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Streptococcus pneumoniae serotype prevalence and antibiotic resistance 
among young children with invasive pneumococcal disease: experience 
from a tertiary care center in South India 
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Abstract 
Introduction We performed a study to describe the clinical profile, antimicrobial susceptibility and 

prevalent serotypes of pneumococcal isolates from children with suspected invasive pneumococcal 
disease (IPD) admitted to a tertiary care hospital in South India.  

Methods Hospitalized children, ≤ 5 years with fever (>38 °C); increased respiratory rate or 
neurological symptoms were recruited, (as part of the Alliance for Surveillance of Invasive Pneumococci 
– ASIP – project) from January 2011 to March 2013. Identification of pneumococcal isolates from blood 
or cerebrospinal fluid samples was done by routine culture methods. Isolates were analysed for 
antimicrobial susceptibility, and confirmed by serotyping (using Quellung’s test) and multiplex PCR. 

Results Out of the 171 samples received in the lab, 17 grew pneumococci identified by standard 
methods. Fourteen of them were confirmed by multiplex PCR. Maximum recruitment was observed 
during the months of January and February (36.4%, 28.6%). The average age of affected subjects was 21 
months. The common clinical presentation was pneumonia (42.8%). Two isolates belonging to the 19F 
and 19B serotypes were resistant to penicillin (on Etest). The observed serotype distribution was 6B and 
19F (2 each), and 1, 2, 6A, 9V, 10A, 14, 15A, 19B, 21, 35F (1 each). The overall fatality rate was 14.3% 
(n=2); the S. pneumoniae isolates from these two patients belonged to the non-vaccine serotype 19B and 
serotype 19F and demonstrated in vitro resistance to penicillin and erythromycin. 

Conclusion Our study demonstrates the presence of serotypes not covered by available vaccines in a 
pediatric cohort. Emergence of drug resistant Streptococcus pneumoniae may by associated with severe 
clinical outcomes. 
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Introduction 
Streptococcus pneumoniae is a leading cause of 

severe bacterial infections and is responsible for 
substantial morbidity and mortality rates 
especially in developing countries. Worldwide, 
annually 1.1 million children die under the age 
of five years from pneumococcal infections and 
nearly all1of these deaths occur in children from 
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low and lower-middle income countries.1 
Antimicrobial resistance among S. pneumoniae has 
emerged as a problem The emergence of drug 
resistant S. pneumoniae (DRSP), resistant to 
important antimicrobials such as penicillins, 
cephalosporins and macrolides, is a problem of 
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global concern that has made treatment of the 
disease most difficult.2-4 A systematic review has 
revealed that only 7 serogroups (1, 5, 6A, 6B, 14, 
19F, 23F) are the most common globally in the 
pediatric age group.5 Studies have demonstrated 
that vaccination of children under 2 years of age 
can reduce the incidence of invasive 
pneumococcal disease.6 In India, commonly 
prevalent serotypes are 1, 2, 3, 4, 5, 6A, 6B, 7F, 8, 
9A, 9N, 9V, 10A, 12F, 14, 15B, 18C, 19A, 19F 
and 23F, with serotypes 1 and 5 accounting for 
30% of invasive pneumococcal disease (IPD) 
among the non-vaccinated population.7 

In order to combat the increase in resistance 
and disease prevalence, many conjugate vaccines 
(PPSV23, PCV-7, PCV-10, PCV-13) have been 
introduced and tested, but no single vaccine 
covers all the 90 known pneumococcal serotypes.8 
The serotypes included and the proteins used for 
conjugation9,10 are shown in Table 1. With the 
availability of conjugate pneumococcal vaccines 
for infants and young children, surveillance for 
invasive pneumococcal disease among children 
with ages below 5 years remains important as it 
allows the detection of populations that may not 
have received the vaccines and monitoring of the 
incidence of non-vaccine serotypes-induced 
disease. In the present study, we evaluated the 
clinical profile, antimicrobial susceptibility and 
prevalent serotypes of pneumococcal isolates 
from children with suspected IPD admitted to a 
tertiary care hospital in South India. 

 
Table 1. Serotypes contained in conjugate 

pneumococcal vaccines 
 

Type of 
vaccine 

Serotypes in vaccine 

Pneumovax 
(PPSV23) 

1, 2, 3, 4, 5, 6B, 7F, 8, 9N, 9V, 10A, 
11A, 12F, 14, 15B, 17F, 18C, 19F, 
19A, 20, 22F, 23F, and 33F 

Prevenar 
(PCV7) 

4, 6B, 9V, 14, 18C, 19F and 23F 

Synflorix 
(PCV10) 

1, 4, 5, 6B, 7F, 9V, 14, 18C, 19F 
and 23F 

Prevenar 13 
(PCV13) 

1, 3, 4, 5, 6A, 6B, 7F, 9V, 14, 18C, 
19A, 19F and 23F 

 

PPSV – pneumococcal polysaccharide vaccine; PCV – 
pneumococcal conjugate vaccine. 

