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Abstract
Group A Streptococcus (GAS) is one of the most important agents of oropharyngeal infection. To avoid unnecessary antibiotic
prescription, it is recommended the confirmation of GAS infection in pharyngeal swabs using culture or rapid antigen detection
test (RADT). This study aimed to retrospectively analyse the incidence of GAS oropharyngeal infection, detected by RADT, in a
paediatric population in the Centre of Portugal. Data was collected from the database of the Paediatric Hospital Emergency
Department (ED) regarding patients admitted with symptoms suggesting acute pharyngitis, from January 2013 to December
2018, in a total of 18,304 cases. Among these, 130 clinical files were searched for symptoms, complications and additional visits
to the ED. The results showed an average GAS infection prevalence of 33%, with seasonal variation. In preschool children,
especially in patients less than 3 years old, where the guidelines do not routinely encourage RADT, GAS tonsillitis assumed an
unexpected importance, with 731 positive tests in a total of 3128 cases. Scarlatiniform rash and oral cavity petechiae had
significant correlation with streptococcal aetiology (p < 0.05). The statistical analysis also showed that different signs and
symptoms assume different weights depending on the age group of the patient. The main conclusion is that the incidence of
GAS infection in the studied population is higher than generally described in preschool children, suggesting the need for a more
cautious approach to children under 3 years presenting acute pharyngitis, and that RADT in this age group would contribute to a
decrease in the number of unnoticed cases.

Keywords Streptococcus pyogenes . Group A streptococci . Pharyngitis . Rapid antigenic detection test . Acute tonsillitis . Sore
throat

Introduction

The term “tonsillitis” is used to indicate the presence of in-
flammation in the lymphoid tissue that lies between the

palatoglossal and palatopharyngeal arches of the oral cavity
(palatine tonsils). Since inflammation generally progresses to
and associates with Waldeyer’s ring pathology, the terms
“pharyngitis” and “adenotonsillitis” are often considered
equivalent [1]. Being one of the most common causes of fever
in children, it is one of the main reasons for seeking medical
care [2, 3] and for school or work absenteeism (with an esti-
mated cost ranging from US $224 million to US $539 million
per year in the United States of America) [4].

Acute pharyngeal infections can be caused by a wide vari-
ety of microbial agents, mainly with viral aetiology (40%),
with a benign and self-limited evolution, with bacteria ac-
counting for about 30% of these infections. The remaining
cases have no identified causal agents associated [2, 5].
Among bacteria, group A Streptococcus (GAS) is the most
frequent [5–7] with an estimated 616 million new cases of
GAS tonsillitis per year worldwide [8]; GAS is responsible
for 15–30% of acute tonsillitis in children and 5 to 10% in
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adults [6], with the exception of very rare bacterial agents,
including Corynebacterium diphtheriae , Neisseria
gonorrhoeae and Arcanobacterium haemolyticum [37]. In
the case of GAS infection, antimicrobial treatment has proven
benefits: faster symptomatic relief, decreased risk of transmis-
sion and, most importantly, prevention of suppurative (cervi-
cal lymphadenitis, retropharyngeal or peritonsillar abscess,
sinusitis, otitis media and mastoiditis) and non-suppurative
complications (particularly acute rheumatic fever, if treatment
is started within 9 days after the onset of symptoms) [6, 7, 9].

There is no international consensus on the most appropriate
method to address acute tonsillitis, and standard clinical prac-
tice varies across countries. Most guidelines that recommend
antibiotic treatment also encourage confirming GAS presence
through the collection of pharyngeal exudate [10], avoiding
unnecessary prescriptions and preventing possible disease
complications. However, in countries such as the UK,
Belgium or Netherlands, oropharyngeal swabs are not recom-
mended. This maybe justified by different epidemiological
issues (e.g. the prevalence of rheumatic fever), what
Cochrane named as “clinical traditions”, different health sys-
tems and policies or the lack of reliable data on the incidence
of complications and on the effectiveness of antibiotics in their
prevention [1, 10].

