
Introduction:
Streptococcus pneumoniae is a major cause of pneumo-
nia, meningitis, and other invasive diseases resulting in

 high mortality and morbidity among children under the 
age of five, particularly in lower income countries1. The 
World Health Organization estimated that there are

page 37

SMAMC Journal, 2024; 10(1):37-42

RESEARCH ARTICLE
Nasopharyngeal Carriage of Streptococcus pneumoniae among Children
in relation to Pneumococcal Conjugate Vaccination during Infancy 
Shormin M1, Khandaker M2, Ferdouse F3

Abstract :

Background: Nasopharyngeal carriage of Streptococcus pneumoniae is thought to be a risk for invasive pneu-
mococcal diseases. Detection and monitoring of pneumococcal carriage and distribution of serotype is important 
to assess the impact and effectiveness of pneumococcal vaccine programs. Diversity among the serotypes and 
changes in the prevalence of serotypes over time are challenges in designing the ultimate pneumococcal vaccines.
Objectives: To determine the predominant serotypes and to establish the trend of serotype changes so that the 
vaccination against predominant serotypes can be evaluated after its introduction. Materials and Methods: The 
study was conducted in the department of microbiology of Dhaka Medical College Hospital (DMCH).200 
nasopharyngeal swabs were collected from healthy children aged one month to less than five years who attended 
the outpatient department of DMCH for routine immunization, child growth monitoring and nutritional advice.S. 
pneumoniae were isolated and identified by culture, Gram staining and biochemical test and PCR.  Result: Out of 
200 nasopharyngeal swabs, 92 (46%) were positive by PCR. Out of 200 children, 90 (45%) were received pneu-
mococcal conjugate vaccine (PCV) and 110 (55%) were not vaccinated. Among vaccinated children, 4 (16%) S. 
pneumoniae were detected in fully vaccinated children and 25 (38.46%) S. pneumoniae were detected in partially 
vaccinated children by PCR. Among not vaccinated children, 63 (57.27%) S. pneumoniae were detected by PCR. 
The difference between fully vaccinated and non-vaccinated proportion is statistically significant (p<0.001) and 
the difference between fully vaccinated and partially vaccinated proportion is statistically significant (p< 
0.001).Out of 4 fully vaccinated PCR positive cases, detected serotypes were 34F (1) and 35B (1) and 6B (1) 
among 3 children. Out of 25 PCR positive partially vaccinated children, detected serotypes were 34F (7), 35B (3), 
6B (3), 14(3), 23(2) among 18 children. Out of 63 PCR positive not-vaccinated children, detected serotypes were 
3 (3), 4 (1), 6A (11), 6B (7), 7F (1), 14 (4), 18C (1), 19A (2), 19F (2), 23F (3), 34F (8), 35B (8) among 51 children.
Conclusion: This study showed detection of serotypes of S. pneumoniae from nasopharyngeal swabs in children 
may help to predict the shift in serotypes replacement following pneumococcal conjugate vaccination.
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nearly one million deaths each year in children younger 
than five years of age and one child under five years of 
age dies because of pneumococcal pneumonia in every 
20 seconds2. S. pneumoniae is a bacterium that coloniz-
es the nasopharynx of human and main source is person 
to person transmission3,4. S. pneumoniae colonization is 
often asymptomatic but may cause overt infections. 
Community-acquired pneumonia (CAP) and infections 
of normally sterile sites (pleural fluid, cerebrospinal 
fluid and blood) are the most common infections by S. 
pneumoniae which are collectively called invasivep-
neumococcal disease (IPD)5. Ninety-two capsular 
serotypes of S. pneumoniae exist, and the prevalence of 
serotypes differs according to age, region, and time of 
the surveillance. The 92 serotypes differ in virulence; a 
minority of serotypes is involved in most of invasive 
pneumococcal diseases and antimicrobial resistances. 
Serotypes are classified into vaccine serotype (VT) and 
nonvaccine serotype (NVT). Vaccine serotype means a 
serotype included in PCV7 (serotypes 4, 6B, 9V, 14, 
18C, 19F, and 23F), PCV10 (serotypes 1, 5, and 7F 
added to PCV7), PCV13 (serotypes 3, 6A, and 19A 
added to PCV10), and PPSV23 (serotypes 2, 8, 9N, 
10A, 11A, 12F, 15B, 17F, 20, 22F, and 33F added to 
PCV13, except for 6A). Nonvaccine serotype is the 
serotype, which is not covered by PCV7, PCV10, 
PCV13, and PPSV236.According to a literature review, 
serotypes 1, 4, 5, 7F, 8, 12F, 14, 18C, and 19A are more 
likely to cause IPD. Although serotypes 1 and 19A are 
the predominant causes of invasive pneumococcal 
pneumonia, serotype 14 remains one of the most 
common etiologic agents of non-bacteremic pneumonia 
in adults, even after 7-valent pneumococcal conjugate 
vaccine (PCV7) introduction.The distribution of 
serotypes detected in Bangladesh has changed over 
time. From 1992 through 2007, serotypes 1, 2 
and 5 have emerged as predominant serotypes, 
and serotypes 12F and 15B have become less 
common7. This natural emergence of certain 
serotypes indicates that conclusions about

