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Gene, Multiplex PCR,

Pathogen, Sputum Background & Objective: Streptococcus pneumoniae, Haemophilus influenzae and

Streptococcus pyogenes are among the most important causes of infection in human.
Inventing rapid methods to identify these species can help in providing appropriate and
effective treatment options. Therefore, the current study aimed to develop a multiplex
touch-down PCR method to identify rapidly the aforementioned species patients'
sputum samples, simultaneously.
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L 13;. e qgié Methods: A total of 50 sputum samples of patients with respiratory infections resistant

R ey to treatment were collected. After DNA extraction and primer design, the complete
capsule (CAP) region II, capsular polysaccharide biosynthesis (cpsA) and the structural
regulator of transcription (spy) genes were amplified for detecting H. influenzae, S.

Main Subjects:

Microbiology pneumoniae and S. pyogenes by multiplex touch-down PCR.

Results: Among 50 samples prepared from patients with different diseases, 27 samples
were positive for amplified genes. The frequency of presence of pathogens in the
collected samples included 14% H. influenzae, 20% S. pneumoniae and 20% S.
pyogenes. Also, in some patients, the simultaneous presence of two or three pathogens
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were observed.

Conclusion: In general, it can be concluded that the PCR touchdown method developed in
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the present study is an effective and fast method for the simultaneous identification of H.

influenzae, S. pneumoniae and S. pyogenes pathogens in clinical samples of patients.
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Introduction

Streptococcus pneumoniae is the main cause of
pneumonia, and it is one of the important causes of
meningitis, bacteremia, sepsis, otitis media and sinusitis
(1). Classically, the diagnosis of this microorganism is
obtained from its proper growth from the appropriate
sample. This bacterium has been one of the most
important human pathogens known in the last 100 years,
which has caused many illnesses and deaths (2). S.
pneumoniae is easily colonized in the nasopharyngeal
canal and causes a wide range of asymptomatic and mild
diseases to serious respiratory infections and invasive
infections such as meningitis (3). Streptococcus
pyogenes also causes a wide range of non-fatal surface
diseases such as impetigo, pharyngitis and fatal diseases
such as streptococcal toxic shock syndrome (STSS) (4).
Haemophilus sp. also causes a wide range of diseases in
humans such as respiratory diseases (5). The dominant
species of this bacterium is Haemophilus influenzae,
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which is mostly isolated in the oral cavity and pharynx,
but is absent in the nasal cavity. The non-capsulated
strain of this bacterium, biotype III and II, is mainly
present in the pharynx of healthy children (6). All the
three aforementioned bacteria are present as normal
flora in the upper respiratory system and can become
pathogenic when a person has a weakened immune
system.

Respiratory system diseases have different causes,
but they have common clinical and pathophysiological
characteristics. The bacteria present in the respiratory
system enter this area in different ways; some of them
enter the lower air system through inhalation of air and
another group enter the lower air system through
microaspiration of mucous secretions from the oral
cavity and upper air system (7). In a healthy person, the
innate defenses in the respiratory system generally
prevent infection. Innate immune mechanisms include
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mucociliary clearance, engulfment of foreign substances
by alveolar macrophages, and opsonization or inhibition
of bacteria by soluble liquid components on the airway
surface (8).

Diagnosing the mentioned bacteria through
traditional methods such as culture is very cheap and
facilitates the identification of antibiotic resistance. But
these methods are time-consuming and the possibility of
creating false results disrupts the treatment process and
lead to choosing inappropriate antibiotics. Therefore, it
is vital to develop new methods that are very sensitive,
accurate and fast (9). Recently, more specialized culture-
based approaches allowed the detection of most
organisms associated with the human body. However,
the cost of this effort is very unfortunate both in terms of
time and money (10). The development of molecular
approaches that are able to identify many species in
parallel by examining the genetic content or microbiome
provides a more comprehensive view of microbial
communities (11). Several indirect methods, including
fingerprinting [denaturing gradient gel electrophoresis
(DGGE), terminal restriction fragment length
polymorphisms (T-RFLP), temperature-time gradient
gel electrophoresis (TTGE)], hybridization (clonal
hybridization, microarray), and PCR Multiple touch has
been used to investigate the microbiota in clinical
samples (12). The aim of this study was to develop a
multiplex PCR method to detect H. influenzae, S.
pneumoniae and S. pyogenes in clinical sputum samples.
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Material and Methods

Clinical Samples

Sputum samples were obtained from 50 patients
hospitalized in the ICU department of Pars Hospital in
Tehran, Ieran, between March 2018 and August 2019.
All clinical data including gender, age and the
underling diseases were obtained and recorded. After
examining the samples by gram staining and
confirming the presence of less than 5 epithelial cells,
the samples were treated with mycolysin solution. In
this phase, the samples were incubated for 90 min at
37°C and then stored at -70°C for further investigation.
Written consent was obtained from all the patients to
enter the study. The researchers adhered to the
Declaration of Helsinki during the implementation of
the experiment and sampling.

