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Abstract

Background: The purpose of current study Isolation and identification of Streptococcus
pyogene from patient, culturing bacteria, diagnosis Strept. pyogene infection by different
methods and molecular detection by virulence factors genes SpeA, SpeC and speK and
comparison between different type of methods to detection for Streptococcus pyogene.
Methods: The clinical samples were taken during the period from October 2021 to end February
2022 for 141 patients suffering from acute tonsillitis, pharyngitis, otitis media, acute fever, and
UTI patients. from both sexes the ages between 5 -60 years old. 102 samples showed bacterial
growth in culture, and No growth was seen in other 39 samples from ENT unit in Marjan
Teaching Hospital and Al- Sadiq Hospital in Hilla city, Babylon province, and Al- Hussiany
Hospital Kerbala province. Results: The results shown differences in Sensitivity, Specificity and
Accuracy between different detection methods, the standard method was molecular and when
comparison with other methods shown Sensitivity 100%, Specificity 80.0 % Accuracy 81.8 % in
vitik2 methods and Sensitivity 100%, Specificity 0.0 % Accuracy 9.1 % in direct detection
methods. Molecular Detection of virulence genes was done through utilizing Specific PCR
primers. SpeC found that was observed in 3 of 9 (33.33%) samples from patient's throat swab
of S. pyogenes detection by vitek 2 system. that contain this gene with the long length in
(270bp), and SpeA gene of S. pyogenes it was found 3 isolates from 9 identifications in Vitek2
(33.33%) patient’s samples from throat of S. pyogenes has gene with the long length in (102bp).
accuracy (100%) of diagnosis arised from 33.33%, 9 Specimen from throat with Spec gene and
33.33%, 9 Specimen from throat with SpeA gene and increase to the 100% when utilizing duplex
RT PCR to detect the same bacterium. Conclusion: There is different methods for detection
Strept. pyogene, the best one with high accuracy and specificity molecular method then Vitek2
methods and Direct detection method had very low accuracy and specificity.
Keywords:_Streptococcus pyogene, SpeA, SpeC and speK genes, Sensitivity, Specificity and

Accuracy.
1. Introduction

GAS is a Gram-positive bacterium, B-hemolytic, with a
low G+C % DNA content. Cocci is assembled in chains
of minimum two cocci. GAS is grown on blood or Todd
Hewitt broth supplemented with 0.2% yeast extract
agar plates and its multiplication is favored by CO2 and
anaerobia. GAS is auxotroph for 15 amino acids and its
primary source of carbon is glucose (1).

These genes code for a variety of virulence factors, such
as exotoxins that are often superantigens and DNases
like streptodornase. It's not clear where the genes that
code for toxins in phages came from, but since these
genes don't seem to be involved in the phage's ability
to copy itself, it's likely that they were added to the
phage at a late stage in its evolution. It has been
suggested that virulence factors could be acquired by
phages through imprecise excision events (2), But it has
not been seen that known phage-associated virulence
genes can be found on the bacterial chromosome.
There are some superantigen genes that are not linked
to prophages (3) (4).

In each strain of S. pyogenes, the SpeB and speJ genes
may be found in the central region of the bacterial
chromosome. Nevertheless, although it is there and that
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its nucleotide sequence displays a high level of
conservation, between 25 and 40 percent of these
strains do not express significant amounts of the SpeB
toxin. (5). In contrast, bacteriophages are responsible for
encoding the SpeA, SpeC, and speH-M genes.

Several years ago, a method based on the detection of
nucleic acids was devised for the direct diagnosis of S.
pyogenes from clinical throat swabs. Using a single-
stranded chemiluminescent nucleic acid probe, the
GAS Direct test detects rRNA sequences of S.
pyogenes in pharyngeal Specimens (6). A commercial
polymerase chain reaction (PCR) approach employing
the illumigene technology for the direct detection of S.
pyogenes. (7) has just lately been given clearance by
the FDA. In a study that was conducted across multiple
centres, it was shown that the illumigene test had an
excellent sensitivity of 99 percent and a Specificity of
99.6 percent. (8)(9).