 

Methods 
A prospective, observational study was 

carried out at our tertiary-care hospital, between 
January 2011 and March 2013, as one of the 
centers participating in a network (Alliance for 
Surveillance of Invasive Pneumococci – ASIP). 
The study site, St. John’s Medical College 
Hospital, Bengaluru, Karnataka, India caters to 
local as well as to referred cases from 
neighboring states like Andhra Pradesh and 
Tamil Nadu.11 Hospitalized children aged less 
than 5 years, who had fever defined as a 
temperature above 38 °C, with cough, and/or 
fast breathing or signs of meningitis were 
screened, and their caregivers were invited to 
participate in the study. Informed consent was 
obtained from parents or guardians of children. 
Further details on all the inclusion and 
exclusion criteria and methods for data 
collection are published elsewhere.12 The study 
was reviewed and approved by the Institutional 
Ethical Review Board (Ref. No.44/2010; dated 
10 March 2010) of the institution and 
coordinating sites. 

Depending on the primary site of infection, 
specimens (blood, cerebrospinal fluid (CSF), or 
pleural fluid) were collected under aseptic 
precautions, in a standard blood culture bottle 
(Bactec Peds Plus/F; Becton Dickinson, MD, 
USA) and were incubated at 35 °C in BACTEC 
9240 instrument (Becton Dickinson). Inoculated 
bottles were monitored for positive culture 
signals, which were subsequently processed by 
plating on to trypticase soy agar (Himedia, 
Mumbai, India) supplemented with 5% sheep 
blood, chocolate agar plates and incubated in a 
candle jar.7 Suspected S. pneumoniae colonies 
were identified by α-hemolysis, typical colonial 
morphology, presence of diplococci on Gram 
stain, optochin sensitivity (Taxo P disks, Becton 
Dickinson) and confirmed by testing for bile 
solubility.13 All isolates were confirmed again by 
multiplex PCR,14 serogrouped/typed with 
Quellung antisera (at Christian Medical College 
and Hospital, Vellore, India) obtained from 
Statens Serum Institute (Copenhagen, 
Denmark). Antibiotic susceptibility was assessed 
through the Kirby-Bauer disc diffusion method 
(Himedia) and through determining the 
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minimum inhibitory concentration (MIC) using 
the Etest method (bioMérieux, Capronne, 
France). Clinical Laboratory Standards Institute 
criteria for zone size and MIC values were used 
to classify isolates as susceptible, intermediate, or 
resistant.15 Standard reference strains of S. 
pneumoniae (ATCC 49619), Haemophilus 
influenzae (ATCC 49247), Staphylococcus aureus 
(ATCC 25923) and Escherichia coli (ATCC 
25922) were used to validate the in-house blood 
agar, chocolate agar and Mueller Hinton blood 
agar plates (Himedia) for quality and 
performance. Multiplex real time polymerase 
chain reaction was done to detect the genes 
encoding the pneumococcal pneumolysin using 
primers shown in Table 2. Molecular capsular 
typing was done using the oligonucleotide 
primers designed to target serotypes 1, 3, 4, 5, 
6A/B, 7F, 7C, 8, 9V, 10A, 11A, 12F, 14, 15A, 
15B/C, 16F, 17F, 18, 19A, 19F, 20, 22F, 23F, 
31, 33, 34, 35B, 35F using primer pairs 
sequences published earlier.14,16 The results were 
compiled in an excel spreadsheet, and statistical 
analyses were performed using SPSS v 16.0 
(Chicago, USA). Non-parametric data were 
analyzed by the Mann-Whitney U test and 
clinical variables were compared using Chi-
square test. All tests were done using two-sided 
P-values and a value of <0.05 was considered as 
significant. 
 
