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Abstract                                                                                                                                                  

Background:  Streptococcus pneumoniae (S. pneumoniae) is the second commonest cause of 
fatal bacterial infection worldwide. Most deaths are due to pneumonia, which when severe is 
often associated with septiceamia. Polymerase chain reaction (PCR) is one of important methods 
used to detect the resistance gene of Streptococcus pneumoniae associated with pulmonary 
tuberculosis.  
Objective: To study the antituberculous drugs activity and cpsA gene detection of Streptococcus 
pneumoniae strains isolated from pulmonary tuberculosis patients at Kasala Teaching Hospital                                                                                                                                             
Materials and methods: 150 sputum specimens were collected from tuberculous patients. 
Each specimen was divided into two parts. The first part was cultured onto chocolate agar to 
isolate S.pneumoniae and isolated strains were tested to detect their antituberculous drugs 
sensitivity pattern. The second part of the specimen was subjected for DNA extraction to detect 
the specific cpsA gene marker of Streptococcus pneumoniae.                                                                                                                
Results: Out of 150 sputum specimens collected, 21specimens (14%) showed positive culture 
for S. pneumoniae; and the specific cpsA gene marker of Streptococcus pneumoniae was 
detected in 27 (18%) strains of S. pneumoniae by PCR. This finding proved that molecular 
techniques were more reliable than culture techniques. 19 strains (90.5%) of S.pneumoniae were 
found sensitive to rifampicin, 19 strains (90.5%) were found sensitive to pyrazinamide, 17 strains 
(81%) were found sensitive to streptomycin, 16 strains (76%) were found sensitive to 
ethambutol, and 14 strains (17%) were found sensitive to isoniazid. 
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Conclusion: Conventional bacteriological culture of Streptococcus pneumoniae was usually 
inadequate, while PCR was a highly sensitive and accurate method. The specific cpsA gene 
marker was more reliable than culture techniques in detection of S. pneumoniae. S. pneumoniae 
was highly sensitive to rifampicin and pyrazinamide.     
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Introduction 
 

Streptococcus pneumoniae is a Gram-positive, facultatively anaerobic catalase-negative round or 
lancet shaped diplococcus. It is fairly demanding to cultivate in the laboratory and generally 
thrives best in an atmosphere enriched with carbon dioxide. When cultivated on blood agar, it 
produces greenish alpha-haemolysis, as the hydrogen peroxide of the bacteria oxidizes 
haemoglobin. The colonies are round and often dented in the middle, but the appearance depends 
on the capsular type, as some serotypes have a mucoid appearance. The bacterial cell is covered 
by a polysaccharide capsule, the structure of which determines the serotype of the bacterium. 
The capsule is an important virulence factor1.                                                                                  
Streptococcus pneumoniae is the most frequent etiologic agent of bacterial pneumonia. 
According to World Health Organization report, 3-4 million people die due to pneumonia, a 
large proportion of who are children or elderly2.                                                                                                                                    
In recent years, several DNA-based techniques had been developed to facilitate serotype 
deduction from the genetic properties of the isolate. The PCR-based techniques are multiplexed 
amplification schemes targeting the genes that encode the enzymes required for the production of 
each serotype. The amplification and identification of the products is performed by multiplex 
PCR (mPCR), gel electrophoresis, real-time mPCR, reverse line-blot hybridization, mPCR with 
labeled oligonucleotide primers through fluorescent fragment size analysis, and capillary 
electrophoresis3.                                                                                                                                           
Because of sequence similarity between serotypes, certain serotypes or serogroups are co-
detected in PCR. In these cases, the results should be verified and subtyped by quellung or other 
phenotypic serotyping methods. All nucleotide sequence-based serotyping schemes are by 
definition indirect, as they detect genes that encode for the proteins that synthesise the capsule, 
rather than the capsule itself4.                                                                                                                   
Researchers that discovered serotypeable isolates among strains that did not carry the expected 
cpsA gene caution against deducing the serotype of isolates without screening all cpsA genes5.                                         
The degree of importance of secondary infections in pulmonary tuberculosis is a much disputed 
question. A certain group of observers consider the tubercle bacillus as responsible for 
practically all the pathological conditions in tuberculosis of the lung, while others believe that 
the secondary invaders, more often S.pneumoniae play a very large role in the production of the 
changes. Between these two extremes stand those who assign a certain important to both the 
primary and the secondary invaders: some holding the opinion that the major role is played by 
the tubercle bacillus, others that the tubercle bacillus is of lesser importance and that the major 
role is played by the secondary invaders6. 
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Materials and methods  
 

