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SUMMARY
Background: It is important to determine the causative agent of tonsillopharyngitis in children, whether group A
beta-hemolytic streptococcus (GABHS) or another agent. In this study, we investigated epidemiological data and
clinical symptoms and also evaluated the performance of group A streptococcus rapid test (GASRT) and acutephase reactant tests in distinguishing viral and bacterial agents by performing assays for GABHS and for EpsteinBarr virus (EBV), herpes simplex virus type 1 (HSV-1), adenovirus, and enterovirus, from samples obtained from
children with tonsillopharyngitis.
Methods: One hundred fifty pediatric patients were evaluated for complaints of body fever, sore throat, headache,
cough, and abdominal pain. Identification of GAS isolates was performed using culture, a rapid test for GAS detection, and a L-pyrrolidonyl arylamidase (PYR) test, as well as a latex agglutination test and the Vitek 2 automated system when needed. The complete blood count (CBC), neutrophil/lymphocyte ratio (NLR), anti-streptolysin O
(ASO), sedimentation, and high-sensitivity C-reactive protein (hs-CRP) were quantified. Molecular analyses were
performed for EBV, adenovirus, enterovirus, and HSV-1 detection using the Anatolia Montania 4896 RT PCR
platform.
Results: Throat cultures were positive for GABHS in 11 (7.3%) children. The absence of coughing and the presence of painful cervical LAP were significantly higher in the GABHS-positive group. GASRT was positive in 14
(9.2%) children; 10 (90%) of the 11 GABHS culture-positive cases were also positive for GASRT. In the GABHSpositive group, there was no difference in sedimentation or ASO values compared with GABHS-negative group.
When the viral agent-positive group was compared with the group where no agent was found, WBC, NLR, and
CRP were significantly higher, and PLT was significantly lower.
Conclusions: Causative agent of acute tonsillopharyngytis in children is usually a virus. EBV was the most common viral agent in tonsillopharyngitis. The absence of coughing and the presence of painful cervical lymphadenopathy can be important indicators in the diagnosis of GABHS positivity. GASRT is a highly reliable assay.
WBC, NLR, and CRP are higher in GABHS-positive patients.
(Clin. Lab. 2017;63:xx-xx. DOI: 10.7754/Clin.Lab.2017.170124)
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Patients and study design
Participants were 150 pediatric patients (2 - 17 years
old) who were admitted to the Sakarya University
Training and Research Hospital Pediatric Emergency
Service in Sakarya, Turkey, complaining of a sore
throat and who were diagnosed with tonsillopharyngitis.
Informed consent forms were obtained from patients
and their relatives. At the time of the hospital admission, patients were evaluated for complaints of body fever, sore throat, headache, cough, and abdominal pain.
Tonsillopharyngitis was diagnosed with one or more of
the following symptoms: sore throat, fever, swallowing
difficulty, tonsillar hyperemia, crypt hypertrophy or exudate, soft palate petechiae, and cervical lymphadenopathy. Swab samples were taken from both tonsils and
the posterior wall of the pharynx with two different sterile swabs for throat culture, GASRT, and molecular virus identification. GASRT, throat culture, and complete
blood count (CBC) were performed. The neutrophil/
lymphocyte ratio (NLR), anti-streptolysin O (ASO),
sedimentation, and high-sensitivity Creactive protein
(hs-CRP) were quantified. Furthermore, molecular tests
were used to determine the presence of EBV, adenovirus, HSV-1, and enterovirus.