post-vaccination "serotype replacement" need to be 
made with caution. For example, emergence of 
serotype 2 in a study 7 might have been interpreted as 
replacement if its emergence had occurred after vaccine 
introduction,which could have led to serious public 
health concerns and a corresponding reduction in the 
use of the vaccine and thus might have jeopardized the 
benefits of vaccination. It will be important to monitor 
whether emergence serotypes disappear over time or 
remain as a predominant serotype. Because these 
serotypes consider as a potential candidate for inclusion 
in future pneumococcal vaccine formulations.Whilst 
vaccination has had success in reducing the burden of 
disease caused by vaccine-type S. pneumoniae8,9ongo-
ing surveillance is important to monitor trendsin 
serotype distribution as the benefits of vaccination 
could be offset by increased rates of pneumococcal 
disease caused by non- vaccine serotypes 10. 

Materials and Methods :
Nasopharyngeal swabs were collected from healthy 
children aged one month to less than five years who 
attended the outpatient department of DMCH for 
routine immunization, child growth monitoring and 
nutritional advice. Nasopharyngeal swabs were collect-
ed, labeled and placed immediately in one ml of 
skimmilk-tryptone-glucose-glycerol (STGG) medium 
and transported to the laboratory. The NPS-STGG 
specimens were thawed at room temperature (25℃) 
and vortexed for 10-20 seconds. Then   specimens were 
inoculated on blood agar using one loop (10µl) of 
sample. The plates were streaked and incubated at 37℃ 
for 24 hours with CO2 atmosphere inside a candle 
jar.Small, smooth and transparent colonies were seen 
on blood agar plate. Colonies were low convex, tiny 
and they became flattened centrally showing the 
‘draughtsman form’. A narrow zone of � hemolysis was 
seen around the colonies. Colonies are Catalase 
negative andGram-positive diplococci were seen which 
were ovoid or lanceolate in shape.The isolates with 
presumptive identification were confirmed by optochin