2. Material and Methods

Collect samples

Pharyngitis swabbing was obtained with sterile
cotton swabs. The swab should be used to collect as
much exudates as possible from the tonsils and
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posterior pharyngeal wall, Ear swabbing, venous
blood was obtained from each patient and placed in
EDTA tubes was utilized to carry out blood culture,
sputum and urine sample. a total of (141) throat
swabs, blood, sputum, ear discharge and urine
sample obtained from patients suffering from acute
tonsillitis, pharyngitis, otitis media, acute fever, and
UTI patients. Male and female age between (5-60)
years. Taken from ENT unit in Marjan Teaching
Hospital and Al- Sadiq Hospital in Hilla city, Babylon
province, and Al- Hussiany Hospital Kerbala
province, during the period from October 2021 to
end February 2022.

Culture media prepare

The following general culture media are prepared
according to standard procedures of Himedia
company, and they are utilized in the following tests:

Blood agar medium

This medium used both as an enrichment medium for
the culture of the bacterial isolates and as a media for
determining the bacteria's capacity for blood hemolysis.

Nutrient agar medium

It is utilized for general examinations as well as the
cultivation and activation of bacterial isolates.

Nutrient Broth

It is utilized for general testing, culture, and
activation of bacterial isolates for antibiotic
susceptibility testing using the disc diffusion method.
Additionally, it is utilized for the sugar ferment test.

Streptococcus selection agar

This medium was utilized in the process of isolating
bacterial isolates for the purposes of general purification.
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Brain heart infusion broth with 15% glycerol.

This medium was employed as an enrichment
medium for bacterial isolates that had been kept for
an extended period.

Identification process with Vitek 2 System

The Vitek-2 automated system (BioMerieux, France)
for identification of BHS isolates. The isolates were
achieved according to manufacture instructions.

Molecular detection

Molecular detection of Strept. pyogene by
conventional PCR is used to amplify DNA fragments
that contain the targeted sequence of the
superantigens (SpeA, SpeC,speK) genes.

3. Results and Discussion

In current study, a total of (141) throat swabs, blood,
sputum, ear discharge and urine sample obtained from
patients suffering from acute tonsillitis, pharyngitis, ofitis
media, acute fever, and UTl patients. from age (5-60) years
male and female. Sample taken from ENT unit in Marjan
Teaching Hospital and Al- Sadig Hospital in Hilla city,
Babylon province, and Al- Hussiany Hospital Kerbala
province, during the period from October 2021 to end
February 2022. All swabs were subjected to aerobic
culturing on selective media and showed this result.
When comparison different type of identification
methods for bacterial isolate appeared as the result
showed in table (1) more accuracy method for
diagnosis S. pyogenes is molecular method isolated
3 isolates only from 102 with growth, then Vitek 2
diagnosis 9 isolate of S. pyogenes from 102 and last
Direct and culture method with 33 isolate of S.
pyogenes from 102. Also, high significances
differences through P value (0.00001**).

No. of Isolate
Bacterial type Direct and culture method Vitik 2 molecular Pvalue
Sococcus pyogenes 33 9 3 0.00001**
Streptococcus agalactiae 4 5 0 0.09697
Streptococcus pneumonia 9 12 0 0.00381*
Streptococcus mitis 4 8 0 0.01832*
Staphylococcus aureus 52 42 0 0.00001**
Streptococcus parasanguinis 0 8 0 0.00732*
Staphylococcus oralis 0 5 0 0.3114
Streptococcus salivarius 0 6 0 0.01832*
Streptococcus sanguinis 0 8 0 0.00732*
NO growth 39 39 3 0.00001**
Total 141(100%) 141(100%)
* Means significance differences (P <0.05) ** means high significances differences (P <0.001)