INTRODUCTION
Tonsillopharyngitis (TF) is one of the most common
diseases in children; it is seen in about 6 - 8% of the
outpatient population worldwide [1,2]. Viruses are the
most common causative agents (> 70%), and group A
beta-hemolytic streptococcus (GABHS) is responsible
for 10 - 30% of cases [3,4]. It is important to distinguish
whether GABHS or another agent is the causative agent
in TF due to suppurative and non-suppurative complications and the need for antimicrobial therapy [5]. However, there are some difficulties in distinguishing causes
according to clinical and epidemiologic data in children
[4,6]. In children, clinical findings in GABHS TF have
some similarities to those of other causative agents, especially viruses [1,5]. This decreases the reliability of
clinical scores used in diagnosis [7,8]. Throat culture remains the gold standard for GABHS diagnosis. However, its role in early diagnosis and therapy is restricted
because of slow results and positive results in carriers
[9]. The group A streptococcus rapid test (GASRT) and
acute-phase reactants are important in early diagnoses
[5,10]. Arcanobacterium hemolyticum is a rarely seen
bacterial agent in TF [11].
Although other descriptive clinical findings can be valuable in some viral TF cases, some findings are similar to
those of GABHS TF [9]. Fever, exudative pharyngitis,
and cervical lympadenitis can be seen in infection with
Epstein-Barr virus (EBV), herpes simplex virus type 1
(HSV-1), and adenovirus, as well as in GABHS infection. Herpangina is diagnostic for enterovirus, but it is
not seen in all cases in children [12,13]. The agents that
show similar clinical findings to GABHS infections are
seen frequently, which limits the usefulness of the adult
guidelines in children [14,19].
It has been reported that 50 - 70% of children with TF
are given antibiotic treatment, even in countries where
post-streptococcal complications are rarely observed,
leading to serious problems with antibiotic resistance.
Thus, there is a need for studies on early diagnosis to
guide treatment [2,15-17].
The ability to determine the clinical and laboratory
characteristics of viruses that cause symptoms similar to
those of GABHS infection will assist in early diagnosis
and in treatment decisions. In this study, we investigated epidemiological data, clinical symptoms, and the
performance of GASRT and acute-phase reactant tests
in distinguishing viral and bacterial agents by performing assays for GABHS and for EBV, HSV-1, adenovirus, and enterovirus, which show clinical similarities to
GABHS infection, using throat swab samples from
children with tonsillopharyngitis.

Bacterial culture and identification
Throat swab specimens were processed using standard
procedures. Throat cultures were obtained by swabbing
both tonsils and the posterior pharynx with a rayon-tipped swab (Becton Dickinson, USA). The swab was then
placed in Amies medium without charcoal, transported
to the laboratory, and plated within 2 hours. The swab
was plated on 5% sheep blood agar; the agar was stabbed, and bacitracin and trimethoprim sulfamethoxazole
disks (Becton Dickinson, USA) were placed in the primary streak. The plates were incubated at 35 - 37°C in
5% CO2 and were examined at 24 and 48 hours. β-Hemolytic colonies were subcultured, isolated, and then
typed. All throat swabs were obtained by one of two investigators; the processing of throat cultures was overseen by one specialist.
Bacterial identification focused on group A β-hemolytic
streptococci. Identification of GAS isolates was performed using bacitracin (0.004 U) and trimethoprim
sulfamethoxazole (1.25/23.75 µg) disks (Becton Dickinson, USA), a rapid test for GAS detection, and a L-pyrrolidonyl arylamidase (PYR) test (Becton Dickinson,
USA), as well as a latex agglutination test (Plasmatec
Lab Products, Ltd UK) and the Vitek 2 automated system (bioMerieux, France) when needed. Blood agar was
used for Arcanobacterium haemolyticum culturing.
GAS rapid antigen test
The Strep A Rapid Test cassette (Hangzhou Biotest,
Germany), a qualitative immunoassay to detect GAS
antigens from a throat swab, was used for the GAS rapid test.
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absence of coughing and the presence of painful cervical LAP were significantly higher in the GABHS-positive group. GASRT was positive in 14 (9.2%) children;
10 (90%) of the 11 GABHS culture-positive cases were
also positive for GASRT. However, in four GASRTpositive patients, there was no positive result in
GABHS culturing. The GASRT sensitivity and specificity in GABHS diagnosis were 90% and 97%, respectively. In the GABHS-positive group, there was no difference in sedimentation and ASO values compared
with the viral agent-positive group and the group where
no agent. When the GABHS-positive group was compared with the viral agent-positive group and the group
where no agent was found, WBC, NLR, and CRP were
significantly higher.
The risk of GABHS positivity in cases with painful cervical LAP was increased 14.920 fold; in cases with no
cough, by 6.253 fold; and in cases aged 7 - 17 years, by
2.973 fold (Table 3).
ROC analyses and the determination of optimum cutoff
values were performed to assess the power of WBC,
NLR, CRP, ASO, and sedimentation values in a
GABHS diagnosis (Figure 1). The sensitivity and specificity of sedimentation and ASO values were low.

