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ABSTRACT
Background: Acute tonsillitis is a very common medical condition. Despite different methods
of detection, all tests are based on GAS sampling using a throat swab. However, obtaining the
swab can elicit vomiting and is often accompanied by fear and apprehension in children. The
aim of this study was to find a non-invasive method for the detection of GAS pharyngitis.
Methods: A classic throat swab was obtained for culture, and a saliva sample was taken from
100 subjects recruited from Meuhedet Health Care Organization clinic. Real time PCR was
performed to detect GAS dnaseB specific gene in the saliva samples.
Results: 56% of the throat cultures and 48% of the PCR samples were positive for GAS. The
overall sensitivity and specificity of the saliva PCR method was 79% and 91% respectively;
NPV and PPV were 77% and 92% respectively. When excluding patients who presented on
the first day of fever, sensitivity and specificity increased to 90% and 100% respectively. No
other anamnestic or clinical findings increased the yield of the test.
Conclusion: Saliva-based PCR amplification of GAS DNA method is effective in detection of
GAS pharyngitis. Further studies are needed to achieve detection rates to replace the
traditional throat swab-based approach.
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Introduction

Acute tonsillitis is one of the most common medical
conditions for which children and young adults seek
medical advice. Although most episodes of tonsillitis
are caused by viruses, Group A streptococcus (GAS)
infection accounts for approximately 15% to 30% of
all cases in children and 5% to 15% of all cases in
adults [1,2]. The overlap in signs and symptoms of
GAS and non-streptococcal tonsillitis makes accurate
diagnosis based on clinical assessment alone very
challenging even for the astute physician. Accurate
diagnosis of streptococcal tonsillitis followed by
appropriate antimicrobial therapy is crucial for the
prevention of acute rheumatic fever as well as sup-
purative and other systemic complications [3]. A
rapid and correct diagnosis is also important to
avoid unnecessary antimicrobial therapy.

Laboratory diagnosis of GAS infections relies on
culturing the bacteria from clinical specimens [1].
Other methods of GAS detection include the Rapid
Antigen Test (RADT), an agglutination or immu-
noassay test for direct detection of the group A-
specific carbohydrate antigen. The specificity of
rapid antigen tests is generally high (approximately
95%), but the sensitivity ranges from 70% to
90% [4,5].

Recently, polymerase chain reaction (PCR) ampli-
fication-based tests were introduced to identify spe-
cific Ribosomal Ribonucleic acid (rRNA) and
Deoxyribonucleic Acid (DNA) sequences of S. pyo-
genes in pharyngeal specimens by a single-stranded
chemiluminescent nucleic acid probe [2]. A multi-
center evaluation study reported a sensitivity and
specificity of 99% and 99.6% respectively [6]. It has
been shown that the PCR test is rapid, cheap, sensi-
tive and specific test which can be used to replace the
culture and RADT test used today for the diagnosis of
GAS pharyngitis [7]. Although the methods of detec-
tion differ, all tests are based on GAS sampling using
a throat swab of the tonsils and the posterior pharynx
[5]. However, obtaining a throat swab is a compli-
cated procedure for non-medical personnel, is often
accompanied by fear and apprehension in children,
and can elicit vomiting.

The use of saliva as a diagnostic specimen has
recently attracted growing attention. It is easily col-
lected and can be used as a target for the detection of
different disease states. The use of saliva in the diag-
nosis of various bacterial infections such as period-
ontitis, mycoplasma respiratory infections and
gonococcal pharyngitis has been described [8–10].
Thus saliva may be a promising way to detect GAS
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less invasively and can also be collected by parents.
The aim of this study was to explore whether saliva
sampling for the detection of GAS DNA followed by
PCR amplification of specific GAS DNA sequences
could constitute a viable non-invasive method for
detecting GAS pharyngitis.

Methods and materials

This prospective study was conducted at the
Meuhedet Health Maintenance Organization clinic
(HMO), Jerusalem, Israel, between 1 September
2017 and 1 August 2018. The study was approved
by the ethics committee of the Hadassah Medical
Center and the Meuhedet HMO. Informed consent
was obtained from all subjects.

