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ORIGINAL ARTICLE

Group A streptococcal infection in
patients presenting with a sore throat at
an accident and emergency department:
prospective observational study
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Objectives. To determine the prevalence of group A streptococcal infection and
to evaluate the predictive value of clinical findings and rapid streptococcal antigen
detection testing in patients presenting with a sore throat or suspected clinically
to have acute pharyngitis.

Design. Prospective observational study.

Setting. Accident and emergency department of a public hospital, Hong Kong.
Patients. All patients presenting with a sore throat as the chief complaint, or
suspected clinically to have acute pharyngitis, from April to September 2000.
Main outcome measures. Demographic data, clinical features, microbiological
throat culture results, and rapid streptococcal antigen detection (Accustrip) test
results.

Results. Of 1449 patients recruited during the 6-month study period, only
44 (3.0%) had positive throat culturesfor group A beta-haemolytic streptococcus.
Themajority of group A beta-haemolytic streptococci were isolated from patients
between the age of 3 and 60 years. Clinical findings other than an absence of
cough were found to be unhelpful in predicting group A beta-haemolytic
streptococcal throat infection. The sensitivity of the rapid group A streptococcal
antigen detection test was 52.6% and the specificity was 98.2%.

Conclusions. The prevalence of group A beta-haemolytic streptococcusin patients
presenting with a sore throat, or suspected clinically of having acute pharyngitis,
was low. If empirical antibiotics were given to all such patients, 97% of
them would be unnecessarily treated. Age and absence of cough were the only
clinical findings helpful in predicting the presence of group A beta-haemolytic
streptococcal throat infection. The rapid group A streptococcal antigen detection
test can provide aquick guide to clinicians on the necessity of antibiotic therapy.
However, a confirmatory throat culture backup is recommended for patients with
anegative test result.
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Introduction

Acute sore throat or pharyngitisis one of the most common
presenting problemsin emergency departments' and primary
care clinics.? Acute pharyngitis (inflammation of the
oropharynx) usually occursin response to colonisation by a
respiratory pathogen, of which there are many examples.®
Viruses are the most common cause of acute pharyngitis.
Such sore throats accompanying a ‘cold’ or ‘flu’ usually
resolve without antibioticsin 2 to 4 days.

Most common bacterial isolates (eg groups C and G beta-
haemolytic streptococci) produce a self-limiting infection
with no significant sequelae. However, oropharyngeal
infection with group A beta-haemolytic streptococcus may
have serious consequences if left untreated, eg rheumatic
heart disease and glomerulonephritis. The incidence of post-
streptococcal rheumatic heart disease has decreased
compared with 50 years ago, although it still occurs, while
that of post-streptococcal glomerulonephritis has essentialy
disappeared. Overdl, the incidence of severe complications
islow.*

Group A beta-haemolytic streptococcal (GABHS)
infection is the most common form of acute pharyngitis
for which antibiotic therapy is definitely indicated.> Group
A beta-haemolytic streptococcal throat infection and its
complications constitute a significant health problem, not
only in devel oping countries, but also in devel oped countries.
The prevalence of GABHS pharyngitis in Hong Kong is
unclear. However, the recent resurgence of GABHS
pharyngitis and its complications among middle-class North
American families attests to the continued importance of
this pathogen, even in more affluent populations.®

Unfortunately, there has been no significant change
in control measures used in the past half century, with
changes being confined mainly to accurate diagnosis
followed by appropriate antibiotic therapy. Doctors at emer-
gency departments or out-patient clinics always face the
dilemmawith patients presenting with sore throats or acute
pharyngitis of whether to prescribe an antibiotic, teke athroat
swab, or simply offer some words of comfort. The empirical
use of antibiotics has no benefit in treating non-bacterial
sore throats and, moreover, exposes patients to unnecessary
hazards and expenses. In addition, over-prescribing of
antibiotics may subsequently lead to the emergence and
spread of multiple drug-resistant bacteria. At the same
time, doctors need to diagnose GABHS throat infection
correctly for early treatment to begin in order to prevent
complications—something that is difficult to do based on
clinical grounds alone. Some authorities recommended using
the Breese score as a clinical tool for the diagnosis of
GABHS pharyngitis.” Breese,® Walsh et al,° Centor et al,*°
and Dagnélie et d* have demonstrated that the combination
of four clinical features (fever >38°C, absence of cough,
tonsillar exudates, and anterior cervical lymphadenopathy)
is highly suggestive of GABHS pharyngitis. However,
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these clinical scoring systems have proven unsuccessful in
other studies, with negative predictive values of 38% to 88%
and positive predictive values of 39% to 59%,2¢ and
correlated poorly with microbiological data.'>"®