sensitivity test, bile solubility test and PCR. Serotyping 
by PCR The primer cpsA were used for targeted highly 
conserved gene that exists in all capsular loci thus far 
characterized.  Thirty eight specific primers were used 
for targeted genes specific for serotypes 1, 2, 3, 4 , 5, 
6A, 6B, 7F, 9V, 11A,  12F, 14,  18C, 19F, 19A, 23F, 33F, 
34F and 35B.  Of these serotypes 1, 2, 3, 4 , 5, 6A, 6B, 
7F, 9V, 11A,  12F, 14,  18C, 19F, 19A, 23F,33F were 
vaccine type (VT) and serotypes 34F, 35B were non 
vaccine (NVT) type. Vaccine serotype means a 
serotype included in PCV7 (serotypes 4, 6B, 9V, 14, 
18C, 19F, and 23F), PCV10 (serotypes 1, 5, and 7F 
added to PCV7), PCV13 (serotypes 3, 6A, and 19A 
added to PCV10), and PPSV23 (serotypes 2, 8, 9N, 
10A, 11A, 12F, 15B, 17F, 20, 22F, and 33F added to 
PCV13, except for 6A. Nonvaccine serotype is the 
serotype which is not covered by PCV7, PCV10, 
PCV13, and PPSV23. An initial screening of the 
nasopharyngeal swabs were done by the primer cpsA to 
identify the pneumococci by monoplex PCR. Then 
primers that are serotype specific were used for serotyp-
ing by multiplex PCR with positive and negative 
controls (Figure 1).
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Figure-1: Photograph of gel electrophoresis of detect-
ed serotypes

Figure-3: Photograph of amplified cpsA gene of 
Streptococcus pneumoniae.

Figure-4: Proportion of detected serotype positive 
and negative nasopharyngeal swabs by PCR

Figure-2: Photograph of gel electrophoresis of detect-
ed serotypes

Results :
Total 200 under five children were tested, among 
them, 92 (46%) were positive by PCR(Figure:3).

Among 92 PCR positive nasoph aryngeal swabs, 70 
(76.09%) were serotypes positive and 22 (23.91%) 
were serotype negative (Figure-4). 

Out of 200 children, 90 (45%) were received pneumo-
coccal conjugate vaccine (PCV) and 110 (55%) were 
not vaccinated. Among vaccinated children, 4 (16%) 
S. pneumoniae were detected in fully vaccinated 
children and 25 (38.46%) S. pneumoniae were detect-
ed in partially vaccinated children by PCR. Among not 
vaccinated children, 63 (57.27%) S. pneumoniae were 
detected by PCR (Table 1). The difference between 
fully vaccinated and non-vaccinated proportion is 
statistically significant (p<0.001) and the difference 
between fully vaccinated and partially vaccinated  
proportion is statistically significant (p< 0.001). Out of 
4 fully vaccinated PCR positive cases, serotypes 

22 (23.91%)70 (76.09%)

Results of serotyping of S. pneumoniae by PCR from 
nasopharyngeal swabs (N=92)

Positive Negative



page 40

Shaheed Monsur Ali Medical College Journal Volume: 10 No.1, January 2024

proportion is statistically significant (p< 0.001). Out 
of 4 fully vaccinated PCR positive cases, serotypes 
34F (1)and 35B (1) and 6B (1) were detected among 3 
fully vaccinated children. Out of 25PCR positive 
partially-vaccinated childrenserotypes 34F (1) and 
35B (1) and 6B (1) among 18 children. Out of 63 PCR 
positive not-vaccinated children, serotypes were 
detected in 51 children and the detected serotypes 
were 3 (3), 4 (1), 6A (11), 6B (7), 7F (1), 14 (4), 18C 
(1), 19A (2), 19F (2), 23F (3), 34F (8), 35B (8)[table 1].

*Vaccinated with 3 doses of PCV
**Vaccinated with 1 or 2 doses of pneumococcal 
conjugate vaccine (PCV)