Study population

Subjects were eligible if they had a clinical diagnosis of
pharyngitis or tonsillitis based on clinical suspicion by
the physician corresponding to the Centor scoring cri-
teria, had no recent previous antibiotic therapy, no
substantial comorbidities no chronic illnesses besides
asthma, and no evidence of GAS carriage. GAS carriage
was excluded based on clinical symptoms. Subjects were
excluded if they had comorbidities or were already
being treated with antibiotics. For each subject, a throat
swab from the posterior oropharynx was obtained for
culture and a saliva sample (up to 0.5 ml) was taken in a
plastic container. The saliva sample was obtained by
voluntary spitting into the container after the swab
was obtained. The clinical data were documented for
each patient, including the presence of fever (>38°C),
additional symptoms, previous GAS pharyngitis infec-
tions, GAS pharyngitis in other family members and
length of time since the first manifestations of the
symptoms. In addition, relevant information from the
physical exam such as tonsillar exudate and lymphade-
nopathy were documented.

Throat culture

Swab specimens taken from patients were plated on
blood agar and incubated overnight at 37°C in anae-
robic conditions. Beta hemolytic colonies were taken
for identification on VitekMS (BioMérieux, France).

PCR testing

For purposes of control prior to testing, the system
was calibrated by a spiking method where GAS colo-
nies were added to GAS free saliva and the PCR
parameters were defined. Then a PCR was conducted
on 20 saliva samples for which the throat culture
results were already available.

All saliva samples were stored at 4°C for 1–7 days
prior to extraction of DNA. Bacterial DNA was
extracted from the samples, and real time PCR (RT-
PCR) was performed for the detection of the GAS
dnaseB specific gene. The amount of saliva was mea-
sured and assigned to one of four groups as follows: +
less than 30 μl, ++ 50–100 μl, ++ 100–150 μl, ++++
200 μl and above. To extract the bacterial DNA, the
sample volume was topped to 200 µl with sterile
water, boiled at 100°C for 10 minutes, frozen at
−20°C for 20 minutes and then centrifuged at 1000
rpm for 10 minutes. Amplification was performed
by a Rotor-Gene Q (QIAGEN), with an initial cycle
of 30 seconds at 95°C, followed by 40 cycles of
10 seconds at 95°C, 10 seconds at 60°C and 10 sec-
onds at 72°C. The samples were tested for dnaseB
with the Kapa SYBR® FAST qPCR Kit (KAPA
Biosystems, Wilmington, Massachusetts) using a
dnaseB-F and dnaseB-R primers mix (Slinger et al.
2011). The PCR mixture contained 2 µl of sample
DNA within a total volume of 25 µl. [11]. All the
samples were processed and the PCR was done by
the same laboratory technician. Throat swabs were
sent to the Meuhedet HMO Microbiology labora-
tory for bacterial culture.

Statistical analysis

Results were analyzed using SPSS 21.0 (SPSS Inc.,
Chicago, IL) statistical software package. Comparisons
of the throat cultures (gold standard) to the RT-PCR
results were performed. To test for significant differ-
ences between groups, Chi-square and t- tests were
conducted at a significance level of 0.05. All reported
p-values are two-tailed. The data were analyzed for
performance measures including sensitivity and speci-
ficity as well as positive and negative predictive values.
Sample size was calculated with WinPepi. Assuming
that 7–10% detection rate difference is considered neg-
ligible and expecting a total of 5–10% discrepant results,
we would need 96–102 pairs of observation with a
power of 80% and an alpha of 5% [12]

A Receiver operating characteristics (ROC) curve
and area under the curve (AUC) were calculated.