Molecular studies
Molecular analyses were performed for EBV, adenovirus, enterovirus, and HSV-1 detection with swab samples from pediatric patients with TF after GAS was
ruled out. DNA extraction from swab samples was carried out on tonsillar membranous exudate using the
Magnesia Extraction Kit and a Nucleic Acid Extraction
robot (Magnesia 2448, Anatolia Geneworks, Turkey).
Real-time PCR testing was performed in accordance
with the manufacturer’s protocol with a Montania 4896
RT PCR platform (Anatolia Geneworks) for the detection of EBV, adenovirus, enterovirus, and HSV-1. The
Bosphore EBV Quantification Kit v1 was used to detect
EBV, the Bosphore Adenovirus Detection Kit v1 to detect adenoviruses, the Bosphore Enterovirus Detection
Kit v1 to detect enteroviruses, and the Bosphore HSV
1-2 Genotyping Kit v1 (all Anatolia Geneworks) to determine the HSV type 1. Results were obtained automatically using the software of the real-time PCR machine.
Statistical analysis
Descriptive statistics were used to examine the general
features of the participants. The Kolmogorov-Smirnov
test was used to assess the distribution of numerical variables. Those variables with normal distributions are
presented as means ± standard deviations, and those
with non-normal distributions as medians (minimummaximum). Categorical variables are indicated as number (n) and percentage (%). Student’s t-test, the MannWhitney U-test, ANOVA, and the Kruskal-Wallis Htest were used to compare groups. Groups defined by
categorical variables were compared using χ2 or Fisher’s exact tests. Receiver operating characteristic (ROC)
curve analysis was used to assess the sensitivity and
specificity of laboratory parameters for predicting the
presence of GABHS. A p-value < 0.05 was considered
to indicate statistical significance in all analyses.
The SPSS software (ver. 20 for Windows; IBM SPSS,
Inc., Chicago, IL, USA) was used for statistical analyses. Step-wise multivariable logistic regression analysis
was used to identify independent predictors of GABHS
risk.

DISCUSSION
It is important to determine the causative agent of TF in
children, whether GABHS or another agent [5]. However, even experienced pediatricians have difficulty distinguishing GABHS and viral agents using only clinical
findings and epidemiological data, and this affects treatment and antibiotic use [2,4,6,15-17]. Increasing antibiotic use points to the importance of distinguishing between bacterial and viral infection with an assay that is
fast and readily applicable, has high sensitivity and
specificity, and is inexpensive.
Some studies have reported GABHS rates between 12
and 29% in febrile exudative tonsillitis cases [6,18-20].
Sharland et al. reported that GABHS positivity was 2%
in children with acute pharyngitis [21]. In 2016, Cohen
et al. reported GABHS rates between 20 and 40% in a
Cochrane analysis [22]. In our study, the GAS rate was
7.3% in children admitted with throat pain and rash. No
bacterial agent other than GABHS was found. In particular, Arcanobacterium haemolyticum was not found in
any patient. Taken together, the data presented here are
consistent with previous literature. The low rate of
GABHS is important. One reason for the low rates in
our study may be that the patient population in other
studies comprised patients with exudative tonsillitis,
whereas we included children who presented with a sore
throat and rash. When conducted with the correct technique, the sensitivity of the GABHS assay with a single
throat swab is 90 - 95% [23,24]. Furthermore, the high
rate of antibiotic use in Turkey suggests that it may
have resulted in a decrease in the spread of GABHS.
Although some studies have reported different rates of

RESULTS
In total, 150 children aged 2 - 17 years (median age,
7.3 years) with acute exudative TF were enrolled in this
study, including 79 (53%) boys and 71 (47%) girls.
Throat cultures were positive for GABHS in 11 (7.3%)
children. Arcanobacterium haemolyticum was not detected in any patient. EBV was the most common viral
agent (50%), and in 52 (34%) cases none of the agents
tested were detected. GABHS and viral agents isolated
from patients are listed Table 1.
Demographic data, clinical findings, and laboratory data
for GABHS- and virus-positive cases and for cases
where no agent was detected are shown in Table 2. The
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Table 1. GABHS and viruses isolated from children with tonsillopharyngitis.
Agents
GABHS positive
EBV
HSV-1
Adenovirus
Enterovirus
GABHS + EBV
More than a virus
No agent detected

n
11
75
16
13
8
5
20
52

%
7.3
50
10.7
8.7
5.3
3
13
34

EBV - Ebstein-Barr virus, GABHS - group A beta hemolytic streptococcus, HSV-1 - herpes simplex virus type 1.