Throat swabs, which are considered to be the gold
standard for diagnosing GABHS pharyngitis, take at least 1
to 2 days for the results to become available and add to the
overall expense. The demonstration of afour-fold risein
serum antistreptolysin-O titre may indicate recent infection
with group A beta-haemolytic streptococcus. However,
serum antistreptolysin-O titre measurement is not practical
in the acute management of throat infections. In this respect,
therapid group A streptococcal antigen detection test (RAT)
may have arole in confirming the diagnosis of group A
streptococca pharyngitis. The sensitivity of RAT measured
against throat swab culture varies between 61% and 95%,
whereas its specificity varies between 88% and 100%.’

In Hong Kong, management strategies for patients with
sore throat or acute pharyngitis vary significantly among
clinicians. A study of thelocal prevalence of GABHS throat
infection, together with the predictive values of clinical
findings and RAT, would facilitate the construction of a
systematic management protocol for patients presenting with
an acute sore throat.

M ethods

This study was conducted over a 6-month period from
1 April to 30 September 2000 in the Accident and Emergency
(A&E) Department of North District Hospital—a district
general hospital serving a population of about 270000.
All patients who presented to the A& E Department with a
sorethroat astheir chief complaint, which was suspected to
be infective in origin, were recruited into the study. The
study was approved by the Ethics Committee of the hospital.

After consultation, the attending doctors completed a
data sheet for every recruited patient, which recorded
information including age, sex, body temperature, duration
of sore throat, rhinorrhoea, cough, pharyngea erythema,
tonsillar exudates, anterior cervical lymphadenopathy,
scarlatiniform rash, peritonsillar cellulitis or abscess, and
antibiotic treatment in the preceding 14 days. Patients
who presented with a sore throat after vomiting, prolonged
cough, and foreign body or corrosive fluid ingestion were
excluded. As the management of peritonsillar cellulitis or
abscess necessitated intravenous antibiotics, this group of
patients was subsequently excluded from further analysis.
In addition, patients whose complaints were essentially
a common cold or influenza, or who had taken antibiotic
treatment in the preceding 14 days, were excluded. Each
patient was entered once only for similar symptoms, regard-
less of the number of attendances.

If, after consultation and recruitment, antibiotic treatment
was clinically indicated in a patient on account of suspected
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GABHS throat infection, two pharyngeal swabs were taken.
These were obtained by firmly swabbing the tonsillar crypts
bilaterally and the posterior pharyngeal wall with a cotton-
capped swab. One of the swabs was then sent to the
microbiology laboratory for culture. Briefly, the swabswere
inocul ated on 5% horse blood agar and incubated aerobically
for 48 hours. Beta-haemolytic colonies with streptococcal
morphological features were sero-grouped by the latex
agglutination test. The Kirby-Bauer test was used to deter-
mine the sensitivity of beta-haemolytic streptococci to
penicillin, erythromycin, and trimethoprim/sulfamethoxazole.

The other throat swabs were used for RAT, ie the
detection of GABHS antigen by enzyme-linked immuno-
assay (Accustrip, Jant Pharmacal Corporation, US). Thetest
consisted of a membrane strip, which was precoated with
rabhit antistreptococcal A antibody on the test band region
and goat antirabbit antistreptococcal A antibody on the
control band zone. The swabs werefirst put into the extrac-
tion reagents, followed by the test strips. Test results were
available within 10 minutes. The sensitivity and specificity
quoted by the manufacturer were 94.8% and 96.2%, respect-
ively. The positive predictive value claimed was 90.2% and
the negative predictive value was 98.1%. However, there
was a detection limit of 2.5 x 10° organisms per test.

The RAT result was recorded on the patient’s data sheet
and used to guide antibiotic therapy as follows:

« Patients with a positive RAT result were prescribed a

standard 10-day course of antibiotic therapy (penicillinV

500 mg four times daily in adults or 10 mg/kg four times
daily in children)*;

* Patients with a negative RAT result were given 2 days
of antibiotic therapy. If the culture results were positive,
they were called back and given oral penicillinV for a
further 8 days®%; and

* For patients hypersensitive to penicillin, erythromycin
(500 mg twice daily in adultsand 15 mg/kg up to 500 mg/kg
three times daily in children) was used.