Table 2. Primers and probes used for real time 

PCR 

Primer 
or probe 

Nucleotide sequence 
Working 

stock conc 
(µM) 

F373 
ACGCAATCTAGCAGA
TGAAGCA 

2.5 

R424 
TCGTGCGTTTTAATTC
CAGCT 

2.5 

Pb400i 
TGCCGAAAACGC”T”T
GATACAGGGAG 
5`Cy5;3`SpC6;”T”BHQ2 

2.5 

 
Results 
During the study period, from January 2011 

to April 2013, 171 children admitted with 
suspected IPD as bacterial sepsis, pneumonia and 
meningitis were enrolled in the study. Samples 

collected included 164 blood culture samples, 3 
CSF, 2 both (blood & CSF), and 2 pleural fluid 
samples. Seventeen S. pneumoniae were identified 
by routine laboratory methods. Of them, 14 were 
confirmed by the reference laboratory at 
Christian Medical College Vellore, resulting in a 
S. pneumoniae isolation rate of 8.2% among 
children with suspected IPD. Only one isolate 
per patient was included. The 14 isolates 
included in this analysis were collected from 
sterile body sites, as follows: blood (12), pleural 
fluid and CSF (1 each). The children with S. 
pneumoniae-proven IPD were in the age range of 
5-58 months with median age of 16.5 months 
(IQR 12-24; p=0.084) (Table 3). Among all cases, 
57% were male (p=0.229; OR=0.51) and 78.6% 
were ≤ two years of age (p=0.971; OR=0.98). 

All fourteen children had fever with an 
average duration of 6.4 days at presentation 
(p=0.903), and a range from 2 to 15 days. The 
most common clinical manifestation was 
pneumonia (fever >38 °C + tachypnea) in 92.9% 
of cases (13/14). Common symptoms were 
breathlessness 42.9% (6/14), drowsiness 42.9% 
(6/14), seizures 28.6% (4/14), and vomiting in 
21.4% (3/14). Antibiotic treatment received 
prior to the present hospital admission was 
reported among 21.4% (3/14) of cases by the 
parents and guardians of the patients. Physical 
examination showed respiratory distress in 42.9% 
(6/14) of cases, chest retraction 21.4% (3/14), 
auscultatory crepitations 35.7% (5/14) and 
meningeal signs 14.3% (2/14). 

Radiological features of the chest suggested 
consolidation and infiltration in 35.7% (5/14) of 
the cases. The final diagnosis included 
pneumonia or lower respiratory tract infection 
(LRTI) in 35.7% (5/14) of patient; sepsis or 
bacteremia in 35.7% (5/14), and 2 each with 
meningitis and nephrotic syndrome with sepsis. 

Serotyping showed the presence of 12 
different serotypes from 14 children. The most 
frequent serotypes causing IPD among children 
<5 year in our study were 6B and 19F (2 each), 
followed by serotypes 1, 2, 6A, 9V, 10A, 14, 15A, 
19B, 21 and 35F (1 each). These serotypes 
represented 41.7% of the serotypes included in 
PCV-10, 50% of the serotypes included in PCV-
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Table 3. Statistical analysis of general characteristics and risk factors for colonization with S. pneumoniae in 
children 

 

Characteristics 
All cases 

n=171 (%) 
S. pneumoniae 

positive n=14 (%) 
S. pneumoniae 

negative n=157 (%) 
Statistical test results 

Age, months Median (IQR) 
Mean (±SD) 

12 (5,24) 
17.22 (±15.0) 

16.5 (11.75, 29.25) 
22.5 (±15.64) 

12 (5,24) 
16.74 (±14.86) 

U=791.5, p=0.083, r=0.146 

Gender  
Male 
Female 

111 (64.9) 
60 (35.1) 

7 (50.0) 
7 (50.0) 

104 (66.2) 
53 (33.8) 

OR=0.51; 95%CI=0.17-1.53 
z-score=1.203 
χ(1)=1.489; p=0.222 

Age, years 
  

 
≤2  
2-5 

 
135 (78.9) 
36 (21.1) 

 
11 (78.6) 
3 (21.4) 

 
124 (79.0) 
33 (21.0) 

OR=0.97; 95%CI=0.25-3.70 
z-score=0.036 
χ(1)=0.001; p=0.971 

Fever 
duration, days               

Median (IQR) 
Mean (±SD) 

5 (3,7) 
6.5±6.1 

4.5 (3,10.5) 
6.4±4.6 

5 (3,7) 
6.5±6.2 

U=1077, p=0.903, r=0.903 

Cough 
Present 
Absent 

151 (88.3) 
20 (11.7) 

11 (78.6) 
3 (21.4) 

140 (89.2) 
17 (10.8) 

χ(1)=1.399; p=0.238; 
OR=0.45; 95%CI=0.11-1.76 

Cough, 
significant 

Yes 
No 

93 (61.6) 
58 (38.4) 

4 (36.4) 
7 (63.6) 

89 (63.8) 
51 (36.4) 

χ(1)=3.191; p=0.074; 
OR=0.33; 95%CI=0.09-1.17 

Breathlessness 
Yes 
No 

92 (53.8) 
79 (46.2) 