N= Total no.PCR positive sample
N =Total no. of positive sample
VT=3, 4, 6A, 6B, 7F, 14, 18C, 19A, 19F, 23F.
*NVT=34F, 35B
Discussion
S. pneumoniae is a common cause of respiratory 
infections requiring hospitalization in young children 
worldwide with increasing rates of antibiotic

resistance11.Infections caused by resistant microbes 
fail to respond to treatment, resulting in prolonged 
illness and greater risk of death. Treatment failures 
also lead to longer periods of infectivity, which 
increase the numbers of infected people moving in the 
community and thus expose the general population to 
the risk of contracting a resistant strain of infection12. 
In order to combat the increasing incidence of resist-
ance as well as increasing disease prevalence, pneu-
mococcal vaccines (PCV-7, PCV-10, PCV-13, 
PPV-23) have been made available as preventive 
tools.These vaccines constitute those strains that cause 
80% of the invasive pneumococcal disease (IPD) and 
are resistant to antibiotics13. WHO-GAVI (World 
Health Organization & Global Alliance for Vaccines 
and Immunization) alliance has approved 3 conjugate 
vaccines e.g. PCV-7, PCV-10, and PCV-13 for use in 
children. In the present study, a total of 200 
nasopharyngeal swabs were processed. Out of 200 
nasopharyngeal swabs,92(46%) nasopharyngeal 
carriage of S. pneumoniae was detected by PCR.  A 
study in Switzerland reported that carriage rate was 
51.6% by PCR13. Another study reported 69% carriage 
rate in Netherland by PCR14. All the results of the 
previous studies showed higher carriage rate in 
contrast to the present study. The reasons might be due 
to different geography15 . Besides in the present study 
data were enrolled from healthy, urban children.In the 
present study, carriage rate was significantly higher in 
non-vaccinated children than fully-vaccinated 
children (p<0.001) and also significantly higher in 
partially-vaccinated children than fully-vaccinated 
children (p<0.001). The present study showed that out 

of 70 detected serotypes positive nasopharyngeal 

swabs, different serotypes were more prevalent in 

non-vaccinated children and partially vaccinated 

children than fully-vaccinated children.In non-vacci-

nated and partially vaccinated groups both VT and 

NVT serotypes were more prevalent whereas in fully

Table-I: Distribution of S. pneumoniae among study 
population in relation to vaccinationstatus (N=200)

Table-II: Distribution of detected serotypes among 
vaccinated, partially vaccinated and non-vaccinated 
children (N=92)

Vaccination status
Fully vaccinated*
Partially vaccinated**
Not vaccinated
Total

Vaccination status
Fully vaccinated(N=4)
Partially vaccinated(N=25)

Not-vaccinated (N=63)

Detected serotypes(n)
*34F(1), *35B (1), 6B (1)
*34F(7),* 35B(3),6B (3),
14 (3), 23F(2)
3(3), 4(1), 6A(11), 6B(7),
7F(1), 14(4),  19A(2),
19F(2), 23F(3), *34F(8),
*35B(8)

PCR positive, n (%)
4(16.00)
25(38.46)
63(57.27)

92
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vaccinated children NVT serotypes were more preva-
lent. The findings of the present study might be due to 
the fact that introduction of PCV reduced the carriage 
rate in vaccinated children and reduced carriage of VT 
pneumococci accompanied by an increased NVT 16. 
Some previous studies analyzed the impact of pneu-
mococcal vaccination on S. pneumoniae carriage rate 
and serotype distribution 17,18,19.  They reported that 
overall carriage rate in residents decreased following 
vaccination, carriage rates of all age group were lower 
at first and second post vaccination surveys than at the 
pre vaccination surveySome previous studies showed 
that the prevalence of vaccine type (VT) carriage 
decreased after PCV vaccination17,19. Some studies 20,21  
reported that reduction in carriage of VT pneumococci 
due to PCV vaccination is often accompanied by an 
increase in the carriage of non-vaccine type (NVT) 
pneumococci and to a lesser extent, an increase in the 
incidence of IPD caused by NVT pneumococci.
Conclusion :
This study suggests that, pneumococcal conjugate 
vaccine has the potential to reduce pneumococcal 
carriage and the number of serotypes belonging to 
vaccine serotypes. Currently, routine vaccination of all 
children with the pneumococcal conjugate vaccine is 
our best strategy for reducing the burden of 
early-child-hood pneumococcal diseases.
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