the potential dissemination from
the throat. While some authors [53, 54] have suggested that
antibiotic treatment of streptococcal pharyngitis may reduce
transmission and decrease invasive infections, more recent
reports show that withholding antibiotic treatment for local
GAS infections does not seem to be a risk factor for consecu-
tive invasive GAS disease [55]. Furthermore, individuals
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with asymptomatic GAS infections have a low likelihood of
transmitting the infection [56]. Therefore, along with other
factors, Swiss health authorities have recently removed the
mandatory school exclusion requirement until 24 h of anti-
biotic treatment for children with streptococcal pharyngitis,
leaving the decision of school readmission to the discretion
of the physician, based on clinical conditions.

Limitations, strengths, and generalizability

The main limitation of this study is the sample size. How-
ever, a larger sample size would have likely resulted in a
smaller (or at most equal) but not a larger 95% CI for the
primary outcome. As such, we are inclined to cautiously
consider our results as conclusive, as the 95% CI of our find-
ing was nearly within the pre-defined non-inferiority margin
of 12 h. This trial focused on a condition most often treated
by primary care physicians. However, all three participating
emergency departments also serve as primary care centers
and see the same population as primary care physicians.
In addition, the diagnostic approach in the two settings is
similar and was reproduced in this study, which makes the
results generalizable to all settings in countries with good
access to medical care.

In contrast to previous studies on the treatment of GAS
pharyngitis that enrolled patients based on the prevailing
practice at that time, which was either clinical diagnosis
without microbiological confirmation or positive culture
of throat swab, our study is the first to use the rapid anti-
gen detection test for GAS as an inclusion criterion. This
approach enhances the generalizability and applicability
of our findings to current practice, with the risk of false
positive tests. Additional limitations include not performing
emm typing, relying on parent reports for most outcomes,
and the relatively high dropout rate, all secondary to parental
will to initiate antibiotic treatment.

Conclusions

In conclusion, our data suggest that the impact of antibiotic
intervention on both fever duration and pain intensity may
be marginal. Overall, our findings support a more restric-
tive attitude toward prescribing antibiotics. Effective patient
monitoring and symptomatic treatment may be sufficient
to manage GAS pharyngitis in children in high-income
countries. Although this could imply an increase in medi-
cal consultations, the modest benefits of amoxicillin could
be offset by concerns related to antibiotic overuse and the
demonstrated effectiveness of symptom-based treatments.
However, this approach, especially in light of the changing
epidemiology of GAS infections post-pandemic, [57] war-
rants careful epidemiological surveillance.

@ Springer
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