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Abstract 
     Streptococcus pneumoniae is one of the main humans pathogens, it is important cause of 
community-acquired pneumoniae. It causes clinical respiratory signs in lower and upper respiratory tract. S. 
pneumoniae may also occur in the upper respiratory tract, and can be detected from nasopharyngeal 
secretions. In this study, we developed a Real-Time PCR specific for direct detection of Streptococcus 
pneumoniae to be applied from nasopharyngeal secretions in adult patients with respiratory tract infections. 
The Real-Time PCR Primers were designed from the highly conserved of 16S ribosomal RNA gene of S. 
pneumoniae. Study results, were show that Real-Time PCR was highly sensitive and specific of up to 98% 
in detection of S. pneumoniae from nasopharyngeal secretions. Where, the bacteria recorded 34 positive out 
of 46 specimens (73.9%). The study  concluded that the used Real-Time PCR assay was provide a sensitive 
and reliable means for rapid detection of S. pneumoniae in upper respiratory tract infection and this assay 
may serve a suitable molecular diagnostic tool for detection of S. pneumoniae from nasopharyngeal 
secretions. 
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  التشخیص المباشر لبكتریا 

Streptococcus pneumoniae  باستخدام تقنیة RT-PCR  للمرضى المصابین  

  بالتھابات الجھاز التنفسي العلویة والسفلیة في محافظة بابل

 الخلاصة
ئویة المكتسبة  والتي من أهم العوامل المرضیة للإصابة بالالتهابات الر  واحدة    Streptococcus pneumoniaتعتبر بكتیریا         

تظهر اعراضها السریریة من خلال التهابات وإصابة الجهاز التنفسي العلویة والسفلیة  والتي تم عزلها من الإفرازات التنفسیة من الانف 
ات التنفسیة في التشخیص المباشر للإصابات التنفسیة للمرضى من عینات الافراز  RT-PCRوالحنجرة ، في هذه الدراسة تم استخدام تقنیة 

. 16S ribosomal RNAوقد تم تصمیم البرایمرات الخاصة بهذه الدراسة وفق البرنامج المتبع في تصمیم البرایمرات على اساس جین 
من %٧٣,٩أكثر حساسیة وخصوصیة في التشخیص المباشر للعینات ووصلت النسبة في هذه الدراسة إلى  PCRأثبتت الدراسة أن تقنیة 

والحنجرة للمرضى المصابین بالتهابات الجهاز التنفسي العلویة  الأنفيعینة إفراز تنفسي من المجرى  ٤٦العدد الكلي البالغ من  ٣٤العینات 
  .  والسفلیة 
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Introduction 
treptococcus pneumoniae is one 
of the main bacterial agents of 
community-acquired pneumoniae 

[1].Also it is an important cause of both 
mucosal and invasive diseases including 
otitis media, pneumonia, arthritis, 
septicemia, meningitis, and sinusitis [2, 
3]. The S. pneumoniae can also colonize 
the upper respiratory tract, it is generally 
accepted that pneumococcal infection 
begins with the colonization of the 
nasopharynx, which allows progression 
of S. pneumoniae into the lower parts of 
the respiratory tract, eventually leading 
to systemic diseases [4, 5]. Community-
acquired pneumonia (CAP) caused by 
Streptococcus pneumoniae is 
particularly associated with high 
significant of morbidity and mortality 
rates, especially in infants and elderly, 
ones and is a sixth most common cause 
of death in the United States and posses 
a major economic burden of the health 
care system [6]. 

 The diagnosis of Streptococcus 
pneumoniae by bacterial culture relies 
on the successful growth and 
identification of bacteria from blood 
cultures,and this method requires several 
days to yield results [7]. The limitations 
of culture-based detection of S. 
pneumoniae make the establishment of a 
definitive diagnosis to be difficult, where 
as the serologic assays for both antibody 
and antigen detection lack the specificity 
and sensitivity, respectivily [8]. Thus, 
more appropriate diagnostic tools need 
to be developed to improve the etiologic 
diagnosis of CAP caused by S. 
pneumoniae. Polymerase chain reaction 
(PCR) a molecular diagnostic technique 
was provide non-culture-based tools for 
a rapid identification of S. pneumoniae 
in respiratory tract specimens, pleural 
aspirate, and blood samples, respectivily 

[9]. Several studies have evaluated the 
use of high sensitivity of real-time PCR 
assays for the detection of S. 
pneumoniae DNA in blood samples of 
patients suspected with infection of 
invasive pneumococcal disease [10, 11]. 
However, rapid identification of 
bacterial diseases was providing early 
and appropriate pathogen oriented 
therapy with antibacterial drugs. The aim 
of the present study was to develop a 
method for rapid and direct detection of 
S. pneumoniae that has a high sensitivity 
with and specificity by use real-time 
PCR based syber green dye assay with 
primers specific for the 16S rRNA for 
the detection of S. pneumoniae. 
 