6 (42.9) 
8 (57.1) 

86 (54.8) 
71 (45.2) 

χ(1)=0.734; p=0.391; 
OR=0.62; 95%CI=0.21-1.87 

Drowsiness 
Yes 
No 

58 (33.9) 
113 (66.1) 

6 (42.9) 
8 (57.1) 

52 (33.1) 
105 (66.9) 

χ(1)=0.544; p=0.461; 
OR=1.51; 95%CI=0.49-4.59 

Seizures 
 

Yes 
No 

30 (17.5) 
141 (82.5) 

4 (28.6) 
10 (71.4) 

26 (16.6) 
131 (83.4) 

χ(1)=1.282; p=0.258; 
OR=2.01; 95%CI=0.59-6.92 

Respiratory 
distress 

Yes 
No 

119 (69.6) 
52 (30.4) 

6 (42.9) 
8 (57.1) 

113 (72.0) 
44 (28.0) 

χ(1)=5.15; p=0.023; 
OR=0.25; 95%CI=0.08-0.77 

Chest 
retraction 

Yes 
No 

89 (52.0) 
82 (48.0) 

3 (21.4) 
11 (78.6) 

86 (54.8)  
71 (45.2) 

χ(1)=5.73; p=0.017; 
OR=0.23; 95%CI=0.06-0.84 

Auscultation - 
bronchial   
breath sounds 

Yes 
No 

33 (19.3) 
138 (80.7) 

1 (07.1) 
13 (92.9) 

32 (20.4) 
125 (79.6) 

χ(1)=0.98; p=0.321 
OR=0.30; 95%CI=0.04-2.3 

Crepitations 
Yes 
No 

126 (73.7) 
45 (26.3) 

5 (35.7) 
9 (64.3) 

121 (77.1) 
36 (22.9) 

χ(1)=11.34; p<0.001 
OR=0.17; 95%CI=0.05-0.52 

Meningeal 
signs 

Yes 
No 

22 (12.9) 
149 (87.1) 

2 (14.3) 
12 (85.7) 

20 (12.7) 
137 (87.3) 

χ(1)=0.03; p=0.868; 
OR=1.14; 95%CI=0.24-5.48 

Any antipyretics taken 24 
hours/any antibiotics taken 3 
days before sample collection 

 
33 (19.3) 
138 (80.7) 

 
3 (21.4) 
11 (78.6) 

 
30 (19.1) 
127 (80.9) 

 
χ(1)=0.04; p=0.833; 
OR=1.16; 95%CI=0.30-4.39 

Duration of 
hospital stay  

Median (IQR) 
Mean±SD 

8 (4,12) 
9.35±8.0 

8 (5,7) 
8.8±9.9 

8 (4,12) 
9.39±7.9 

U=929, Z=-0.12, p=0.904, 
r=0.031 

Chest X-ray 
Abnormal 
Normal 

129 (75.4) 
42 (24.6) 

8 (57.1) 
6 (42.9) 

121 (77.1) 
36 (22.9) 

χ(1)=2.755; p=0.097 
OR=0.39; 95%CI=0.13-1.22 

CI – confidence interval; OR – odds ratio; SD – standard deviation; IQR –interquartile range. 
 

13 vaccine and 66.7% of the serotypes included 
in PPV-23. All the serotypes were from children 
diagnosed to have pneumonia except for 
serotypes 6B, 14 and 19F which were from 
children diagnosed with meningitis. Non-vaccine 
serotypes (serotypes 15A, 19B and 21) were 

commonly found in children under 2 years of age 
(OR=0.17; 95%CI=0.007-4.033; χ(1)=2.121; 
p=0.145). 

All of the isolates were sensitive to 
chloramphenicol and cefotaxime (Table 4). There 
was no difference in the antibiotic resistance 
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Table 4. Serotypes and antimicrobial resistance of 14 Streptococcus pneumoniae strains causing invasive 

disease and isolated from children aged <5 years. 