Table 2. Demographic characteristics, clinical and laboratory findings in children with acute tonsillopharyngitis by GABHS
positive, virus positive and the group where no agent was found.
Clinical characteristics
Male
Female
2-<5
5 - < 17
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Positive
Negative
WBC (mm3) (mean, SD)
NLR (median, min - max)
hsCRP (mg/dL) (median, min - max)
ASO (IU) (median, min - max)
Sedimentation (mm/hour)
(median, min - max)

GABHS positive
Virus positive group
group (%) (n = 11)
(%) (n = 87)
Gender
45
52
55
48
Age (years)
18
43
82
57
Fever (≥ 38°C)
73
47
27
53
No cough
73
26
27
74
Headache
45
35
55
65
Abdominal pain
36
38
64
62
Painful cervical lymphadenopathy
90
49
10
51
Tonsillary exudate
45
60
55
40
GASRT
10
1.1
1
98.9
21.85 (6,12) a, b
14.23 (5.92) c
a, b
11.96 (6.32 - 19.51)
4.53 (0.28 - 22.14) c
a, b
7.23 (3 - 78)
3.83 (1 - 29) c
272.00 (47.5 - 1070.0)
87.50 (47.50 - 746.0)
26.50 (16 - 52)

26.50 (7 - 76)

Group no agent
found (%) (n = 52)

p

56
44

0.794

35
65

0.241

52
48

0.271

29
71

0.007

30
70

0.622

30
70

0.692

60
30

0.010

71
29

0.331

5.8
94.2
14.742 (5.09) c
5.03 (0.96 - 19.44) c
3.50 (1 - 15) c
121.0 (47.50 - 1410.0)

< 0.001

28.50 (4 - 61)

0.863

0.020
0.003
0.049
0.388

ASO - anti-streptolysin O, GASRT - group A streptococcus rapid test, hsCRP - high-sensitivity C-reactive protein, NLR - neutrophil/ lymphocyte ratio, WBC - white blood cell. Values were represented as n, %, mean (SD), median (min-max). P-values < 0.05 were considered to indicate statistical significance. a - Difference according to virus positive group, b - Difference according to the group where no agent was found,
c
- Difference according to GABHS positive group.
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Table 3. Demographic characteristics and clinical signs predicting GABHS in children with acute tonsillopharyngitis.
n = 150

GABHS positive
(n = 11)

GABHS negative
(n = 139)

Male a

79

5

74

Female

71

6

65

2 - < 5a

49

2

47

5 - < 17

101

9

92

No a

75

1

74

Yes

75

10

65

No a

46

8

38

Yes

104

3

101

No a

107

6

101

Yes

43

5

38

No a

74

3

71

Yes

76

8

68

No a

95

6

Yes

55

5

p-value

OR and 95% CI

Gender
1
0.185

0.353 (0.076 - 1.643)

Age (year)
1
0.207

2.973 (0.547 - 16.151)

Cervical lymphadenopathy
1
0.020

14.920 (1.527 - 145.812)

No cough
1
0.016

6.253 (1.412 - 27.684)

Headache
1
0.611

1.502 (0.314 - 7.188)

Fever (≥ 38°C)
1
0.232

0.364 (0.069 - 1.908)

Tonsillary exudate
89
50

1
0.670

0.723 (0.163 - 3.211)

Abdominal pain
No a

97

7

90

Yes

53

4

49

1
0.924

0.931 (0.215 - 4.039)

a - reference category.

all patients with exudative tonsillitis [27]. Many studies
have reported that the EBV incidence in children after
tonsillectomy is 40 - 54% [28-31]. In our study, EBV
was the most frequent (50%) of the viral agents detected. EBV-specific ELISA parameters (EBNA IgG/M,
VCA IgG/M, and EA-D) need to be assessed to show
the status of EBV infection, i.e., acute, past, or latent. In
a study of children with acute tonsillitis, adenovirus and
HSV were detected in 19% and 2%, respectively. No
agent was detected in 35% of cases, and in 14%, more
than one viral agent was present [18]. In another study
in children with acute pharyngitis, adenoviruses and enteroviruses were found in 10% and 8%, respectively
[21]. In the study by McMillan et al., the HSV-1 frequency in children with tonsillopharyngitis was 5.7%,
pharyngeal erythema was seen in 71%, and exudate in
the pharynx was identified in 40% of the patients.
Moreover, 91% of the patients used oral antibiotics.
Furthermore, co-occurrence with GABHS was found in