Sensitivity, Specificity, Predictive Value,
and Efficiency of diagnostic tests

We can learn about the caliber of diagnostic tests
through cross-tabulation tables. In order to
determine whether a patient has a disease, doctors
frequently order tests. Following a patient's
diagnosis and testing, one of four things may
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happen: True Positive (TP), in which the screening
test successfully identifies a patient as having the
disease (i.e., the disease is detected by both the
diagnostic and the screening test); Both the
diagnosis and the screening test must be negative in
order for the result to be considered True Negative
(TN); otherwise, the result is considered False
Positive (FP).
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DIAGNOSIS
Condition Absent

Screening Condition Present

True Positive False Positive

(TP) (FP)

False Negative ~ True Negative
(FN) (TN)

Test Positive

Test Negative

Sensitivity, specificity, positive predictive value,
negative predictive value, and efficiency are used to
describe a screening test's clinical performance. The
likelihood that a test will be positive when
administered to a group of patients who have the
condition is known as test sensitivity (Sn). It is
calculated using the formula Sn = (TP/ (TP + FN)) 100
and is shown as the proportion of patients who are
accurately diagnosed as suffering from the condition.
In other words, sensitivity can be thought of as 1 the
fraction of false negatives (10).

Sn = (TP/ (TP + FN)) x 100, (1 - the false negative rate)
Sp = (TN/[TN + FP]) x 100, (1 - the FP rate)

The positive predictive value (PPV) or (Precision): PPV
= (TP/ [TP + FP]) x 100

The negative predictive value (NPV): NPV = (TN/ [TN
+ FN]) x 100

The efficiency EFF or (Accuracy) = (TP + TN)/ [TP +
TN + FP + FN]) x 100

For detecting Sensitivity, Specificity and accuracy in
result as shown in table (2) when depending on the
molecular diagnosis as golden method, Vitek2
appear Specificity (80%) and Accuracy (81.8%)
compare with standard method molecular.

Diagnostic test |Gold standard (Molecular)| Precision
VITEK Positive | Negative | Total | PPV | NPV
Positive 3 6 9 [33%|100%

Negative 0 24 24
Total 3 30 33
Sensitivity 100%
Specificity 80.0 %
Accuracy 81.8 %

In table (3) Results shown Specificity and accuracy for
direct identification method when consider

molecular detection method as golden method and
compare with it appear Specificity (0.0%) and
Accuracy (9.1%).

Diagnostic test |Gold standard (Molecular)| Precision
Vitek Positive | Negative | Total | PPV | NPV
Positive 3 30 33 [9.1%]0.0%
Negative 0 0 0
Total 3 30 33
Sensitivity 100%
Specificity 0.0 %
Accuracy 9.1 %
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Molecular detection of Streptococcus
pyogene virulence genes (SpeA,SpeC)

Molecular Detection of virulence genes genes was
Achieved through the Utilization of specific PCR
primers. Result shown that SpeC was spotted in 3 of
9 (33.33%) samples from patient’s throat swab of S.
pyogenes detection by vitek 2 system that contain
this gene with long (270bp) as shown in figure (1).

speG gene
270pb

Figure(1)Gel electrophoresis of PCR of Spec; molecular
weight marker of ladder (270bp), samples obtained
from throat swab at volt 70 for 60 min.

Besides, virulence gene of S. pyogenes SpeA codes
toxin, it was found 3 isolates from 9 identification in
Vitek2 (33.33%) patients samples taken from the
throat this gene show long (99bp) as showed in
figure (2).

1100 pb

500 ph s

speAgene 102 pb- — -

Figure(2)Gel electrophoresis of PCR of SpeA; molecular
weight marker of ladder (102 bp), samples obtained
from throat swab. At volt 70 for 60min.