If antibiotic treatment was not clinically indicated, RAT
was not performed and a throat swab was taken for culture
only. These patients were given symptomatic treatment
without antibiotic therapy, while waiting for the culture
result.

In terms of diagnostic value, the clinical findings were
compared with the culture results using Chi squared analysis
and Fisher’'s exact test. Statistical significance was as-
sumed for P<0.05. The diagnostic value of RAT in GABHS
pharyngitis was also evaluated.

Results

During the 6-month study period, 1491 patients were
recruited into the study. Of these, 26 were excluded because
of incomplete data from the data sheet or culture. A further
16 who were suffering from peritonsillar cellulitis or abscess
were also excluded (Fig). Of the remaining 1449 patients,
776 were male and 673 were female (malefemale=1.15:1).

| Total attendance (64 415)*

Y

| Not present for

consultation (2181) |

| Chief complaint: sore throat (1491) |<—| Total consultations (62 234) |—>| Chief complaint: not sore throat

| Incomplete data (26) |

Y

| Peritonsillar cellulitis (16) ——————| Throat swabs (1449) |

URTI (10170)

Other diagnosis (50589)

Clinically suspected GABHS*
throat infection

Antibiotic prescribed
Diagnosis: pharyngitis

Clinically GABHS throat infection
not suspected

Symptomatic treatment
Diagnosis: URTI

RATS (514) | Throat culture only (935) |
Y Y [ Y
| RAT positive (19) | | RAT negative (495) | Culture positive (25) Culture
(called back and negative (910)
* * treated for 10 days)
Culture Culture Culture positive (9) Culture
positive (10) negative (9) (called back and negative (486)
treated for 8 days)

* No. of patients are shown in brackets + GABHS group A beta-haemolytic streptococcal
T URTI upper respiratory tract infection § RAT rapid group A streptococcal antigen detection test

Fig. Schematic diagram of group A beta-haemolytic streptococcal pharyngitis study
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Table 1. Microbiological findings in patients presenting with a
sore throat

Bacterial pathogen Patients
No. (%)
Commensals 1294 (89.3)
Beta-haemolytic streptococcus
Group A 44 (3.0)
Group C 5(0.3)
Group G 38 (2.6)
No growth 68 (4.7)
Total 1449 (100)

Table 2. Antibiotic sensitivity testing of beta-haemolytic
streptococci

Beta- Antibiotics

haemolytic Penicillin  Erythromycin  Trimethoprim/
streptococcus sulfamethoxazole
Group A 100% 65.9% 91.0%
Group C 100% 80.0% 100%
Group G 100% 65.8% 94.7%

Microbiological culture

The throat culture results are shown in Table 1. Group A
beta-haemolytic streptococcus was isolated in only 3.0%
of the cultures. All GABHS isolates were susceptible
to penicillin, 91% to trimethoprim/sulfamethoxazole,
and 65.9% to erythromycin (Table 2).

All group C beta-haemolytic streptococcal isolates were
sensitive to penicillin and trimethoprim/sulfamethoxazole,
and only one strain was resistant to erythromycin. All
group G beta-haemolytic streptococcal (GGBHYS) isolates
were susceptible to penicillin, 94.7% to trimethoprim/
sulfamethoxazole, and 65.8% to erythromycin.

Age factor

Patients’ ages ranged from 6 months to 94 years (mean,
17.8 years). Group A beta-haemolytic streptococcus was
isolated from one patient aged 3 years; without exception all
other patientsin whom this organism was detected were ol der
than 3 years. Children with GABHS pharyngitis were, on
average, younger than those with non-GABHS pharyngitis.

Therapid group A streptococcal antigen detection
test findings

The RAT was positive in 19 out of 514 tests (Table 3). The
sensitivity of the Accustrip was 52.6% and the specificity
was 98.2%. The positive and negative predictive values
of the Accustrip were also 52.6% and 98.2%, respectively.
The likelihood ratio for a positive test was 28.9 and for
anegative test it was 0.48.