In Portugal, the clinical guidelines (CG) 020/2012 issued
by the health authorities recommend, with some exceptions,
the aetiological screening for tonsillitis in paediatric patients
aged 3 or over. Since there is a clinical similarity between
streptococcal and non-streptococcal tonsillitis, and since the
use of clinical scores is not recommended in children [11, 12],
the recommendation is to confirm the presence of GAS by
rapid antigen diagnostic test (RADT), and/or bacteriological
culture. Cases in which clinical and epidemiological charac-
teristics strongly suggest a viral aetiology—cough, rhinorrhea,
hoarseness, diarrhoea, conjunctivitis and oral ulcers [7, 13]—
are dismissed from these procedures.

The vast majority of RADTs, besides providing almost
immediate results (minute-result period contrasting with the
18–48 h required for culture), have high specificity (> 95%)
when compared to culture (reference method), promoting the
confidence of the clinician to trust in a positive result.
However, the sensitivity and specificity of these tests vary
from 66 to 95% between studies [1, 7, 14, 15], meaning that
a negative test result might prompt the clinician to ask for a
verification culture [7].

According to the described, this study aimed, first and fore-
most, to characterise the oropharyngeal streptococcal infec-
tion, diagnosed by RADT, in children admitted to the
Emergency Department of the paediatric hospital of Centro
Hospitalar e Universitário de Coimbra (CHUC), in the central
region of Portugal, during a 6-year period and to assess the
adequacy of the local clinical practice with the clinical guide-
lines and worldwide epidemiology.

Materials and methods

Following ethical approval by the Ethics Committees, we
analysed the data available in the paediatric hospital at the
Centro Hospitalar e Universitário de Coimbra (CHUC) data-
base of all RADTs performed from throat swabs in patients
admitted to the Emergency Department (ED) of this hospital
from 1 January, 2013, to 31 December, 2018 in a total of
18,336 cases. From these, only 18,304 cases were considered
for this study because patients older than 18 years were exclud-
ed (n = 6), and tests with an inconclusive result were also ex-
cluded (n = 26). During the period in study, the RADT used for
the qualitative detection of streptococcal antigens in samples
from oropharynx swabswas the rapid immunochromatographic
test BIOSYNEX® Strep A (Fumouze Diagnostics, France),
with sensitivity and specificity (both related to culture) of, re-
spectively, 94.4% (95% CI: 88.7–97.7%) and 97.3% (95% CI:
94.6–98.0%).

The tests carried out on adults (18 years or older), and the
tests whose results were considered inconclusive were exclud-
ed. In total, the study was based on the information of 18,304
patients who performed rapid antigenic tests; parameters such
as sex, age, harvest date and result of the RADT were taken
into account in the descriptive statistical analysis.

Additionally, a group of 130 clinical files were consulted
and thoroughly analysed to detect symptomatic patterns and
additional visits to the ED; this group included patients be-
tween 2 and 10 years old (the age group with the largest
number of streptococcal tonsillitis cases), and the analysis
focused on both the signs and the symptoms presented as well
as on their possible predictive value for detecting tonsillitis
aetiology. Among these, 3 were excluded due to insufficient
records, 79 had RADT-positive result and 48 were RADT-
negative. A subgroup of 40 clinical files of patients under
the age of 3 was also analysed—a group where the search
for GAS is not routinely recommended—in order to verify
the criteria for excluding the use of RADT.

The data obtained was treated using Microsoft® Excel®
(Microsoft Office 365 ProPlus, version 16.0.11328.20390)
and, when possible, compared with the existing literature.
Linear regression tests (least squares method) were used to
assess the possibility of associating symptoms and aetiology,
with a p value < 0.05 being considered statistically significant.

Results

Characterisation of RADT results

This study included the RADT results of 18,304 patients, with
a mean age of 6.29 ± 4.20 years (0–17 years), with 52% (n =
9445) of males and 48% (n = 8859) females. The annual per-
centage of bacterial aetiology cases ranged from a minimum
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of 27% in 2018 to a maximum of 39% in 2017 (Fig. 1), with
an average GAS prevalence of 33% (6038 positive tests), with
no differences between gender. In streptococcal tonsillitis
cases, the mean age was 6.24 ± 3.74 years. At the hospital
under study and during the period considered, the registration
of RADT increased constantly every year, with the exception
of 2015.