This was a qualitative, descriptive, cross-sectional, case finding study. The study population was 
patients suffering from pulmonary tuberculosis and attending Kasala Teaching Hospital 
(Sudan).The study was carried out during the period from April of 2014 to March 2016. 
Sampling was a randomized, convenience type; and the sample size investigated was 150 male 
and female patients. Data were collected as per a structural questionnaire. Approval to run the 
study was taken from Al Neelain University (Khartoum, Sudan). Permission to collect the 
specimens was granted by the authorities of Kasala Teaching Hospital. Verbal consent was 
obtained from all patients studied. Positive and negative results were handed to all patients 
included in this study for proper treatment at Kasala Teaching Hospital (Sudan).  
All 150 patients were tuberculosis positive by the Mantoux test and by the routine acid and 
alcohol fast Ziehl-Neelsen stain. Each specimen was divided into two parts. The first part was 
cultured to isolate S.pneumoniae. This was started by performing direct examination of sputum 
samples by the Gram stain to select samples for S.pneumoniae culture. Criteria for selection were 
presence of at least 15-25 white blood cells and less than 10 epithelial cells per high-power field. 
The SPSS computer program was used for the statistical analysis of results.  
All samples collected for processing were inoculated on blood and chocolate agar media and 
smears were prepared for Gram staining prior to transportation to AlYarmouk Collage 
Laboratory for further processing. Sputum specimens were homogenized gently with 2 ml sterile 
normal saline. The sputum saline mixture was refluxed in a small syringe. Homogenized samples 
were streak-stabbed onto freshly prepared blood agar medium for the determination of 
streptococcal hemolysis. The plates were incubated in a candle extinction jar. Alpha hemolytic 
isolates consistent with S. pneumoniae were picked and identified using standard bacteriological 
techniques including bile solubility and optochin sensitivity test. 
Antituberculous antibiotics used in susceptibility testing were rifampicin, pyrazinamide, 
ethambutol, isoniazid, and streptomycin. To obtain reproducible results, a standard number of 
bacteria (1.5x108 bacterial per ml) were used. It was prepared by direct touching of a colony 
with sterile loop and the growth was adjusted by using Mac Farland turbidity standard. The 
antimicrobial discs were placed on the inoculated plates using a sterile forceps. Each disc was 
pressed gently down to ensure even contact with medium, and plates were placed inverted in an 
incubator at 37°C. After overnight incubation the diameter of each zone was measured and 
recorded in mm, using the ruler on the under surface of the plate. The diameters of the zones 
were recorded to the nearest millimeter. The zone margin was taken as the area showing no 
obvious growth that was detected with unaided eye. The result of the zone inhibition was 
interpreted according to the critical diameters given in the most recent NCCS guidelines, 
showing the test organism as either susceptible or resistant to the antibiotic that had been tested. 
The second part of the specimen was subjected for DNA extraction to detect the specific cpsA 
gene marker of Streptococcus pneumoniae. The sputum sample was centrifuged overnight at 
12,000 rpm. The supernatant was poured off. The DNA extraction was done by the DNA 
Preparation Kit of Jena Bioscience (Germany), following the manufacturer’s instructions.                         
The DNA extracted was checked by a spectrophotometer for purity. This was carried out by  
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measuring the absorbance at 260 and 280nm. An A260/A280 ratio greater than 1.8 
indicates highly purified preparations of DNA and RNA respectively. Contaminants that 
adsorb at 280 nm (e.g. a protein) will lower the ratio7.                                                                                
Amplification of cps A gene of S. pneumoniae was performed in five steps: the initialization step, 
the denaturation step, the annealing step, the extension/elongation step, and the final elongation 
step. The primers used for detection of S. pneumoniae cpsA gene were:                                                                                                                                             
F  5- AGTGGTAACTGCGTTAGTCCT-3                                                                                               
R  5- GTGGCGTTGTGGTCAAGAG-3                                                                                                 
To confirm presence of amplifiable DNA in the samples, the specificity of PCR is 
typically analyzed by evaluating the production of the target fragment by gel 
electrophoresis of 8µl PCR products on 1.5% agarose gel stained with ethidium bromide. 
The extracted DNA was checked by electrophoresis on agarose gel and stained with Ethidium 
bromide. Fluorescence was excited by ultra-violet radiation. The gel was prepared by mixing   
1.5 gm agarose, 100 ml 1X TBE buffer and 4 µl of Ethidium bromide (10 mg/ml), and then 2-
3µl of the extracted DNA was mixed with 2-3 µl of loading dye. 4µl of DNA was loaded on the 
gel. Gel was run in 1X TBE running buffer and electrophoresis was carried out at 100 to 145 
volts for 10-20 min. Then the gel was viewed under UV light and photographed. The PCR 
experiment consists of the experimental DNA, positive control and a negative control.  