Table 3. Rapid streptococcal antigen detection (Accustrip)
test versus throat culture result for group A beta-haemolytic
streptococcus

Accustrip result Throat culture result
Positive Negative Total
Positive 10 9 19
Negative 9 486 495
Total 19 495 514

Group A streptococcal throat infection

Clinical features

In this study population, cough (67.9%) was more often
associated with growth of commensals than group A beta-
haemolytic streptococcus in throat culture. Conversely, the
absence of cough was significantly associated with GABHS
pharyngitis (P<0.01).

Therewas no statistically significant association between
fever 238°C or rhinorrhoea and positive culture of group A
beta-haemolytic streptococcus. Of the 240 (16.6%) patients
with tonsillar exudates, only 10 (4.2%) had GABHS infec-
tion. Another 10 had GGBHS infection. Most patients with
positive cultures of group A beta-haemolytic streptococcus
did not have tonsillar exudates (77.3%) or anterior cervical
lymphadenopathy (70.5%).

Clinical findings in patients with a sore throat were
compared with the presence of group A beta-haemolytic
streptococcus in culture (Table 4). Pharyngeal erythema
was found in most patients with documented GABHS
throat infection (90.9%). However, while this symptom
had a high sensitivity for GABHS throat infection, it had a
low specificity (16.2%). Overall, pharyngeal erythemawas
commonly associated with a sore throat, irrespective of the
presence of group A beta-haemolytic streptococcus.

Scarlatiniform rash was not commonly seen in pa-
tients with a sore throat, although it had a high specificity
for GABHS throat infection (98.4%). Unfortunately, even
in patients with all four of the highly suggestive clinical
features (ie fever >38°C, absence of cough, tonsillar
exudates, and anterior cervical lymphadenopathy), the
corresponding positive predictive value was only 41.1 (data
not shown).

The sensitivity and specificity of the clinical judgement
for starting antibiotic treatment (ie clinical suspicion of
GABHS throat infection) were 43.2% and 64.8%, respect-
ively. The likelihood ratio for a positive decision was 1.23
and for a negative decision it was 0.88 (Table 5).

Discussion

This study included the largest sample of ‘sore throat’
subjectsin Hong Kong to date, with patients ranging in age
from 6 months to 94 years. Group A beta-haemolytic
streptococcal culture was positive in only 3.0% of all
recruited patients and in 4.2% of patients with tonsillar
exudates.

The prevalence of GABHS throat infection in patients
above the age of 14 years was 2.65%. Thisis alow rate
compared with figures from Scandinavia and the US. In
Scandinavia, most studies have shown group A beta-
haemolytic streptococci to be present in about 30% of adult
patients presenting with an acute sore throat.**? In the US,
the prevalence of GABHS infection in adult patients varies
from 10 to 15%.792
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Table 4. Predictive value of clinical findings for group A and non-group A beta-haemolytic streptococci

Clinical finding Status No. of patients Patients with GABHS™ infection Patients with non-GABHS infection
No. (%) No. (%)
Fever >38°C Present 705 21 (47.77) 684 (48.7)
Absent 744 23 (562.3) 721 (51.3%)
Cough Present 984 20 (45.57) 964 (68.6)
Absent 465 24 (54.5) 441 (31.4%)
Rhinorrhoea Present 722 14 (31.81) 708 (50.4)
Absent 727 30 (68.2) 697 (49.69)
Pharyngeal erythema Present 1218 40 (90.9%) 1178 (83.8)
Absent 231 4 (9.1) 227 (16.2%)
Tonsillar exudates Present 240 10 (22.7%) 230 (16.4)
Absent 1209 34 (77.3) 1175 (83.6%)
Lymphadenopathy Present 286 13 (29.51) 273 (19.4)
Absent 1163 31 (70.5) 1132 (80.6%)
Scarlatiniform rash Present 26 3 (6.81 23 (1.6)
Absent 1423 41 (93.2) 1382 (98.4%)
* GABHS group A beta-haemolytic streptococcal
T sensitivity
+ specificity

Table 5. Clinical judgement’ for starting antibiotic treatment
versus throat culture result for group A beta-haemolytic
streptococcus

Antibiotic treatment Throat culture result
Positive Negative Total
Clinically indicated 19 495 514
Not clinically indicated 25 910 935
Total 44 1405 1449