Among the tested children, 15,176 (83%) were between 3
(inclusive) and 18 years old (exclusive); 3128 (17%) were
younger (Fig. 2), corresponding to the age group for which
the Portuguese clinical guidelines (CG) do not advise GAS
test by default. The peak incidence of both acute tonsillitis
(2502 RADT performed) and the highest number of strepto-
coccal infection cases (863 positive tests) were registered in
children aged 3 years old. The minimum number of tests per-
formed was associated with 15-year-old patients (n = 379),
and the minimum number of streptococcal tonsillitis (n = 86)
was registered in patients aged 16 (Fig. 2). All age groups had
a higher frequency of non-streptococcal aetiology, but in chil-
dren with 4 to 10 and with 12 years, the GAS prevalence
exceeded 35%, reaching its maximum in 9 years old patients
(40%).

The analysis of the GAS prevalence in preschool children
(≤ 5 years; Table 1) showed that although a rare pathology in
children under 6 months (only 3 positive RADT in the 6-year
period considered for this study), streptococcal tonsillitis as-
sumes unexpected importance in patients younger than 3 years
old; in this age group, where the CG does not routinely en-
courage the performance of RADT, 731 positive tests were
registered in a total of 3128 clinical cases (23%).

Since the incidence of this infection is considered to be
influenced by seasonal cycles, we looked at the variation ac-
cording to the month. It was found that June and September
were the months with, respectively, the highest (n = 1887) and
lowest (n = 965) number of RADT performed. December was
the month where more tonsillitis cases had GAS aetiology
(n = 661) and August the month with the lower number of
positive tests (n = 269). In May, June, October, November

and December, the GAS prevalence rates were above 35%,
with the maximum value occurring in November (39%).
August was the month with the lowest percentage of strepto-
coccal tonsillitis (25%) (Fig. 3).

The higher incidence of GAS infection was registered dur-
ing spring and autumn, when, in Portugal, traditionally milder
temperatures are registered. This was registered in all the years
included in the study (Fig. 4a and b). Interestingly, the per-
centage of positive RADT peaked in May 2017 (49%, maxi-
mum GAS prevalence recorded in this study) and sharply
declined in August every year. Illustrative of this tendency is
the fact that the lowest percentage of positive RADT docu-
mented in this 6-year period (17%) was obtained in August
2013 (Fig. 4a). The monthly prevalence in each year (Fig. 4b)
clearly shows the season cycle of this pathology.

Clinical data analysis

Among the 18,304 total RADT performed from 2013 until
2018, we randomly selected (using https://www.random.org)
130 patients whose clinical case files were carefully analysed
concerning the symptoms registered by the paediatrician at
hospital admission and additional visits to the Emergency
Department. This group included patients of the age group
with the largest number of streptococcal tonsillitis cases (2
to 10 years; a total of 13,842 cases). Three of these cases
were excluded due to insufficient records. In the remaining
127 cases included in this analysis, 79 GAS-positive RADT
and 48GAS-negative, the most frequently described signs and
symptoms were fever (83%), tonsillar hyperaemia (73%),
odynophagia (73%) and tonsillar hypertrophy (43%). These
4 symptomswere also the most common, although in different
proportions, both in streptococcal and in non-streptococcal
tonsillitis (Supplementary information) (Fig. 5).

The statistical analysis of all the results showed that GAS
tonsillitis is statistically correlated with the presence of
scarlatiniform rash (p < 0.05) and palatal petechiae
(p < 0.05). These signs increase the probability of a
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Fig. 1 Rapid antigenic diagnostic
tests (RADT) performed per year
(2013–2018) at the paediatric
hospital of CHUC, at the central
region of Portugal. The results,
deposited at the hospital database,
represent the number of patients
attended during the considered
period, with a suspicion of strep-
tococcal pharyngitis and that
made RADT, in a total of 18,304
clinical cases. The bars represent
the absolute number of RADT
performed and the positive results
per year; the line represents the
percentage (%) of positive RADT
results
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streptococcal cause by 33 and 23 percentage points, respec-
tively. None of the analysed remaining variables showed sim-
ilar statistical behaviour (Table 2).

However, when considering the subgroup of children un-
der 3 years old (n = 38), scarlatiniform rash is the only sign
that shows a positive statistical correlation (p < 0.05) with the
bacterial aetiology (Supplemental information). Using the
same linear regression analysis with results gathered from
children between 3 and 10 years old (n = 89), we found a
significant statistical correlation between bacterial tonsillitis
and both cough and the presence of palatal petechiae. We also
found p values < 0.05 for anterior rhinorrhoea and abdominal
pain (Supplemental information), suggesting a higher proba-
bility of a non-streptococcal cause.