GABHS in TF, viruses are the most common agents [4].
Viruses have been found to be the causative agent at
rates between 42 and 70% in children with acute TF [4,
12,19]. In our study, too, we found that viruses were the
most common agent (61%). Moreover, the results suggested additional possible viral agents because in 34%
of the patients we did not find any of the viral agents
tested. Clinical and laboratory findings in the group
where no causative agent was determined had some
similarities with the group that tested positive for the viral agents examined here.
A member of the herpes virus family, EBV may cause
latent infection by colonization in tonsil tissue [25]. Although EBV infection is usually asymptomatic, it has
been associated with mononucleosis in 30 - 50% of adolescents and adults [26]. In another study, in 56% of
children with exudative tonsillitis and 75% of those
with severe acute exudative tonsillitis were shown to be
EBV positive; other viral agents were found in 19% of
Clin. Lab. 7+8/2017
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Figure 1. ROC curve for WBC, NLR, and CRP values for children with acute tonsillopharyngitis.

a good indicator using the GABHS assay [7,19]. In a
study comparing GABHS-positive patients and patients
with tonsillitis caused by adenovirus and EBV, although
72% of the adenovirus-positive patients were below the
age of 4 years and 70% of EBV-positive patients were
below the age of 6, 71% of GABHS-positive patients
were above the age of 6; the differences in age between
GABHS-positive patients and patients with tonsillitis
caused by adenovirus and EBV were significant [35].
Results of another study showed that, whereas 74% of
the patients with adenovirus tonsillitis were below the
age of 3 years and 71% of the patients with EBV tonsillitis were below the age of 6, 72% of the GABHS-positive patients were older than 6 years [18]. In our study,
most of the GABHS-positive patients were aged 5 - 17
years, and viral agent-positive patients were also of the
same age. Thus, we found that age was not a good indicator in GABHS diagnosis.
Lin et al. reported that symptoms of throat pain, tonsil-

2.8% of the patients [13]. In our study, HSV-1 was
found in 10.7%, adenovirus in 8.7%, and enterovirus in
5.3% of cases. Although the adenovirus and enterovirus
rates in our study were comparable to those in the literature, we found a higher rate of HSV-1. More than one
viral agent was identified in 13% of the patients, but no
agent was identified in 34%. Moreover, EBV positivity
together with GABHS was determined in only 3% of
patients. Symptoms and findings such as fever
(> 38C), tonsillar exudates, cervical lymphadenopathy,
and abdominal pain are prevalent in GABHS TF [32].
However, no single clinical sign is sufficient to confirm
or exclude GABHS TF [33]. Although GABHS TF is
usually observed in school-aged children, some studies
have found that age is not a good indicator and that
GABHS TF can progress with atypical symptoms and
findings such as rhinitis, coryza, and low-degree fever,
especially in children under the age of 3 years [32,34].
Despite this, there are also studies suggesting that age is
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diagnosed with TF, they also studied CRP in 95% and
WBC in 88.5%. However, they found no significant difference in CRP and WBC to separate streptococcal from
non-streptococcal tonsillitis [20].
Putto et al. also found no significant difference in WBC,
CRP, or sedimentation values in trying to differentiate
between viral and bacterial agents in two studies [18,
19]. Sun et al. studied tonsillitis with GABHS, adenovirus, and EBV and found no significant difference in
CRP, WBC, or sedimentation values among the patients
[35]. In our study population, WBC, NLR, and CRP
were significantly higher in GABHS-positive patients
compared with the virus-positive group and the group
where no agent was detected (Table 2). The sensitivity
of WBC and NLR were higher in diagnosing GABHS
using the optimum cutoff values, 15150/mm3 for WBC
and 6.32 for NLR; specificity of CRP was high using
the optimum cutoff value for CRP, 21.6 mg/dL. The
sensitivity and specificity of ASO and sedimentation
values were low in diagnosing GABHS. Furthermore,
increases in acute-phase reactants can be seen in many
other systemic bacterial infections apart from GABHS.
For this reason, an increase in only acute-phase reactants is not a specific indicator for the diagnosis of
GABHS. The fact that we investigated only four viral
TF agents is a limitation of our study. Additionally, we
could not assess active versus latent infection by the
most frequent viral agent in our study (EBV) because of
a lack of serological data.