Materials and Methods 
Specimen collection: 46 nasopharyngeal 
secretions specimens were collected 
from adult patients with acute infection 
of upper respiratory tract from Babylon 
hospitals( Marjan, Al-Qasim, Al- 
Hashimia) at Babylon province. The 
samples were placed in25 ml sterile  
container and directly transported to the 
laboratory and stored in freezer until 
used for bacterial genomic DNA 
extraction. 
Extraction Bacterial genomic DNA: 
Bacterial genomic DNA was extracted 
from specimens of nasopharyngeal 
secretions by use (PrestoTM Mini 
gDNA Bacteria Kit, Geneaid. U.K). A 
1ml  of nasopharyngeal sample was 
placed in 1.5ml microcentrifuge tube and 
rotate in a high speed cold centrifuge at 
10000 rpm for 1 min, and then the 
supernatant was discarded. The 
remaining cell pellets used for genomic 
DNA extraction. Than, the extraction 
was done according to company 
instruction. After that, the extracted 
DNA was checked through Nanodrop 
spectrophotometer, then stored in -20C 

S 
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at refrigerator until perform Real-Time 
PCR. 
 
Real-Time PCR Assay 
     It was performed by use Syber green 
dye based amplification of 16S rRNA 
gene Streptococcus pneumoniae. The 
Primers were design in this study from 

Streptococcus pneumoniae strain KCCM 
41570 16S ribosomal RNA gene, partial 
sequence (GenBank: KC243783.1) by 
using NCBI GenBank Database and the 
last version of Primer3 plus design 
online, then the primer were provided by 
(Bioneer company. Korea) as show in 
table (1). 

 
                     Table (1 ) primer of 16 S ribosomal RNA gene  

Primer Sequence Amplicon 

16S rRNA 
F CTGTGGCTTAACCATAGTAG 

91bp 
R CTACGCATTTCACCGCTACA 

     
The Real-Time PCR amplification 
reaction was done by using 
(AccuPowerTM 2X Green star qPCR 
master mix kit, Bioneer. Korea) and the 

qPCR master mix were prepared for 
each sample according to company 
instruction as in the following table(2).

 
Table (2) qPCR master mix kit, Bioneer. Korea 

qPCR master mix Volume 

Genomic DNA template  2.5µL 

2X Green star master mix 25µL 

16SrRNA Forward primer (10pmol) 1µL 

16SrRNA Reverse primer (10pmol) 1µL 

DEPC water 20.5µL 

Total volume 50µL 
    

These qPCR master mix reaction 
components that mentioned in table(2) 
was placed in sterile white qPCR strip 
tubes and then transferred into Exispin 
vortex centrifuge for 3minutes, then 

placed in MiniOpticon Real-Time PCR 
system and applied the following 
thermocycler conditions as shown in the 
following table(3). 
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Table (3) q PCR step and thermo cycler conditions 

Repeat 
cycle Time Temperature qPCR step 

1 3 minute 95 °C Initial Denaturation 

45 

10 sec 95 °C Denaturation 

30 sec 55 °C 
Annealing\ Extension 

Detection(scan) 

1 0.5 sec 60-95°C Melting 

 

Results and Discussion  
      Real-Time PCR detection results 
obtained from nasopharyngeal secretions 
samples were positive for 34/46 (73.9%) 
of patients with upper respiratory tract 
infection.  The specificity of the real-
time PCR assay for S. pneumoniae with 

primers specific for the 16S rRNA gene 
was investigated  
by dissociation curve (Melt Curve).  In 
this study the positive amplification 
product samples show specific 
amplification at melt peak mainly at 
(Tm: 84C°) without primer diamer or 
nonspecific products (Fig. 1, 2). 