* Clinical diagnosis of group A beta-haemolytic streptococcal infection

In paediatric patients (age range, 0-14 years), the overall
prevalence of GABHS throat infection in Scandinavia
and the US is approximately 35 to 50%.722 | n this study,
the prevalence of GABHS throat infection in this age
group was 38.6%, ie a much closer agreement than for
patients older than 14 years. Thiscomes as no surprise, since
children are more susceptible to GABHS throat infection in
all countries. Infact, group A beta-haemolytic streptococcus
was rarely isolated from patients at either extreme of
the age spectrum in this study. Thus, none of the children
under the age of 3 years had GABHS throat infection and
there was only one case of GABHS pharyngitis in patients
above the age of 60 years. Overall, our findings concur with
the view of Wannamaker,?® who stated that GABHS
pharyngitisis primarily a disease of children between the
ages of 5 and 15 years.

Viral infection is the most common cause of acute
pharyngitis in adult and paediatric patients. Indeed, for
children under the age of 3 years, pharyngitis is almost
aways vira in nature (although it is possible that they are
less able to present symptoms of bacterial infection).202%%0
Adenovirusisthe most common cause of non-streptococcal
tonsillitis followed by Epstein-Barr virus.?% However, we
did not perform any viral studies, as they would not have
materially altered the management of such cases. In this
study population, commensals were found to be the most
common growth in throat cultures of patients with
pharyngitis (89.3%). The prevalence of the relatively benign
groups C and G beta-haemolytic streptococci was, like that
of group A beta-haemolytic streptococci, 3.0%. Although
Mycoplasma pneumoniae isolation was not attempted in
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this study, the role of this micro-organism in acute febrile
tonsillitisiswell known. In the study reported by Komaroff
et a,* for example, M pneumoniae was as frequent a cause
of pharyngitis in adults as was group A beta-haemolytic
streptococcus.

We found that GABHS isolates remained exquisitely
sensitive to penicillin in vitro in Hong Kong. Although the
minimum inhibitory concentration of group A beta-
haemolytic streptococci to penicillin was not determined,
it may well be on the increase due to the overuse of anti-
bioticsin our locality, in much the same way that penicillin
resistance in Streptococcus pneumoniae has emerged as a
major problem in Hong Kong.* For this reason, we decided
it was not reasonabl e to use broad-spectrum antibiotics, eg
amoxycillin, amoxycillin-clavulanate, ampicillin sodium/
sulbactam sodium, asfirst-line antibiotic therapy for GABHS
pharyngitis. It was alarming to find that 9.0% of GABHS
strains were resistant to trimethoprim/sulfamethoxazole
and 34.1% were resistant to erythromycin. By comparison,
only 3.7% of GABHS strains in Sweden were resistant
to erythromycin in 1999.% This apparent increase in
erythromycin resistance might not only be a problem for
patients with penicillin hypersensitivity, but also a general
sign indicating that GABHS throat infection is becoming
more resistant to antibiotics. First or second generation
cephal osporins can be used for penicillin-allergic patients
who do not manifest immediate hypersensitivity to beta-
lactam antibiotics.* In the case of treatment failure with
penicillin, cephal osporins or azithromycin can be used as
second-line therapy.*

In agreement with previous studies, clinical findings
alone were not very helpful in diagnosing GABHS throat
infection.®2° Classicd streptococcal pharyngitisis character-
ised by intense tonsillopharyngeal erythema, yellow tonsillar
exudates, and tender or enlarged anterior cervical
lymphadenopathy. Fever >38°C and absence of cough are
also helpful indicators. This notwithstanding, the sensitivity
and specificity of these clinical findings and their predictive
valuefor apositive throat culture of group A beta-haemolytic



streptococcus are disappointing.’°?? Sensitivity and specifi-
city studies in countries where there is a high prevalence
of GABHS throat infection suggest that sole reliance
on clinical diagnosiswill miss 25% to 50% of cases.*® With
the low prevalence of GABHS throat infection in Hong
Kong, the chance of identifying GABHS pharyngitis will
be only 41.1%, even if a patient has all four of the highly
suggestive clinical features (ie fever 238°C, absence of
cough, tonsillar exudates, and anterior cervical lymph-
adenopathy).