lar swelling, cervical lymphadenopathy, and scarlatiniform rash were significantly higher in GAS culture-positive patient with pharyngitis. However, even though
these findings have strong associations with GABHS,
those researchers reported that the sensitivity and specificity were below 50%, so the determination could only
help in predicting a probable GABHS infection that required confirmation with a throat culture [6]. Kunnamo
et al. compared tonsillitis with GABHS and non-streptococcus tonsillitis in children. They concluded that
there were no significant differences in findings of fever, lymphadenopathy, absence of coughing, or absence
of nasal flow [20]. It was also reported that fever and
tonsillar exudates can usually be seen in TF caused by
EBV, adenovirus, and HSV-1 [12,13]. In our study,
clinical findings of fever ≥ 38C, headache, tonsillar exudate, and abdominal pain were not significant in the diagnosis of GABHS. As in many studies, despite the fact
that the exudates from the tonsils were not found to be
significant predictors of GABHS positivity in our study,
this finding continues to be interpreted frequently as indicative of GABHS by clinicians. While EBV, which
creates tonsillar exudate, was the most frequently encountered virus in our study, it is not possible to comment on the state of active infection because serological
studies regarding EBV were not performed. In the patient group found to be GABHS-positive, the absence of
coughing and the presence of painful cervical lymphadenopathy were significantly higher in comparison
with the virus-positive group and with those where no
agent was detected; however, these symptoms increased
the GABHS-positivity risk significantly (Table 3).
Although throat culture remains the gold standard in the
diagnosis of GABHS, the slow result is an important
disadvantage. Early diagnosis and treatment can provide
important benefits, such as decreasing symptoms, preventing spread, and decreasing additional examinations
[36,37]. Thus, GASRT is used extensively [38]. Maltezou et al. reported that the sensitivity and specificity of
GASRT were 83.1% and 93.3%, respectively. However,
when used with clinical criteria, the sensitivity changes
to 60.9 - 95.8%, and the specificity changes to
86.1 - 96.8% [39]. Tanz et al. found that the sensitivity
and specificity of GASRT were 70 and 98%, respectively, in 1848 acute pharyngitis children aged 3 - 18 [40].
Cohen et al. reported a Cochrane analysis that considered 116 studies with 58204 subjects. They found the
sensitivity and specificity of GASRT to be 83.3 - 87.6%
and 94.5 - 96.2%, respectively. They also reported no
difference in sensitivity between enzyme immunoassay
(EIA) and optical immunoassay (OIA) tests [22]. Most
studies have found specificity to be higher than sensitivity. In our study, the sensitivity and specificity of
GASRT were 90% and 97%, respectively, similar to
earlier studies in the literature.
Children with TF are diagnosed using the GASRT and
throat culture after a clinical assessment, and additional
medical examinations may be requested. Kunnama et al.
studied GASRT and throat culture; in > 96% of children
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CONCLUSION
The data presented here show clearly that the causative
agent of acute TF in children is usually a virus. Even
when typical clinical findings were not present, EBV
was the most common viral agent in TF. According to
epidemiological data, age is not a good indicator of tonsillitis based on the GABHS assay. It can be concluded
from the clinical findings that the absence of coughing
and the presence of painful cervical lymphadenopathy
can be important indicators in the diagnosis of GABHS
positivity. Furthermore, GASRT is an assay that is fast,
readily applicable, and inexpensive. Moreover, WBC,
NLR, and CRP were significantly higher in GABHSpositive patients.
Funding:
The authors received no financial support for the research and/or authorship of this article.
Declaration of Interest:
The authors declared no conflicts of interest with respect to the authorship and/or publication of this article.

7

B. Elmas et al.
18. Putto A, Meurman O, Ruuskanen O. C-reactive protein in the differentiation of adenoviral, Epstein-Barr viral and streptococcal
tonsillitis in children. Eur J Pediatr 1986;145:204-6 (PMID: 3021
463).

References:
1.

Tanz RR. Acute pharyngitis. Kleigman R, Stanton B, Schor N
(eds). Nelson Texbook of Pediatrics Philadelphia, Saunders 2016;
p:2017-21.

2.

Linder JA, Bates DW, Lee GM, Finkelstein JA. Antibiotic treatment of children with sore throat. JAMA 2005;294:2315-22
(PMID: 16278359).

3.

4.

5.

6.

7.

19. Putto A. Febrile exudative tonsillitis: viral or streptococcal? Pediatrics 1987;80:6-12 (PMID: 3601520).
20. Kunnamo A, Korppi M, Helminen M. Tonsillitis in children: unnecessary laboratory studies and antibiotic use. World J Pediatr
2016;12:114-7 (PMID: 26547213).