DNA Extraction and Primer Design

Microbial DNA extraction kit was used for DNA
extraction (Qiagen, Hilden, Germany). The quality and
quantity of extracted DNA were confirmed by
NanoDrop™ (Thermofisher, Waltham, Massachusetts,
United States) and gel electrophoresis, respectively.

The sequences of primers used for amplifying the
complete capsule (CAP) region II, capsular
polysaccharide biosynthesis (¢ps4) and the structural
regulator of transcription (spy) genes are given in Table 1.

Table 1. The sequences of primers used for amplification of spy, cps4 and cap genes

Amplicon
Species Genes Primer sequence (5'-3") Reference
size (bp)

S. pyogenes
S. pneumoniae cpsA 177

H. influinzae cap 653

Touchdown PCR

The reaction mixture included 25 pL of mastermix
(RED amplicon), 1.6 uL of spy primer, 1.4 pL of cps4
primer, 1 pL of cap primer, 9 L of DNA, and 12 pL
of deionized water, making a final volume of 50 pL.

The PCR time-temperature program consisted of
one cycle of 94°C for 7 min, 20 cycles of 94°C for 30
s, 61°C for 30 s, and 72°C for 30 s, 15 cycles of 95°C
for 30 s, 55°C for 30 s and 72°C for 30 s, and final a
cycle of 72°C for 7 min.

At the end, the PCR products were sent to Pishgam
Cop. (IRAN) to determine the sequence of nucleotides,
and the results were analyzed on the NCBI website and
the Blast program, and finally the desired sequence was
compared with other bacteria in terms of homology.
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F:AAAGACCGCCTTAACCACCT Luo, Y.C., et al.
R:TGGCAAGGTAAACTTCTAAAGCA 2012

F:AGTGGTAACTGCCTTAGTCCTA Luo, Y.C., et al.
R:GTGGCGTTGTGGTCAAGAG 2012

F:ATGTTAGATCGTGCGGATACTC Luo, Y.C., et al.
R:GCGAGGAACAGAACCATCAG 2012

Results
Clinical Data

Out of the 50 examined patients, all of them were
suffering  from treatment-resistant  nosocomial
infections, and in terms of gender, 30 were men (60%)
and 20 were women (40%). These patients were in the
age range of 21 to 90 years. The most common
underling diseases were diarrhea and COPD (each
12%). Also, pneumoniae, influenza and rectal cancer
(each 10%) were prevalence in patients. Of the 50
samples, 40 (80%) were sputum, 7 (17%) were
Bronchoscopy and bronchoalveolar lavage (BAL) and
3 (6%) were tracheal tube (Table 2).
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Table 2. Clinical data of the patients enrolled in current study

Characteristics N (%)
Gender 50
Male 30(60)
Female 20(40)
Underling diseases
ARDS 2(4)
Embolism 2(4)
Bronchiectasis 4(8)
COPD 6(12)
Pneumoniae 5(10)
Asthma 4(8)
Influenzae 5(10)
Rectal cancer 5(10)
Tuberculosis 4(8)
Femoral fracture 2(4)
Sepsis 12)
Diarrhea 6(12)
Gastric cancer 3(6)
Pleurisy 1(2)
Samples
Sputum 40(80)
Bronchoscopy and Bronchoalveolar Lavage (BAL) 7(14)
Tracheal tube 3(6)

Molecular Identification of Pathogens

The multiplex touchdown PCR reveled 27 positive
cases, in which H. influenzae was detected in 7 cases
(14%), S. pneumoniae in 10 cases (20%) and S.
pyogenes in 10 cases (20%). In 5 samples, H.
influenzae  and S. pyogenes were detected
simultaneously. H. influenzae and S. pneumoniae were

N T be

seen simultaneously in 6 samples. Finally, S
pneumoniae and S. pyogenes were detected in 5
patients, simultaneously (Figure 1).

H. influenzae, S. pneumoniae and S. pyogenes
frequencies in clinical samples based underling
diseases are given in Table 3.

Fig. 1. The amplifications of the complete capsule (CAP) region II, capsular polysaccharide biosynthesis (cps4) and
the structural regulator of transcription (spy) genes in clinical samples by touchdown multiplex PCR.