Since Strept. pyogene is one of the most important
human pathogens among Gram-positive organisms
and is caused a wide range of infections, it is
remarkable how precisely this bacterium can be
detected from a clinical sample. For the past 20
years, a variety of techniques, including the Direct
approach, culture techniques, and PCR, have been
used to identify Strept. pyogenes (11).
The range of the PCR sensitivity measured through
serial dilutions for DNA isolated from cultures of
Strept. pyogene pure cell was around 100" ng of
template. But amplification can be seen in 5-mL
aliquots of 10°5 dilution when the serially diluted cell
culture aliquots were collected straight for PCR. 32
CFUs were found in 100 mL of a 1075 dilution (12).
This suggests that PCR employing SCAR primers is
capable of diagnosis single or small number of
Strept. pyogene bacterial cells. These tests validate
the PCR qualitative threshold level for amplification
signal detection. The creation of SCAR primers may
lessen the current range of confusion around the
2559
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identification of Strept. pyogene. Previous
publications claim that Strept. pyogene is mistakenly
identified because GCS and GGS express the
Lancefield's group A antigen. GCS and GGS were
once thought to be commensal organisms that were
a natural component of the flora on the throat, skin,
and other mucosal tissue. As a result, they only cause
opportunisticillness in those who had preexisting risk
factors. But, in healthy people, GGS is more
frequently linked to a range of illnesses that
resembles GAS (13).

This interspecies recombination interchange from
GAS donor to (GCS-GGS) recipient may be the cause
of the comparable antigen sharing between two
different  Streptococcus  species.  Integrative
conjugative elements are known to mediate local
gene transfer between GAS and GGS or GBS and
GGS, according to modern investigations (14).

An earlier study showed how to utilize Cycler PCR to
identify Strept. pyogene for throat swab samples
utilizing PCR Cycler Strept. primer (15). In contrast to
the SCAR primers, which detected 3 more positives
(84 vs. 3) from 84 throat samples, the primer
detected 3 positives (102 from cultural method) out
of 141 total samples. The SCAR primers were more
successful in identifying Strept. pyogene than
culture-based analysis, like the PCR Cycler Strept.
primer. The SCAR primers were shown to be
significantly more sensitive (approximately three
times) than utilizing the cultural method when
comparing the effectiveness of the two techniques.
The outcome implies that the SCAR primers may be
particularly utilized to detect strains of Strept.
pyogene. The sensitivity of SCAR primers was much
higher (statistical significance P<0.05) comparison
with detection by conventional microbiology cultural
method (16). Methods that depend on culture could
miss very small bacterial amount. Due to the rapid
proliferation of organisms in the enriched media,
strains may be missed in culture analyses.
Furthermore, examine for all  b-hemolytic
streptococci is time-consuming and risky, as it can
false-negative provide results. Consequently, will be
an effective tool for the quick and early diagnosis of
Strept. pyogene infection by SCAR primers (17).
This result differs from that revealed by (18), who
discovered that Strept. pyogene may produce the
SpeA gene atarange (51%), whereas (19) discovered
that the SpeA gene was percentage 16% throat
samples (20) discovered that the prevalence of the
SpeA gene was 72% in patients with tonsillitis, 51%
in invasive cases, and 44% in upper respiratory tract
cases. According to the distribution of toxin gene
profiles, SpeA, which codes for the streprococcal
pyrogenic exotoxin A, was substantially conserved,
while SpeA and Spec were found in varying amounts.
For instance, there has been conflicting information
regarding the relationship between invasive diseases
and the Sococcal exotoxin genes SpeA and SpeA,
which are assumed to be significant in invasive
disease (21).

According to research on the prevalence of the Spe
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genes, the great majority of GAS strains only encode
SpeB, whereas SpeA and Spec are found much less
frequently. It has been demonstrated that most
strains associated with severe Sococcal infections
can produce the SpeA toxin. The protease SpeB
appears to be responsible for the significant tissue
destruction seen in many patients with severe
invasive illness, including toxic shock-like syndrome.
Most isolates from episodes of severe invasive illness
and toxic shock-like syndrome production SpeA (22).
The result of a GAS infection is dependent on several
parameters, including host immunity and exotoxin
generation, in addition to the strain of the organism.
Because GAS has been demonstrated to induce
invasive disease without the superantigen genes
SpeA and Spec, bacterial traits may possibly play a
pathogenic role in severe Sococcal infections (23).
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