 

Fig. 1: cpsA gene of S. pneumoniae on 1.5% agarose gel 

Lane 1and 11 = Molecular weight ladder marker                                                                                                  
Lane 2 = Positive control                                                                                                                                  
Lane 3= Negative control                                                                                                                                    
Lane 4, 5, 6, 7, 8, 9, 10 = Positive S. pneumoniae bands (653bp) 
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Results:      
 

The patients investigated were 106 males and 44 females and 150 sputum specimens were 
collected.  By culture technique, 21 specimens (14%) were found positive for S.pneumoniae and 
129 specimens (86%) were negative. The frequency rate of S. pneumoniae among females was 
(7/15.9%); and among males was (14/13.2%).                                                                                                                                                 
By PCR technique, 27 specimens (18%) were found to harbor cpsA gene of S. pneumoniae; and 
123 specimens (82%) were negative. The cpsA gene of S. pneumoniae was detected in all 
positive culture and PCR specimens. 6 PCR positive specimens were found culture negative for 
S. pneumoniae. 
The anti tuberculous drugs sensitivity was carried out for the 21 S. pneumoniae isolated strains. 
19 strains (90.5%) of S.pneumoniae were found sensitive to rifampicin, 19 strains (90.5%) were 
found sensitive to pyrazinamide, 17 strains (81%) were found sensitive to streptomycin, 16 
strains (76%) were found sensitive to ethambutol, and 14 strains (17%) were found sensitive to 
isoniazid.  
 
Discussion  
 
The frequency rate of Streptococcus pneumoniae was 13.2% among males. In the United States 
of America, the frequency rate in males was 21%8; and in Gambia it was 8.5%9.                         
Gok and his colleagues10 reported that PCR assay had detected 35 cases (94.5%); while bacterial 
culture had detected 9 cases (24%). They suggested that PCR technique was more specific and 
sensitive in detection of Streptococcus pneumoniae compared with conventional methods.                                                                                                                                                                      
Conclusion: Conventional bacteriological culture of Streptococcus pneumoniae was usually 
inadequate, while PCR was a highly sensitive and accurate method. The specific cpsA gene 
marker was more reliable than culture techniques in detection of S. pneumoniae. S. pneumoniae 
was highly sensitive to rifampicin and pyrazinamide.     
 

References  
 
1. Kadioglu A, Weiser JN, Paton JC, Andrew PW. The role of S. pneumoniae virulence factors in 
host respiratory colonization and disease. Nat Rev Microbiol 2008; 6(4):288-301.  
2. Lopez, A. D; Mathers, C. D; Ezzati, M; Jamison, D.T; and Murray, C. J. (2006). Global and 
regional burden of disease and risk factors, 2001: systematic analysis of population health data. 
Lancet; (367): 1747-57. 
3. Pai R, Gertz RE, Beall B. Sequential multiplex PCR approach for determining capsular 
serotypes of Streptococcus pneumoniae isolates. J. Clin. Microbiol. 2006; 44(1):124-131.  
4. Pimenta FC, Roundtree A, Soysal A, Bakir M, du Plessis M, Wolter N, von  Gottberg A, 
McGee L, Carvalho Mda G, Beall B. Sequential triplex real-time PCR assay for detecting twenty 
one pneumococcal capsular serotypes that account for a  high global disease burden. J Clin. 
Microbiol 2013; 51(2):647-652  
 

Babiker, et al, 2017: Vol 2 (2) 

http://ajmsc.info/


6 
 

African Journal of Medical Sciences                      http://ajmsc.info 
 

5. Kong F, Brown M, Sabananthan A, Zeng X, Gilbert GL. Multiplex PCR-based reverse line 
blot hybridization assay to identify 23 Streptococcus pneumoniae polysaccharide vaccine 
serotypes. J Clin Microbiol 2006; 44(5):1887-91.                                                                                                   
6. Selva L, del Amo E, Brotons P, Munoz-Almagro C. Rapid and easy identification of capsular 
serotypes of Streptococcus pneumoniae by use of fragment analysis by automated fluorescence-
based capillary electrophoresis. J Clin Microbiol 2012; 50(11):3451-3457.                                                     
7. Lawrence ER, Griffiths DB, Martin SA, George RC, Hall LM. Evaluation of semi-automated 
multiplex PCR assay for determination of Streptococcus pneumoniae serotypes and serogroups. J 
Clin Microbiol 2003; 41(2):601-607.                                                                                                                  
8. O'Brien, K. L; Nohynek, H; et al. (2003). Report from a WHO Working Group: standard     
method for detecting upper respiratory carriage of Streptococcus pneumoniae. Pediatr. Infect Dis 
J; (5): 11 -22.                                                                                                                                                          
9. Lloyd–Evans NO, Dempsey TJ, Baldeth I, Socka O, Demba E and Todd JE. Nasopharyngeal 
carriage of pneumococci in Gambian children and their families. Pediatr infect Dis J. 1996; 
15:866-71                                                                                                                                                          
10. Gok U, Bulut Y, Keles E, Yalcin S, Doymaz MZ. Bacteriological and PCR analysis of 
clinical material aspirated from otitis media with effusions. Int J Pediatric Otorhinolaryngol. 
2001. 60 (1): 49-54 
 

Babiker, et al, 2017: Vol 2 (2) 

http://ajmsc.info/

	African Journal of Medical Sciences                      http://ajmsc.info