 
Fig. 1: Real-Time PCR amplification plots that shown the positive samples with 

amplification ranged from 29 to 32 cycles contained of DNA specific for S. 

pneumoniae while the negative samples which had no amplification remained under 

threshold line until 45 cycle. 
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Fig. 2: Real-Time PCR Melt curve that shows the melting point for S. pneumoniae 

16S rRNA gene ranged from 83.5°C to 84.5°C for positive samples, whereas no 

melting point for S. pneumoniae 16S rRNA gene negative samples. 

        
The present study have established a 
sensitive detection method that enabled 
rapid detection of Streptococcus 
pneumoniae in upper respiratory tract 
infection, this molecular detection 
method was depended on the selection of 
specific primers for S. pneumoniae used 
in Real-Time PCR amplification, which 
proved to be highly sensitive (100%) and 
specific (up to 98%) for the detection of 
S. pneumoniae in nasopharyngeal 
secretions samples (Fig. 2). 

 The CT values, which are 
inversely related to the quantity of 
organisms was ranged between 29 and 
32 at an annealing extension temperature 
of 55°C (Fig.1). Real-Time PCR assay 
for detection of S. pneumoniae also used 
by [12] who used real-time PCR that 
targeted the pneumolysin gene provided 
a sensitive and reliable method for 
routine rapid detection and 
quantification of S. pneumoniae present 
in nasopharyngeal secretions samples. 

 This assay may serve as a tool to 
study changes in the amounts of S. 
pneumoniae during lower respiratory 
tract infections. Other study by [13] who 
improved specificities of assay 
compared with those of currently 
available assays and considered the 
assays of choice for the detection of 
pneumococcal DNA. The advantages of 
real-time PCR over conventional assays 
are its rapid; elimination of the need for 
post processing steps which could 
contribute to contamination; and its 
wider dynamic range, which allows the 
detection over much larger variations in 
concentrations of the target. The most 
important advantage is the lower limit of 
detection, thus, the real-time PCR 
technology shows great sensitivity and is 
the only means of detection of some of 
the respiratory viruses [14].  

 The presence  of S. pneumoniae 
in nasopharyngeal secretions was agreed 
with [15]. Who is noticed that the 
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bacterial adherence is regarded as the 
first step in colonization of this 
bacterium on the respiratory tract 
surfaces, than the pneumococci adhere to 
nasopharyngeal buccal epithelial cells, 
lung vascular endothelial , 
bronchoepithelial cells, and also to lung 
resting pneumocytes too.  The present 
study concluded that the used of Real-
Time PCR assay was provided a 
sensitive and reliable means for rapid 
detection of S. pneumoniae in upper 
respiratory tract infection and this assay 
may serve as a suitable molecular 
diagnostic tool,and as a gold standard for 
detection S. pneumoniae from 
nasopharyngeal secretions. 
 

 Reference  
1- Remco, P., Peters, H., Richard, 

F., de Boer, Tim Schuurman, Sonja 
Gierveld, Mirjam Kooistra-Smid, 
Michiel ,A., van Agtmael, Christina 
M. J., Vandenbroucke-Grauls, Maike 
C., Persoons, J., and Paul, H., 
Savelkoul, M. (2009). Streptococcus 
pneumoniae DNA Load in Blood as a 
Marker of Infection in Patients with 
Community-Acquired Pneumonia. J. 
Clin. Microbiol. 47: 3308–3312. 

2- Rapola, S., Jantti, V., Haikala,R., 
Syrjanen,R., Carlone,G.M., 
Sampson,J.S., Briles,D.E., Paton,J.C., 
Takala,A.K., Kilpi,T.M., and 
Kayhty,H. (2000). Natural 
development of antibodies to 
pneumococcal surface protein A, 
pneumococcal surface adhesin A, and 
pneumolysin in relation to 
pneumococcal carriage and acute otitis 
media. J. Infect. Dis. 182:1146–1152. 

3- Barzilay, E. J., O'Brien,K.L., 
Kwok,Y.S., Hoekstra,R.M., 
Zell,E.M., Reid,R., Santosham,M., 

Whitney,C.G., and Feikin,D.R. ( 
2006). Could a single dose of 
pneumococcal conjugate vaccine in 
children be effective Modeling the 
optimal age of vaccination. Vaccine 
24:904-913. 

4- Wu, H.-Y., Virolainen,A., 
Mathews,B., King,J., Russell,M.W., 
and Briles.D.E. (1997). Establishment 
of a Streptococcus pneumoniae 
nasopharyngeal colonisation model in 
adult mice. Microb. Pathog. 23:127–
137. 