Serotype 
Age, 

month 

Total 

number 

of isolates 

Number of isolates resistant to: 

Penicillin Chloramphenicol Erythromycin 
Co-

trimoxazole 
Cefotaxime 

1 15 1 0 0 0 1* 0 

2 12 1 0 0 0 1* 0 

6A 58 1 0 0 1 0 0 

6B 8, 20 2 0 0 1 2* 0 

9V 24 1 0 0 0 0 0 

10A 11 1 0 0 0 0 0 

14 17 1 0 0 0 1 0 

15Aa 16 1 0 0 0 1* 0 

19Bab 12 1 1 0 1 0 0 

19Fb 5, 48 2 1 0 2 1 0 

21a 24 1 0 0 0 0 0 

35F 45 1 0 0 0 1* 0 

Total  14 2 0 5 8 0 

aNon-vaccine serotype; bserotype caused death; *intermediate resistance. 

pattern between vaccine serotypes (PCV10 & 
PCV13) and non-vaccine serotypes. Of the total 
14 isolates, the highest rate of resistance was to 
trimethoprim-sulfamethoxazole (co-trimoxazole 
57.1%, 2/14 resistant and 6/14 intermediate 
resistant) followed by erythromycin 35.7% (5/14) 
and penicillin 14.3% (2/14, one each of 19F and 
19B). One isolate of 19F serotype was multidrug 
resistant (resistant to penicillin, erythromycin and 
co-trimoxazole) and was isolated from a 5 months 
old diagnosed with meningitis. The overall 
fatality rate was 14.3% (2/14) and was due to a 
19B isolate (resistant to penicillin and 
erythromycin, non-vaccine serotype) and a 
multidrug resistant serotype 19F isolate. 
  

Discussion 
Our prospective study demonstrates the 

burden of invasive pneumococcal disease and 
distribution of diverse serotypes of S. pneumoniae 
among young children in Southern India. 
Notably, this is the first report of the presence of 

serotype 15A in pediatric invasive pneumococcal 
disease in India. The most common isolates in 
our study were 19F and 6B, a similar observation 
to that from an earlier report by Balaji et al., 
2015 from South India.4 The occurrence of non-
vaccine (21.4%) serotypes (i.e., that are not 
included in PCV10, PCV-13 and PPV-23) is also 
consistent with the observations of other studies, 
reporting rates of 25.4%4 and 27%.17 The 
emergence of non-vaccine serotypes might 
presumably be a result of the introduction of 
recent clones or even a result of capsular 
switching of existing stain or by many single 
genetic changes.18-20 This baseline information 
would be important in regions where the 
population is relatively naïve to the vaccine. 

Our results indicate the presence of 12 
different pneumococcal serotypes; currently 
licensed vaccines (PCV10, PCV13 and PPV23) 
cover only 41%, 50% and 67% of the circulating 
serotypes, respectively. The documented presence 
of these non- vaccine serotypes (15A, 19B and 21) 
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would need to be addressed to ensure 
appropriate coverage by the vaccine in our region. 
Replacement by non-vaccine serotypes has been 
documented in surveillance studies following 
widespread use of pneumococcal vaccines.21,22 
However, detection of penicillin and 
erythromycin resistance in non-vaccine serotype 
19B isolates is of particular concern as resistance 
to this serotype was described previously only 
once in Japan23 and is now documented widely.5 
Appropriately designed community-based studies 
for surveillance of IPD and its associated 
circulating serotypes are required to demonstrate 
the changes from baseline data (i.e., prior to 
vaccination). 

Antibiotic resistance among S. pneumoniae is 
an emerging problem.3,4 The heightened 
incidence and spread of S. pneumoniae has 
emphasized the need for accurate diagnosis of the 
infection. The World Health Organization 
recommended the use of penicillin, ampicillin, or 
co-trimoxazole for the treatment of children with 
pneumonia.21 In the present study, we found 
high co-trimoxazole resistance (14.3% resistant; 
42.9% intermediate resistant) followed by 
erythromycin (35.7%) and penicillin (14.3%) 
resistance. Different studies have reported varied 
rates of resistance to co-trimoxazole, ranging from 
56% to 74%.5,24 Although in the present study 
co-trimoxazole (57.1%) resistance was found to be 
lower compared to other studies from India that 
reported rates of 96.4%,4 74.2%,17 and 61.7%,25 
or from neighboring countries like such as 
Bangladesh >76%26 or Sri Lanka 73.9%,27 the 
emergence of co-trimoxazole resistance among S. 
pneumoniae is a cause for concern.3 While India 
has a low incidence of penicillin resistant S. 
pneumoniae, recently Balaji et al. have shown an 
increase in the trend of penicillin resistant IPD 
serotypes from 1.3% in 1999 to 5.2% in 2015.4,7 
This trend is different in different regions in 
India.28 This study showed a higher rate (14.3%) 
of penicillin resistance, which is similar to an 
earlier report from Bengaluru (12.5%).24 Two 
isolates belonging to serotypes 19F and 19B, 
found to be resistant to penicillin in this study, 
were reported to be serotypes sensitive to 
penicillin in previous studies in Indian 