Only 7 (18%) of the 38 clinical cases of patients with less
than 3 years contained information of significant epidemio-
logical context (close contact with confirmed GAS infection).

All patients with a positive RADTwere treated with amox-
icillin 50 mg/kg/day 2 ID, during 6 to 10 days. Seven patients
with negative tests underwent antibiotic due to several rea-
sons: (i) empiric therapy prescribed by the general practitioner
(n = 2) without undergoing RADT (antibiotic was suspended
during observation in the Emergency Department); (ii) justi-
fied by a concomitant clinic of acute otitis media (n = 2); (iii)
due to worsening condition despite symptomatic relief mea-
sures (n = 1); (iv) in a prophylactic context after rat bite (n = 1)

and, (v) due to difficulties in obtaining the oropharyngeal
swab in an uncooperative patient with a significant epidemi-
ological context (n = 1).

Tonsillitis complications were not detected in the selected
clinical files. There were, however, four cases of additional
visits to the Emergency Department in the 30 days following
the first visit. Among these, only one patient, who returned
2 days later with a suspected encephalitis, had a negative
RADT. In the remaining three cases, one child returned 2 days
later (on the fifth day of illness) due to fever aggravation, with
a suspected viral tonsillitis, and confirmed as asymptomatic
GAS carrier; another patient returned after 10 days with sim-
ilar complaints and still tested positive for GAS (inadequate
duration of treatment - patient abandoned antibiotic after
5 days). Finally, a patient returned after 9 days, 2 days after
completing antibiotic treatment, due to the appearance of a
generalised maculopapular rash—suspicion of a late allergic
reaction to amoxicillin.

Discussion

Streptococcus pyogenes , also known as group A
Streptococcus (GAS), is an important human pathogen re-
sponsible for a wide spectrum of diseases. It causes disease
especially in children, where superficial infections of the
throat due to streptococcal infection are common [16]. This
study constitutes a retrospective analysis of GAS pharyngitis
in children who attended a paediatric hospital in the central
region of Portugal and were subjected to RADT.We analysed
18,304 cases, registered from 1 January 2013 to 31 December
2018, and we believe that, when compared with other pub-
lished data, the 6-year period of study allied to the particularly
large sample size enabled a more robust investigation. Our
results showed an average GAS prevalence of 33% (27–
39%), similar to those reported by several studies held in
Spain [17–19], who presented streptococcal prevalence of,
respectively, 28.2%, 34.1% and 38.7%. These values show
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Table 1 Number and percentage of positive RADT performed in
preschool children (≤ 5 years)

Age (in years) Total RADT Positive % of positive

≤0.5 30 3 10

(0.5–1) 1256 228 18

2 1842 500 27

3 2502 863 34

4 2290 846 37

5 2014 783 39
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similar microbiological findings between the two countries,
probably sustained not only by the close historical coexistence
between Portuguese and Spanish populations but also due to
similar geography and climate. In a broader context, a review
[1] that analysed 98 studies from multiple countries, with a
total of 101,121 participants, reached an average prevalence of
29.5% for streptococcal infection. In what regards the
Portuguese regional data variability, the percentage of strep-
tococcal tonsillitis we registered differs from the results pre-
sented before [2, 15]. The differences may be explained by the
size of the population studied and the period of the year(s)
considered, including cyclical fluctuations in the rate of infec-
tion only detectable in longer studies [20].

Traditionally, a higher incidence of infectious oropharynx
pathology is described in early spring and winter [6, 21].
However, our results show that a higher incidence of GAS is
registered during spring and autumn months, more precisely,
in May and June, a result that corroborates the findings of
Contessotto Spadetto and co-workers [17], and during
October, November and December, seen as an autumn peak.
Despite the slight differences, probably explained by climatic
variations throughout different countries and regions, it can be
concluded that this is a seasonal pathology. This has been
reported before [22], but the novel conclusion that can be
drawn from the data we gathered is that there is that strepto-
coccal tonsillitis cases significantly drop in February and
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August. Especially in February, a very cold and humid month
in Portugal, it would be expected a higher number of cases,
has reported in other studies [23].