Schroeder BM. Diagnosis and management of group A streptococcal pharyngitis. Am Fam Physician 2003;67:880-4 (PMID:
12613739).

21. Sharland M, Hodgson J, Davies EG, Booth J, Jeffery S. Enteroviral pharyngitis diagnosed by reverse transcriptase-polymerase
chain reaction. Arch Dis Child 1996;74:462-3 (PMID: 8669969).

Schwartz RH, Gerber MA, McKay K. Pharyngeal findings of
group A streptococcal pharyngitis. Arch Pediatr Adolesc Med
1998;152:927-8 (PMID: 9743043).

22. Cohen JF, Bertille N, Cohen R, Chalumeau M. Rapid antigen detection test for group A streptococcus in children with pharyngitis. Cochrane Database Syst Rev 2016;7:CD010502 (PMID:
27374000).

Bisno AL, Gerber MA, Gwaltney JM Jr, Kaplan EL, Schwartz
RH; Infectious Diseases Society of America. Practice guidelines
for the diagnosis and management of group A streptococcal pharyngitis. Clin Infect Dis 2002;35:113-25 (PMID: 12087516).

23. Gerber MA. Diagnosis of pharyngitis: methodology of throat cultures. In: Shulman ST, ed. Pharyngitis: management in an era of
declining rheumatic fever. New York: Praeger 1984:61-72).

Lin MH, Fong WK, Chang PF, Yen CW, Hung KL, Lin SJ. Predictive value of clinical features in differentiating group A betahemolytic streptococcal pharyngitis in children. J Microbiol Immunol Infect 2003;36:21-5 (PMID: 12741728).

24. Shulman ST, Bisno AL, Clegg HW, et al. Clinical practice guideline for the diagnosis and management of group A streptococcal
pharyngitis: 2012 update by the Infectious Diseases Society of
America. Clin Infect Dis 2012;55:1279-82 (PMID: 23091044).

Shih CT, Lin CC, Lu CC. Evaluation of a streptococcal pharyngitis score in southern Taiwan. Pediatr Neonatol 2012;53:49-54
(PMID: 22348495).

8.

Fine AM, Nizet V, Mandl KD. Large-scale validation of the Centor and McIsaac scores to predict group A streptococcal pharynxgitis. Arch Intern Med 2012;172:847-52 (PMID: 22566485).

9.

Shaikh N, Swaminathan N, Hooper EG. Accuracy and precision
of the signs and symptoms of streptococcal pharyngitis in children: a systematic review. J Pediatr 2012;160:487-93 (PMID: 2204
8053).

25. Sahin F, Gerceker D, Karasartova D, Ozsan TM. Detection of
herpes simplex virus type 1 in addition to Epstein-Bar virus in
tonsils using a new multiplex polymerase chain reaction assay.
Diagn Microbiol Infect Dis 2007;57:47-51 (PMID: 17141448).
26. De Paschale M, Clerici P. Serological diagnosis of Epstein-Barr
virus infection: Problems and solutions. World J Virol 2012;1:3143 (PMID: 24175209).
27. Grady D, McClung JE, Veltri RW, Sprinkle PM, Veach JS. Association of Epstein-Barr virus with acute exudative tonsillitis. Otolaryngol Head Neck Surg. 1982;90:11-5 (PMID: 6283456).

10. Leung AK, Newman R, Kumar A, Davies HD. Rapid antigen detection testing in diagnosing group A beta-hemolytic streptococcal pharyngitis. Expert Rev Mol Diagn 2006;6:761-6 (PMID:
17009909).

28. Dias EP, Rocha ML, Carvalho MO, Amorim LM. [Detection of
Epstein-Barr virus in recurrent tonsillitis]. Braz J Otorhinolaryngol 2009;75:30-4 (PMID: 19488557).

11. Mackenzie A, Fuite LA, Chan FT, et al. Incidence and pathogenicity of Arcanobacterium haemolyticum during a 2-year study in
Ottawa. Clin Infect Dis 1995;21:177-81 (PMID: 7578727).

29. Günel C, Kirdar S, Ömürlü İK, Ağdaş F. Detection of the Epstein-Barr virus, Human Bocavirus and novel KI and KU polyomaviruses in adenotonsillar tissues. Int J Pediatr Otorhinolaryngol 2015;79:423-7 (PMID: 25631935).