5- Barthelson, R., A. Mobasseri, D. 
Zopf, and Simon,P. (1998). Adherence 
of Streptococcus pneumoniae to 
respiratory epithelial cells is inhibited 
by sialylated oligosaccharides. Infect. 
Immun. 66:1439–1444. 

6- File TM Jr. (2004). Streptococcus 
pneumoniae and community-acquired 
pneumonia: a cause for concern. Am J. 
Med. 2: 39-50. 

7- Naomi Ehara, Kiyoyasu 
Fukushima, Hiroshi Kakeya, Hiroshi 
Mukae, Suguru Akamatsu, Akiko 
Kageyama, Atsushi Saito and 
Shigeru Kohno. (2008). A novel 
method for rapid detection of 
Streptococcus pneumoniae antigen in 
sputum and its application in adult 
respiratory tract infections. J.  Med. 
Micro. 57: 820–826. 

8- Kaijalainen, T., S. 
Rintamaki, Herva,E., and. 
Leinonen,M. (2002). Evaluation of 
gene-technological and conventional 
methods in the identification of 
Streptococcus pneumoniae. J. 
Microbiol. Methods 51:111-118. 

9- Falguera, M., Lo´pez,A.,. 
Nogue´s,A., Porcel,J.M and Rubio-
Caballero,M. (2002). Evaluation of the 
polymerase chain reaction method for 
detection of Streptococcus pneumoniae 
DNA in pleural fluid samples. Chest 
122:2212–2216. 



Medical Journal of Babylon-Vol. 11- No. 3 -2014   مجلة بابل الطبیة- المجلد الحادي عشر -  العدد الثالث - ٢٠١٤  
 

719 
 

10- Johansson, N., Kalin,M., 
Giske,C.G., and Hedlund,J. (2008). 
Quantitative detection of Streptococcus 
pneumoniae from sputum samples with 
real-time quantitative polymerase chain 
reaction for etiologic diagnosis of 
community acquired pneumonia. 
Diagn. Microbiol. Infect. Dis. 60:255–
261. 

11- Kee, C., S. Palladino, I. Kay, 
T.,Pryce,J., Murray,R., Rello,J., 
Gallego,M., Lujan,M., Munoz-
Almagro,C., and Waterer,G.W. 
(2008). Feasibility of real-time 
polymerase chain reaction in whole 
blood to identify Streptococcus 
pneumoniae in patients with 
community-acquired pneumonia. 
Diagn. Microbiol. Infect. Dis. 61:72–
75. 

12- Oliver Greiner, Philip J. R. 
Day, Philipp P. Bosshard, Fatime 
Imeri, Martin Altwegg, and David 
Nadal.(2001). Quantitative Detection 
of Streptococcus pneumoniae in 
Nasopharyngeal Secretions by Real-
Time PCR. J. Clin. Microbiol. 39: 
3129-3134. 

13- Maria da Gloria S. 
Carvalho1, Maria Lucia Tondella, 

Karen McCaustland, Luciana 
Weidlich, Lesley McGee, Leonard W. 
Mayer, Arnold Steigerwalt, Melissa 
Whaley, Richard R. Facklam, Barry 
Fields, George Carlone, Edwin W. 
Ades, Ron Dagan and Jacquelyn S. 
Sampson. (2007). valuation and 
Improvement of Real-Time PCR 
Assays Targeting lytA, ply, and psaA 
Genes for Detection of Pneumococcal 
DNA. J. Clin. Microbiol. 45: 2460-
2466. 

14- Van der Hoek, L., Pyrc, K., 
Jebbink, M., Vermeulen-Oost, W., 
Berkout, R., Wolthers, K., Wertheim-
van Dillen, P., Kaandorp, J., 
Spaargaren, J., and Berkhout, B.  
(2004). Identification of a new human 
corona virus. Nat. Med. 10:368-373. 

15- Hakansson, A., Carlstedt, I., 
Davies, J., Mossberg, A.-K.,  
Sabharwal, H., and Svanborg. C., 
(1996). Aspects on the interaction of 
Streptococcus pneumoniae and 
Haemophilus influenzae with human 
respiratory tract mucosa. Am. J. 
Respir. Crit. Care Med. 154:S187–
S191.

 
 