Another relevant aspect related to GAS is that it’s usually
described low prevalence in children under 5 years of age. In
fact, there are several studies showing this, in different coun-
tries and regions, such as Australia [24], Spain [25] and Israel
[26]. In this last study, the authors claimed that only 33 (8%)
would be true streptococcal infections, while the remaining 28
(6.7%) would be asymptomatic GAS carriers with tonsillitis
due to viral superinfection. In literature, carriers (9 to 14% of
healthy children) [27] are generally defined as patients with
positive oropharyngeal cultures but without a specific immune
response against GAS—such as increased anti-streptolysin O
and anti-DNase B antibodies [1, 13, 26]. Nevertheless, the
results obtained by us in this age group are similar to those

described in Israel [28], reporting 26.4% positive oropharynx
cultures in a group of symptomatic children; GAS was also
detected in 6.7% of children in the control group (without
symptoms), classified as asymptomatic carriers. Another
study [29] described a GAS prevalence of 29% in children
under 3 years old with complaints suggesting acute tonsillitis.
In this context, and even though the Portuguese CG 020/2012
does not recommend testing for GAS in children with acute
tonsillitis under the age of 3 years (unless there is a close
contact with confirmed GAS infection), we believe that our
results, which reflect the clinical practice of a paediatric hos-
pital, indicate the importance of a revision of this directive.
This would decrease the number of unnoticed cases and, con-
sequently, a better therapeutic course would not be denied to
an important section of the paediatric population. Although
children under 3 years of age rarely develop non-suppurative
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RADT-negative (GAS (−): group
A Streptococcus–negative) or
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Table 2 Most frequently
described signs and symptoms
and statistical relationship with
RADT positivity in the group of
children with the highest
incidence of GAS tonsillitis (n =
127 clinical cases; 2–10 years)

Symptom Total GAS (+) GAS (−) p Coefficient

Fever 106 (83%) 64 (81%) 42 (88%) 0.638 −0.055
Odynophagia 93 (73%) 61 (77%) 32 (67%) 0.144 0.142

Hyperaemia 93 (73%) 57 (72%) 36 (75%) 0.775 0.027

Tonsillar hypertrophy 55 (43%) 31 (39%) 24 (50%) 0.678 −0.037
Exudate 33 (26%) 19 (24%) 14 (29%) 0.884 −0.014
Cough 29 (23%) 19 (24%) 10 (21%) 0.172 0.153

Anterior rhinorrhoea 29 (23%) 15 (19%) 14 (29%) 0.193 −0.152
Vomiting 27 (21%) 12 (15%) 15 (31%) 0.204 −0.138
Epidemiological context 23 (18%) 12 (15%) 9 (19%) 0.729 0.037

Scarlatiniform rash 21 (17%) 20 (25%) 1 (2%) 0.005* 0.328

Palatal petechiae 19 (15%) 17 (22%) 2 (4%) 0.049* 0.233

*Variables with a statistically significant association with streptococcal tonsillitis
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complications, this age group can represent a source of strep-
tococcal infection for older children, constituting a potential
epidemiological risk factor for rheumatic fever [26].

In respect of the data concerning signs and symptoms, our
study was limited to 127 clinical files randomly selected
among the age group with the highest number of number of
streptococcal tonsillitis cases, what can be considered a limi-
tation in our data analysis. However, we believe that it can
give important information about issues related to the clinics
of this infectious pathology. In this context, fever,
odynophagia and tonsillar hyperaemia and hypertrophy were,
as expected, the most frequent findings, as corroborated by
others [21, 22, 30]. Neither the symptoms nor the GAS results
were influenced by the day from onset (data not shown). The
linear regression analysis showed that the signs and symptoms
present at the time of diagnosis assume different weights de-
pending on the patient’s age group. Thus, although there are
no pathognomonic signs, there are clinical characteristics that
increase the pre-test probability of a streptococcal cause: (i) in
all 127 clinical cases analysed (ages between 2 and 10 years),
the presence of a scarlatiniform rash and the detection of pal-
atal petechiae were the only features that correlated positively
with a positive RADT; (ii) for children under 3 years of age, it
was found that scarlatiniform rash increased the likelihood of
GAS tonsillitis by 67 percentage points (Supplemental
Results), but the presence of palatal petechiae lost the statisti-
cal weight it had when the whole sample was considered; iii)
in patients in the age group between 3 and 10 years, we found
not only a statistically positive association between strepto-
coccal tonsillitis and the presence of cough and palatine pete-
chiae but also a correlation between anterior rhinorrhoea and
abdominal pain with the non-streptococcal cause.