Lane 1: H. influenzae ATCC® 9006TM (Hib), S. pneumoniae ATCC® 36059TM; S. pyogenes ATCC®
19615TM; Lane 2 & 3: H. influenzae, S. pneumoniae, S. pyogenes clinical samples; Lane 4: Negative control
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Table 3. The detections of H. influenzae, S. pneumoniae and S. pyogenes in clinical samples based underling diseases
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[H. influenzae 7 1
S. pneumoniae 10
S. pyogenes 10 1
H. influenzae
+ 5 1

S. pyogenes
H. influenzae
+ 6 1
S. pneumoniae

S. pneumoniae

+ 5 1
S. pyogenes
Total 43

Discussion

Traditional methods such as culture and serology
are not enough to investigate and diagnose the
respiratory system microbiota. It is very difficult to
quickly diagnose these bacteria based on phenotypic
characteristics, so fast and modern diagnostic methods
are needed (13). Today, it is known that the sensitivity
and specificity of culture-based methods for detecting
microbiota are very low, so methods based on high
sensitivity and rapid detection, such as molecular
methods, are very useful for detecting bacteria in the
respiratory system microbiota (14). In the present
study, both the conventional PCR method and the
multiplex method were used to detect S. pneumoniae,
S. pyogenes and H. influenzae. The results showed that
the identification of microbiota using the multiplex
method was faster than the conventional PCR method.
In the research conducted by Maleki ef al. (15) in Iran,
it was shown that molecular methods such as multiplex
PCR were the most effective in detecting the
microbiota of the respiratory system. In another study
in England (16), the detection of S. pneumoniae, S.
pyogenes, and H. influenzae using molecular methods
was much more efficient. Many studies have proven
higher sensitivity and accuracy and less time of the
multiplex method in identifying bacteria than other
methods such as conventional PCR and sample culture.
Similar to the findings of the present study, in a study
conducted by Gillis et al. (17), it was observed that
conventional PCR has a very low sensitivity in the
detection and isolation of S. prneumoniae from the
nasopharyngeal swab sample of pneumonia patients.
This difference in identification can be due to the
difference in the type of sample that was used in the
present study. In the multiplex touch-down method, the
sensitivity of detecting S. pneumoniae was lower than
H. influenzae, which can be attributed to the presence
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of the autolysin A gene in Streptococcus, reducing the
sensitivity of S. pneumoniae detection (18). In the
study conducted by Shakib and Zolfaghari (19), it was
found that Real time PCR technique has 100%
sensitivity in detection S. pneumoniae present in
sputum. Fan et al. in China (20) reported that the
sensitivity of the multiplex PCR method in identifying
Haemophilus species for omp6 and bexA genes were
100 and 99.8%, respectively. In our study, H.
influenzae, S. pneumoniae and S. pyogenes were
detected in 14%, 20% and 20% of samples,
respectively. In the study of Aydemir ef al. in Turkey
(21), S. pneumoniae, H. influenzae and S. pyogenes
were identified in 15.2, 12.7 and 14.7 %, respectively.
In another study in England (22), H. influenzae
(40.2%) was more isolated than S. preumoniae
(35.6%). However, very few studies in Iran have
investigated microbiota bacteria related to respiratory
infections. In a study conducted by Naderi ef al. (23),
the highest isolation rate was related to S. pneumoniae
(24.4%). The reported frequency was higher than in our
studies for S. pneumoniae. In the research conducted
by Temesgen et al in Ethiopia (24), which was
conducted using culture methods and biochemical
tests, the rate of identification of S. pneumoniae was
higher than in the present study (35.9) and the rate of
isolation of 2 other bacteria, H. influenzae and S.
pyogenes ( 8.4 and 6.9%, respectively).

According to the research done in relation to the
molecular diagnosis of pathogenic agents, in this
research we tried to improve the PCR method and use
new and innovative techniques to save costs and
consumables in the laboratory routines and rapid
diagnosis of pathogens to speed up the process of
diagnosis, prevention and treatment. As in this
experiment, we also checked the quality of bacteria
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detection with the classic multiplex PCR method, and
the result was that it took more time and money to reach
the appropriate protocol, and unwanted products and
non-specific bands were created during amplification.
In similar projects that were carried out in different
parts of the world, they also found that the unwanted
production during gene amplification is reduced with
the multiplex touch-down PCR method compared to
the simple multiplex method. In addition, by
simultaneously performing the detection of bacteria
using the traditional method such as biochemical tests
and serological tests found that almost both diagnostic
methods were similar in terms of correct identification,
while the multiplex touch-down PCR method is much
lower in terms of time and cost, and has higher
accuracy.

Conclusion

Early identification of infectious agents in the
respiratory system can reduce complications and
prevent overuse of antimicrobial drugs. Conventional
and old methods such as culture and serology are not
always sufficient to detect the microbiota of the lower
respiratory tract. Therefore, new diagnostic methods
are needed. In this study, we designed and

References

implemented the multiplex touch-down PCR method to
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