Results

A total of 102 subjects were enrolled. One subject
dropped out of the study, and another subject was
excluded due to loss of the saliva sample. A total of
100 subjects underwent analysis. The overall preva-
lence of GAS was 55% and 48% as determined by the
throat culture and saliva PCR, respectively. The aver-
age age (±SD) of the patients was 8.4 years (±2.6);
51% were females. Twenty- five percent of the sub-
jects had GAS pharyngitis in the previous six months
and 17% had an additional family member with GAS
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pharyngitis. Of the children who had a GAS infection
in the 6 months prior to the study, 58% had a positive
culture. Seventy- two percent of the subjects had
fever, 45% had exudates and 20% lymphadenopathy.
Of the patients with a positive culture, 51% had
exudates, 78% had fever and 18% had enlarged cervi-
cal lymph nodes. The average length of illness prior
to medical assessment was 1.4 days (±0.7).

No statistically significant difference was found
between the culture positive and culture negative
cohorts for the above parameters apart from com-
mencing empirical antibiotic treatment (p < 0.007)
(Table 1). No statistically significant difference was
found between the culture positive and the saliva
PCR positive cohorts for the above parameters either
(Table 2). Fifty-six throat cultures were positive for
the presence of GAS and 44 were negative. Forty-
eight saliva PCR samples were positive for the pre-
sence of GAS and 52 were negative. Twelve samples
were throat culture positive but negative on the saliva
PCR test and 4 samples were positive on the saliva
PCR test but negative on the throat culture. The
overall sensitivity of the saliva PCR test was 79%,
with a specificity of 91%, PPV 92% and NPV 77%
(Table 3). A ROC curve and AUC were calculated
(Figure 1), AUC was found to be 0.85 (P < 0.001).

An additional analysis of the saliva PCR method ver-
sus the throat culture revealed no correlation between the
amount of saliva in the sample, the presence of tonsillar

exudates, the presence of fever, age or the overall sensi-
tivity and specificity of the method.

Samples taken on days 2–4 of the disease demon-
strated a sensitivity of 90%, a specificity of 100%, a PPV
of 100% and a NPV of 85%. By contrast, samples taken
on the first day of the disease demonstrated a sensitivity
of 75%, a specificity of 85%, a PPV of 92% and a NPV of
77% (Table 3). Twelve samples had a positive culture
and a negative PCR. Eight of these samples (66%) were
taken on day 1 of the disease, and two (16%) were taken
on day 2, whereas two samples had no data on the day
of illness. Four samples had a negative culture and a
positive PCR, all of which were obtained on the first day
of the illness.

Discussion

Sore throat and tonsillitis are one of the most common
complaints for which children seek medical advice. In
order to confirm or rule out GAS infection of the
pharynx or tonsils, a bacterial swab is obtained in
selected cases from the posterior pharynx and tonsils
followed by culture on appropriate media [1]. While
only annoying and unpleasant in adults, the technique
of obtaining a throat swab in children may cause con-
siderable anxiety and apprehension. Furthermore, the
results take 2–3 days when the cultured specimen is
diagnostic [2,6]. Although numerous methods of GAS
detection in suspected tonsillitis are available such as
the traditional bacterial culture, the RADT and even
PCR based kits [13,14] they all rely on sampling the
posterior pharynx and tonsils with a swab.

By using a saliva – PCR based detection method, we
aimed to find a test that would be fast and accurate,
easily obtained by parents, and less conducive to the
anxiety and apprehension children experienced with
the throat swab technique. Saliva is more easily
obtained and stored [15–17]. The use of saliva based
PCR for the diagnosis of infectious diseases has been
reported for periodontal diseases [10], Neisseria gonor-
rhoeae [8] and Mycoplasma pneumoniae infections [9].
To the best of our knowledge, however, we are the first
to report the use of this method in the diagnosis of
tonsillitis. In one study comparing swabs taken from
the oral cavity using different detection methods, PCR
had a 40% sensitivity, RADT had a 20% sensitivity,
whereas culture had an 80% sensitivity. All methods
showed a specificity of 100%[18]. Another study using

Table 1. Comparison of demographic and clinical character-
istics: patients with positive and negative throat cultures.