Acute exudative tonsillitis was not commonly due to
GABHS infection in this study. In fact, none of the clinica
findings were predictive of a positive throat culture result.
Thus, there were no statistically significant differencesin
theincidences of fever >38°C, pharyngeal erythema, tonsillar
exudates, and anterior cervical lymphadenopathy between
patients with positive cultures of group A beta-haemolytic
streptococci and those with commensal growth in this study.
These findings contrast with the results of previous studies
reported by Breese? and Centor et al.’® That the sensitivity
of an isolated clinical finding and the predictive value of
that finding for a positive throat culture result were
disappointing might reflect the low prevalence of GABHS
throat infection in our study population. Nonetheless,
the clinical implication is clear: physicians in Hong Kong
may find it difficult to diagnose streptococcal pharyngitis
accurately if they rely solely on clinical findings.

The observed high specificity of RAT might also reflect
the low prevalence of GABHS throat infection in our
population. On the other hand, we found the sensitivity of
RAT to be much less than that claimed by the manufacturer.
One of thelimitations of this study that could have accounted
for the observed low sensitivity was the reliance on culture
results as being the gold standard for the diagnosis of
GABHS throat infection. Even though we gave briefing
sessionsto all medical and nursing staff in our department,
stressing the proper way and sites for taking throat swabs,
interobserver bias could not be eliminated. Moreover, studies
have shown that the fal se negative rate of throat culturesis
approximately 10% even when performed accurately.3"=8
Due to financial and administrative constraints in the
emergency department setting, performing blood tests at
intervals to check for arise in antistreptolysin-O titres was
impractical. Similarly, there were difficultiesin setting up a
control group of patients to determine the carrier rate of
group A streptococci in the general population.

Physicians tend to overdiagnose streptococcal tonsil-
lopharyngitis and this may invariably lead to unnecessary
treatment with antibiotics. Observationsin thisand previous
studies®?® suggest that RAT for GABHS throat infection
can provide aquick guideto cliniciansto judge the necessity
of antimicrobial therapy. However, the available RATSs
have varying sensitivities of 52.6% to 95% and specificities
of 88% to 100%. This means that 10% to 47.4% of pa-
tients with GABHS throat infection will have a negative

Group A streptococcal throat infection

RAT result and hence be incorrectly diagnosed (if thereis
no confirmatory cultureto follow). Both the American Heart
Association and Infectious Diseases Society recommend
that clinicians start antibiotic treatment in patients with
positive RAT results, as well as in patients with negative
RAT results, but positive confirmatory culture results.
When thereis any clinical or epidemiological evidence that
resultsin a high index of suspicion, patients with positive
RAT results, but without confirmatory culture results, may
be treated with antibiotics for GABHS throat infection.
However, patients with negative RAT results should have a
confirmatory culture to follow, especially in areas where
thereis alow prevalence of GABHS throat infection. Pa-
tients with positive RAT results should be given a standard
10-day course of penicillin, whereas patients with negative
RAT results should be treated with a 2-day course of
penicillin initially while awaiting the confirmatory culture
results. If the culture results are positive, those patients can
be called back and given oral penicillin for another 8 days.

Given the large number of patients presenting with asore
throat, systematic use of RAT will result inincreased expenses.
On the other hand, indiscriminate prescription of antibiotics
unnecessarily exposes patients to the risks of adverse or
allergic reactions and promotes resistant organisms. Thereis
no evidence of an increased incidence of rheumatic heart
disease when antibiotic trestment isdel ayed by 48to 72 hours.
Thus, in view of the low prevalence of GABHS infection in
patients presenting with a sore throat plus the suboptimal
sensitivity and specificity of RAT that necessitates backup
cultures, microbiological culture and initial symptomatic
treatment appears to be the most cost-efficient compromise.
Adding RAT substantially increases expenses without
materially affecting treatment outcomes.

Conclusion

Group A beta-haemolytic streptococcal pharyngitis cannot
be accurately identified by clinical features alone, so throat
swabs for culture are highly recommended in patients
presenting with a sore throat as their chief complaint, or
suspected of having acute pharyngitis, in the A& E depart-
ment setting. If RAT isavailable, it can act asaquick guide
for clinicians to judge the necessity of antibiotics. How-
ever, the RAT sensitivity in this study was disappointing.
Empirical antibiotic treatment for a sore throat is not
indicated and is a bad clinical practice. Routine throat
cultures do increase costs, but save 97% of patients from
unnecessary exposure to the side-effects of penicillin and
decrease therisk of inducing antibiotic resistance. Penicillin
remains the drug of first choice for GABHS pharyngitis, as
it ishighly effective and also helps minimise the emergence
of antibiotic resistance.
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