children.7,24 The isolates resistant to penicillin 
were also resistant to erythromycin. This finding 
is worrisome, as the emergence of such isolates 
can pose a significant problem in terms of 
treatment of pneumococcal meningitis, where 
penicillin is the antibiotic of choice, and could be 
due to inadequate antibiotic stewardship.3 
Resistance to erythromycin (35.7%) was 
consistent with other Indian studies (30%4,24 and 
27.8%24). One isolate, identified as 19F serotype 
associated with meningitis in a 5 months old 
child, was found to be multidrug resistant, i.e., 
resistant to penicillin, erythromycin and co-
trimoxazole. Nasal carriage has been documented 
in many preschool children, as well as carriage of 
multiple serotypes with variable susceptibility 
patterns. Exposure to antibiotics commonly used 
in the treatment of upper respiratory tract 
infections could result in primary resistance 
among the circulating S. pneumoniae strains.3 

Our study is limited in that this data is from a 
single hospital, and may not represent the burden 
in the community and the antimicrobial 
resistance pattern of the region. The sample size 
is small and does not allow us to draw 
conclusions regarding the overall serotype 
prevalence in the region. 

 
Conclusions   
In conclusion, we have reported the serotype 

distribution of S. pneumoniae strains involved in 
pediatric IPD and the diversity in serotypes 
compared to other regions. Two deaths 
documented in this study had isolates of non-
vaccine S. pneumoniae serotypes; one was 
resistant to penicillin and erythromycin and 
cultured from blood, and the other was 
multidrug resistant and cultured from the CSF. 
The emergence of drug resistant pneumococci 
and non-vaccine serotypes is likely to enhance 
the complexity of treatment and prophylaxis. 
 
Authors’ contributions statement:  AM designed the study 
and provided overall supervision for all participating centers; 
AS provided guidance with respect to the clinical perspective 
of the study; BSK acquired laboratory and clinical data, 
analyzed it, and drafted the manuscript; SN contributed to 
the laboratory component of the study protocol, supervision 
of the laboratory data, analysis of data, drafting and 



Streptococcus pneumoniae serotype prevalence in children – Nagaraj et al.• Original article 
 

www.germs.ro • GERMS 7(2) • June 2017 • page 84 

finalizing the manuscript. All authors reviewed and 
approved the final version of the manuscript. 
 
Conflicts of interest: All authors – none to declare. 
Funding: This study was a part of the national study 
(Alliance for Surveillance of Invasive Pneumococci – ASIP) 
funded by GlaxoSmithKline, Biologicals, India. 
 
Acknowledgments: The authors thank the children and 
their caregivers who participated in this study. We also 
thank all the clinical research coordinators Mr. 
Jalagandeeswaran, Ms. Salome Mary Thomas, Ms. Anu 
Krishnan and Ms. Venus Muddana for their overwhelming 
efforts and overall involvement in the ASIP study. 
 
References 
1.  Tong N. Background Paper 6.22. Pneumonia. Priority 

medicines for Europe and the world “A public health 
approach to innovation”. Geneva: World Health 
Organization; 2013. 

2. Pilishvili T, Noggle B, Moore MR. Pneumococcal 
Disease. In:  Roush SW, Baldy LM, eds. Manual for the 
surveillance of vaccine-preventable diseases, 5th edition. 
Atlanta, GA: Centers for Disease Control and 
Prevention; 2012. 

3. Chawla K, Gurung B, Mukhopadhyay C, Bairy I. 
Reporting emerging resistance of Streptococcus pneumoniae 
from India. J Glob Infect Dis 2010;2:10-4. [Crossref] 
[PubMed] [FullText] 

4. Balaji V, Jayaraman R, Verghese VP, Baliga PR, Kurien 
T. Pneumococcal serotypes associated with invasive 
disease in under five children in India & implications 
for vaccine policy. Indian J Med Res 2015;142:286-92. 
[Crossref] [PubMed] [FullText] 

5. Jaiswal N, Singh M, Das RR, et al. Distribution of 
serotypes, vaccine coverage, and antimicrobial 
susceptibility pattern of Streptococcus pneumoniae in 
children living in SAARC countries: a systematic review. 
PLoS One 2014;9:e108617. [Crossref] [PubMed] 
[FullText] 

6. Amodio E, Costantino C, Giuffrè M, et al. Invasive 
pneumococcal diseases in children aged 1-59 months in 
Sicily, Italy: importance of active family paediatrician 
surveillance and vaccination coverage. Euromediterr 
Biomed J 2014;9:19-23. [Crossref]  