These results are different from those presented by
others who indicate that there is a significant streptococcal
aetiology association with odynophagia, inflammatory
adenopathy and rash [17], or with cough, scarlatiniform
rash, tonsillar exudate, palatine petechiae and tonsillar hy-
pertrophy [2] or, with the absence of cough, adenopathies
and the use of a modified Centor score [30]. For sure, the
relevance of cough is not consensual. The results reported
in our study show some discrepancies with the consulted
guidelines, the Portuguese CG 020/2012 and the Clinical
Practice Guideline for the Diagnosis and Management of
Group A Streptococcal Pharyngitis by the Infectious
Diseases Society of America [7] describing the signs and
symptoms more suggestive of a bacterial aetiology (fever,
headache, nausea and vomiting, abdominal pain, petechi-
ae, exudates, adenopathies, scarlatiniform rash or signifi-
cant epidemiological context) or a viral cause (conjuncti-
vitis, cough, hoarseness, runny nose, oral ulcers, diar-
rhoea, viral rash or absence of fever). These discrepancies
may be due to different sample sizes, statistical methods
with different robustness or inter-individual particularities

in response to environmental aggressions. Nevertheless,
they seem to indicate that the overlap in acute tonsillitis
presentation is significant, even with aetiologies so differ-
ent in nature that it does not allow the purely clinical
distinction of the causal agent [1, 7, 13, 14].

When considering tonsillitis, although the disease is mostly
self-limited, it is important to consider the post-infection com-
plications, suppurative or non-suppurative. In our study, no
complications of tonsillitis were detected in the consulted clin-
ical files (n = 130); however, there were cases of children with
positive RADT who returned to the Emergency Department
within 1 month after the first visit. According to Piñeiro Perez
and collaborators [25], suppurative complications occur in 1–
2% of GAS acute tonsillitis not treated with antibiotics or after
inadequate/incomplete treatment. Although the role of antibi-
otics is not perfectly defined in the remaining non-suppurative
complications, it is known that, if effective in eliminating
GAS, it reduces the risk of rheumatic fever by about 90%
[32]. Nowadays, despite being a rare disease in developed
countries, with an average annual incidence of 0.5 cases per
100,000 inhabitants, it remains as the leading cause of ac-
quired cardiac pathology in children from poorer regions such
as sub-Saharan Africa, India and parts of Australasia [1, 25,
31, 33]. The risk of developing rheumatic fever due to untreat-
ed tonsillitis is about 1%; its prevalence is closely related to
the infectious GAS serotype but also to a genetic predisposi-
tion of the host, especially when there is cardiac involvement
[16, 32]. The treatment, like the testing, for GAS has been
described as having advantages and disadvantages [23, 34].
A prospective study in a cohort of 200 children showed that
poor compliance with antibiotic treatment does not affect the
incidence of complications [35]. Other prospective studies are
currently progressing towards a more accurate knowledge
about aspects related to GAS infection [36].

As a conclusion, our study shows that the prevalence of
streptococcal tonsillitis in the centre of Portugal is in line with
numerous studies conducted in several other countries.
However, the percentage of GAS in preschool children, and
especially under 3 years of age, proved to be higher than that
reported by other authors and, most importantly, higher than
the value accepted by clinical guidelines. We believe that this
study will help to adapt the approach of both hospital teams
and primary care units to paediatric patients with symptoms
suggestive of acute tonsillitis. It indicates that it would be
advisable to revise the currently available guidelines or to
carry out further studies to assess the need for this revision.
Like other authors, we found that the patient’s symptomatic
condition is not enough to clearly indicate the aetiology of
acute tonsillitis. This, together with the advantages of rapid
sensitive tests, indicates that RADT is an important diagnosis
resource in the prompt definition for the need of therapy,
preventing post-infection complications or avoiding unneces-
sary antibiotic prescription.
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