Positive
culture
N = 56

Negative
culture
N = 44

P
Value

Age, years (SD) 8.6 (±3) 8.1(±2.2) 0.41
Female, n (%) 28 (50%) 21 (43.7%) 0.69
GAS in the past 6 months, n (%) 12 (21.4%) 13 (27.1%) 0.45
GAS in the family,
n (%)

12 (21.4%) 5 (10.4%) 0.15

Days of disease, days (SD) 1.4(±0.6) 1.5(±0.7) 0.89
Exudate, n (%) 29 (51.8%) 16 (33.3%) 0.11
Fever, n (%) 43 (76.8%) 29 (60.4%) 0.22
Cervical lymph node
enlargement, n (%)

10 (17.9%) 10 (20.8%) 0.62

Empirical ABX treatment, n (%) 35 (62.5%) 15 (31.3%) 0.007

Table 2. Comparison of demographic and clinical character-
istics: patients with positive throat cultures and positive PCR
for GAS.

Positive
culture
N = 56

Positive GAS
PCR

N = 48
P

Value

Age, years (SD) 8.6 (±3) 8.5 (±2.8) 0.89
Female (%) 28 (50%) 23 (47.9%) 0.78
GAS in the last 6 months (%) 12 (21.4%) 11 (22.9%) 0.91
GAS in the family (%) 12 (21.4%) 10 (20.8%) 0.85
Days of disease, days (SD) 1.4(±0.6) 1.4 (±0.6) 0.93
Exudate (%) 29 (51.8%) 22 (45.8%) 0.54
Fever (%) 43 (76.8%) 37 (77.1%) 0.97
Cervical lymph node
enlargement (%)

10 (17.9%) 7 (14.6%) 0.65

Empirical ABX treatment (%) 35 (62.5%) 32 (66.7%) 0.66

Table 3. Comparison of sensitivity and specificity of Saliva
PCR vs. Bacterial cultures as a function of the number of days
since manifestation of symptoms.

All days Day 1 Day 2–4

sensitivity 79% 75% 90%
specificity 91% 85% 100%
PPV 92% 86% 100%
NPV 77% 73% 85%
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saliva- based PCR in periodontal disease reported a
sensitivity of 86–89% and a specificity of 84–95% [19].

In the current study, the overall sensitivity and speci-
ficity were 79% and 91% respectively. This compares
favorably to the 70–90% sensitivity and 95% specificity
of the RADT test, but is lower than the 99% sensitivity
and 99.6% specificity for the swab-based PCR test [2,4,6].
It is worth noting that when we subdivided our cohort
into early (first day) and late (days 2–4) specimen collec-
tion, a significant improvement in the overall yield was
obtained, in that the sensitivity on day 1 was 75%
whereas on days 2–4 it improved to 90%. The specificity
on day 1was 91% but rose to 100% on days 2–4. The
difference in yield was apparent in both the false positive
and the false negative measures. One possible explana-
tion is that the inoculum of the bacteria in the posterior
pharynx is still low on the first day of the illness and in
some cases below the detection threshold of the saliva
based PCR kit, hence producing false negatives. The false
positive cases may have resulted from failure to touch an
infected surface when obtaining the swab due to the low
inoculum, whereas there were enough PCR fragments in
the saliva to be detected by our method.

It could be argued that the saliva technique only
obtained saliva from the proximal oral cavity.
However, this explanation fails to account for the
discrepancy between the early and late yield results.

Limitations

This study has several limitations, the first of which was
the small cohort. In addition, the saliva samples were
stored in appropriate cooling conditions up to a week

before PCR performance, whereas the swabs were imme-
diately sent to culture. Furthermore, the saliva samples
were taken after the pharyngeal swab, and thismight have
spread bacteria from the pharynx to the saliva, thereby
enhancing the detection rate.

Nevertheless, this study is the first to report a PCR
detection method for GAS using saliva samples.
While this noninvasive method demonstrated overall
good sensitivity and specificity for GAS detection,
further studies are needed to optimize the yield and
general performance of the method.
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