7. Prospective multicentre hospital surveillance of 
Streptococcus pneumoniae disease in India. Invasive 
Bacterial Infection Surveillance (IBIS) Group, 
International Clinical Epidemiology Network 
(INCLEN). Lancet 1999;353:1216-21. [Crossref] 
[PubMed] 

8. Giebink GS. The prevention of pneumococcal disease in 
children. N Engl J Med 2001;345:1177-83. [Crossref] 
[PubMed] 

9. Ventola CL. The antibiotic resistance crisis: part 2: 
management strategies and new agents. P T 
2015;40:344-52. [PubMed] [FullText] 

10. Verma R, Khanna P. Pneumococcal conjugate vaccine: a 
newer vaccine available in India. Hum Vaccin 

Immunother 2012;8:1317-20. [Crossref] [PubMed] 
[FullText] 

11. Kalal BS, Puranik P, Nagaraj S, Rego S, Shet A. Scrub 
typhus and spotted fever among hospitalised children in 
South India: clinical profile and serological 
epidemiology. Indian J Med Microbiol 2016;34:293-8. 
[Crossref] [PubMed]  

12. Manoharan A, Singh J, Deshpande P, ASIP study group. 
Alliance for surveillance of invasive pneumococcal 
disease in India – the ASIP study: design and 
methodology. Pediatr Infect Dis 2016;8:58–63. 
[Crossref] 

13. Castillo D HB, Hatcher C, Jackson M, Katz L, Mair R, et 
al. Laboratory methods for the diagnosis of meningitis 
caused by Neisseria meningitidis, Streptococcus pneumoniae, 
and Haemophilus influenzae. Geneva: World Health 
Organization; 2011. 

14. Pai R, Gertz RE, Beall B. Sequential multiplex PCR 
approach for determining capsular serotypes of 
Streptococcus pneumoniae isolates. J Clin Microbiol 
2006;44:124-31. [Crossref] [PubMed] [FullText] 

15. Hansen MP, Hoffmann TC, McCullough AR, van Driel 
ML, Del Mar CB. Antibiotic resistance: what are the 
opportunities for primary care in alleviating the crisis? 
Front Public Health 2015;3:35. [Crossref] [PubMed] 
[FullText] 

16. Saha SK, Darmstadt GL, Baqui AH, et al. Identification 
of serotype in culture negative pneumococcal meningitis 
using sequential multiplex PCR: implication for 
surveillance and vaccine design. PLoS One 
2008;3:e3576. [Crossref] [PubMed] [FullText] 

17. Molander V, Elisson C, Balaji V, et al. Invasive 
pneumococcal infections in Vellore, India: clinical 
characteristics and distribution of serotypes. BMC Infect 
Dis 2013;13:532. [Crossref] [PubMed] [FullText] 

18. Lambertsen LM, Harboe ZB, Konradsen HB, 
Christensen JJ, Hammerum AM. Non-invasive 
erythromycin-resistant pneumococcal isolates are more 
often non-susceptible to more antimicrobial agents than 
invasive isolates. Int J Antimicrob Agents 2010;35:72-5. 
[Crossref] [PubMed]  

19. Weinberger DM, Malley R, Lipsitch M. Serotype 
replacement in disease after pneumococcal vaccination. 
Lancet 2011;378:1962-73. [Crossref] [PubMed] 
[FullText] 

20. Zangeneh TT, Baracco G, Al-Tawfiq JA. Impact of 
conjugate pneumococcal vaccines on the changing 
epidemiology of pneumococcal infections. Expert Rev 
Vaccines 2011;10:345-53. [Crossref] [PubMed]  

21. Najar MS, Saldanha CL, Banday KA. Approach to 
urinary tract infections. Indian J Nephrol 2009;19:129-
39. [Crossref] [PubMed] [FullText] 

22. Farrell DJ, Klugman KP, Pichichero M. Increased 
antimicrobial resistance among nonvaccine serotypes of 
Streptococcus pneumoniae in the pediatric population after 
the introduction of 7-valent pneumococcal vaccine in 
the United States. Pediatr Infect Dis J. 2007;26:123-8. 
[Crossref] [PubMed]  