12. Bisno AL. Acute pharyngitis: etiology and diagnosis. Pediatrics
1996;97:949-54 (PMID: 8637780).

30. Zhang X, Li H, Liu X, Zhang Q, Liu H, Wang X, Ling Y. S[tudy
and analysis on the quantitive detection of EBV-DNA in adenoiddal hypertrophic and tonsillitis tissues of children]. Lin Chung Er
Bi Yan Hou Tou Jing Wai Ke Za Zhi 2009;23:1108-11 (PMID:
20359084).

13. McMillan JA, Weiner LB, Higgins AM, et al. Pharyngitis associated with herpes simplex virus in college students. Pediatr Infect
Dis J 1993;12:280-4 (PMID: 8387178).
14. Wald ER, Guerra N, Byers C. Frequency and severity of infections in day care: three-year follow-up. J Pediatr 1991;118:509-14
(PMID: 2007922).

31. Xue XC, Chen XP, Yao WH, Zhang Y, Sun GB, Tan XJ. Prevalence of human papillomavirus and Epstein-Barr virus DNA in
Chinese children with tonsillar and/or adenoidal hypertrophy. J
Med Virol 2014;86:963-7 (PMID: 24615954).

15. Carlet J, Rambaud C, Pulcini C; WAAR, international section of
the Alliance Contre le développement des Bactéries Multi-resistantes (AC-de-BMR). WAAR (World Alliance against Antibiotic
Resistance): safeguarding antibiotics. Antimicrob Resist Infect
Control 2012;1:25 (PMID: 22958542).

32. Hayden GF, Turner RB. Acute pharyngitis. In: Kliegmen RM,
Behrman R, Jenson HB, et al. eds. Nelson Textbook of Pediatrics.
18th ed. Philadelphia, Pa; Saunders: 2007;378:1752-54.
33. Ebell MH, Smith MA, Barry HC, Ives K, Carey M. The rational
clinical examination. Does this patient have strep throat? JAMA
2000;284:2912-8 (PMID: 11147989).

16. Grijalva CG, Nuorti JP, Griffin MR. Antibiotic prescription rates
for acute respiratory tract infections in US ambulatory settings.
JAMA 2009;302:758-66 (PMID: 19690308).

34. Hossain P, Kostiala A, Lyytikäinen O, Kurki S. Clinical features
of district hospital paediatric patients with pharyngeal group A
streptococci. Scand J Infect Dis 2003;35:77-9 (PMID: 12685892).

17. McCaig LF, Besser RE, Hughes JM. Trends in antimicrobial prescribing rates for children and adolescents. JAMA 2002; 287:
3096-102 (PMID:12069672).

8

Clin. Lab. 7+8/2017

Evaluation of the Etiologic Agents for Tonsillopharyngitis in Children
35. Sun J, Keh-Gong W, Hwang B. Evaluation of the etiologic agents
for acute suppurative tonsillitis in children. Zhonghua Yi Xue Za
Zhi (Taipei) 2002;65:212-7 (PMID: 12166765).
36. Randolph MF, Gerber MA, DeMeo KK, Wright L. Effect of antibiotic therapy on the clinical course of streptococcal pharyngitis.
J Pediatr 1985;106:870-5 (PMID: 3923180).
37. Krober MS, Bass JW, Michels GN. Streptococcal pharyngitis.
Placebo-controlled double-blind evaluation of clinical response to
penicillin therapy. JAMA 1985;253:1271-4 (PMID: 39181900).
38. Hall MC, Kieke B, Gonzales R, Belongia EA. Spectrum bias of a
rapid antigen detection test for group A beta-hemolytic cal
pharyngitis in a pediatric population. Pediatrics 2004;114:182-6
(PMID: 15231926).
39. Maltezou HC, Tsagris V, Antoniadou A, et al. Evaluation of a
rapid antigen detection test in the diagnosis of streptococcal pharyngitis in children and its impact on antibiotic prescription. J Antimicrob Chemother 2008;62:1407-12 (PMID: 18786938).
40. Tanz RR, Gerber MA, Kabat W, Rippe J, Seshadri R, Shulman
ST. Performance of a rapid antigen-detection test and throat culture in community pediatric offices: implications for management
of pharyngitis. Pediatrics 2009;123: 437-44 (PMID: 19171607).

Clin. Lab. 7+8/2017

9