https://doi.org/10.4103/0974-777X.59245
http://www.ncbi.nlm.nih.gov/pubmed/20300412
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2840964
https://doi.org/10.4103/0971-5916.166588
http://www.ncbi.nlm.nih.gov/pubmed/26458344
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4669863
https://doi.org/10.1371/journal.pone.0108617
http://www.ncbi.nlm.nih.gov/pubmed/25268974
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4182530
https://doi.org/10.3269/1970-5492.2014.9.3
https://doi.org/10.1016/S0140-6736(98)07228-6
http://www.ncbi.nlm.nih.gov/pubmed/10217081
https://doi.org/10.1056/NEJMra010462
http://www.ncbi.nlm.nih.gov/pubmed/11642234
http://www.ncbi.nlm.nih.gov/pubmed/25987823
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4422635
https://doi.org/10.4161/hv.20654
http://www.ncbi.nlm.nih.gov/pubmed/22894967
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3579915
https://doi.org/10.4103/0255-0857.188315
http://www.ncbi.nlm.nih.gov/pubmed/27514949
https://doi.org/10.1016/j.pid.2016.06.007
https://doi.org/10.1128/JCM.44.1.124-131.2006
http://www.ncbi.nlm.nih.gov/pubmed/16390959
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1351965
https://doi.org/10.3389/fpubh.2015.00035
http://www.ncbi.nlm.nih.gov/pubmed/25759809
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4338603
https://doi.org/10.1371/journal.pone.0003576
http://www.ncbi.nlm.nih.gov/pubmed/18974887
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2571985
https://doi.org/10.1186/1471-2334-13-532
http://www.ncbi.nlm.nih.gov/pubmed/24206667
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3827497
https://doi.org/10.1016/j.ijantimicag.2009.09.006
http://www.ncbi.nlm.nih.gov/pubmed/19892529
https://doi.org/10.1016/S0140-6736(10)62225-8
http://www.ncbi.nlm.nih.gov/pubmed/21492929
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3256741
https://doi.org/10.1586/erv.11.1
http://www.ncbi.nlm.nih.gov/pubmed/21434802
https://doi.org/10.4103/0971-4065.59333
http://www.ncbi.nlm.nih.gov/pubmed/20535247
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2875701
https://doi.org/10.1097/01.inf.0000253059.84602.c3
http://www.ncbi.nlm.nih.gov/pubmed/17259873


Streptococcus pneumoniae serotype prevalence in children – Nagaraj et al.• Original article 
 

www.germs.ro • GERMS 7(2) • June 2017 • page 85 

23. Yoshida R, Hirakata Y, Kaku M, et al. Trends of genetic 
relationship of serotype 23F penicillin-resistant 
Streptococcus pneumoniae in Japan. Chemotherapy 
1997;43:232-8. [Crossref] [PubMed]  

24. Kumar KL, Ashok V, Ganaie F, Ramesh AC. 
Nasopharyngeal carriage, antibiogram & serotype 
distribution of Streptococcus pneumoniae among healthy 
under five children. Indian J Med Res 2014;140:216-20. 
[PubMed] [FullText] 

25. Goyal R, Singh NP, Kaur M, Talwar V. Antimicrobial 
resistance in invasive and colonising Streptococcus 
pneumoniae in North India. Indian J Med Microbiol 
2007;25:256-9. [Crossref] [PubMed] 

26. Arifeen SE, Saha SK, Rahman S, et al. Invasive 
pneumococcal disease among children in rural 
Bangladesh: results from a population-based surveillance. 
Clin Infect Dis 2009;48 Suppl 2:S103-13. [Crossref] 
[PubMed]  

27. Batuwanthudawe R, Karunarathne K, Dassanayake M, et 
al. Surveillance of invasive pneumococcal disease in 
Colombo, Sri Lanka. Clin Infect Dis 2009;48 Suppl 
2:S136-40. [Crossref] [PubMed]  

28. Lalitha MK, Pai R, Manoharan A, Appelbaum PC, 
CMCH Pneumococcal Study Group. Multidrug-resistant 
Streptococcus pneumoniae from India. Lancet 
2002;359:445. [Crossref] [PubMed]  

 

 
Please cite this article as: 

Nagaraj S, Kalal BS, Manoharan A, Shet A. Streptococcus pneumoniae serotype prevalence and 
antibiotic resistance among young children with invasive pneumococcal disease: experience from a 

tertiary care center in South India. GERMS 2017;7(2):78-85. doi: 10.18683/germs.2017.1112 

https://doi.org/10.1159/000239572
http://www.ncbi.nlm.nih.gov/pubmed/9209779
http://www.ncbi.nlm.nih.gov/pubmed/25297353
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4216494
https://doi.org/10.4103/0255-0857.34770
http://www.ncbi.nlm.nih.gov/pubmed/17901646
https://doi.org/10.1086/596543
http://www.ncbi.nlm.nih.gov/pubmed/19191605
https://doi.org/10.1086/596492
http://www.ncbi.nlm.nih.gov/pubmed/19191609
https://doi.org/10.1016/S0140-6736(02)07578-5
http://www.ncbi.nlm.nih.gov/pubmed/11844549

