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Background: Streptococcus pneumoniae causes life-threatening infections such as men-
ingitis, pneumonia, and febrile bacteremia, particularly in young children. The increasing 
number of drug-resistant isolates has highlighted the necessity for intervening and control-
ling disease. To achieve this, information is needed on serotype distribution and patterns 
of antibiotic resistance in children.

Methods: All cases of invasive pneumococcal disease (IPD) in children aged less than 15 
yr recorded at King Khalid University Hospital, King Saud University, Riyadh, Saudi Arabia, 
were reviewed for serotyping and antibiotic susceptibility. Isolates were collected from 78 
consecutive patients with IPD between 2009 and 2012. All collected isolates were sub-
jected to serotyping by co-agglutination, sequential multiplex PCR, and single PCR se-
quetyping as previously described.

Results: The most frequently isolated IPD serotypes were 23F, 6B, 19F, 18C, 4, 14, and 
19A, which are listed in decreasing order and cover 77% of total isolates. The serotype 
coverage for the pneumococcal conjugate vaccine (PCV)7, PCV10, and PCV13 was 77%, 
81%, and 90%, respectively. Results from sequential multiplex PCR agreed with co-agglu-
tination results. All serotypes could not be correctly identified using single PCR sequetyp-
ing. Minimum inhibitory concentration showed that 50 (64%) isolates were susceptible to 
penicillin, whereas 70 (90%) isolates were susceptible to cefotaxime.

Conclusions: The most common pneumococcal serotypes occur with frequencies similar 
to those found in countries where the PCV has been introduced. The most common sero-
types in this study are included in the PCVs. Addition of 23A and 15 to the vaccine would 
improve the PCV performance in IPD prevention.
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INTRODUCTION

Streptococcus pneumoniae is a causative agent of many serious 

community-acquired systemic infections, as well as more local-

ized (upper respiratory tract, pneumonia, and otitis media) infec-

tions [1-3]. It colonizes the upper respiratory tract as a commen-

sal but modulates and transforms into a pathogen that targets 

infants, elderly, and immune-compromised patients, and causes 

life-threatening diseases such as pneumonia, bacteremia, and 

meningitis [3-5]. The enormous heterogeneity of its polysaccha-

ride capsule, which affects the virulence in this bacterium, cre-

ates a major impediment for designing effective vaccines [6]. 
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The antiphagocytic polysaccharide capsule is a major virulence 

factor of pneumococci, and central regions of the loci contain 

serotype-specific genes that form the basis of multiplex PCR 

schemes [7]. On the basis of the immunochemistry of the cap-

sular polysaccharide, S. pneumoniae is classified into more than 

93 serotypes [5], of which 15 serotypes (14, 6, 1, 19, 3, 4, 5, 9, 

18, 23, 12, 7, 2, 25, and 8) are known to cause approximately 

90% of the invasive diseases worldwide [5, 8]. The serotypes 

have different abilities to cause invasive disease, and some sero-

types tend to infect certain risk groups such as children or pa-

tients with underlying diseases. Several pneumococcal conjugate 

vaccines (PCV) have been developed and licensed, including 

PCV7, PCV10, PCV13, and PCV23 [9, 10]. Because geographi-

cal variations in serotype distribution continue to be reported 

globally, a single vaccine may not be universally optimal. Knowl-

edge of regional pneumococcal serotype distribution is required 

to infer the potential impact of vaccination in a regional popula-

tion being immunized.

 Quellung, or the co-agglutination method, is the accepted ref-

erence method for direct determination of the capsular sero-

types, but it has limitations due to cost and required technical 

expertise [11, 12]. Sequential multiplex PCR (SM-PCR) was de-

veloped more recently and has shown the greatest value for 

monitoring capsular evolution because it is more cost-effective 

than conventional serotyping of S. pneumoniae [12]. Recently, a 

single PCR sequencing serotyping method was described on the 

basis of a computer algorithm to interrogate the capsulation lo-

cus (cps) of vaccine serotypes in order to locate primer pairs in 

conserved regions that border variable regions and can differen-

tiate among serotypes [13]. The present study was undertaken 

to determine the serotype distribution of invasive S. pneumoniae 
isolated from children and to correlate this distribution with anti-

biotic susceptibility.

METHODS

The study was designed and approved by the institutional ethics 

committee of King Khalid University Hospital at King Saud Uni-

versity, Riyadh, Saudi Arabia. Blood, cerebrospinal fluid (CSF), 

pleural, ascites and synovial fluid samples of children under age 

15 yr were collected from all suspected cases of pneumonia 

and meningitis. Samples were processed according to standard 

operating procedures, and all recovered isolates were identified 

and confirmed as S. pneumoniae by colony morphology, hemo-

lysis on blood agar plates, optochin sensitivity, and bile solubility 

testing [1, 2]. If several isolates were extracted from the same 

patient, only one isolate from the same disease episode was in-

cluded in the study. Molecular identification was accomplished 

by targeting the lytA region by using primers as described else-

where [14]. S. pneumoniae isolates were serotyped by the co-

agglutination test as described earlier [15], which can deduce 

all known capsular serotypes by using the antisera obtained 

from Staten’s Serum Institute, Copenhagen, Denmark.

1. Antimicrobial susceptibility testing
Drug susceptibility testing was performed using disk diffusion on 

Mueller-Hinton blood agar supplemented with 7% sheep blood 

agar. In addition, penicillin and cefotaxime minimum inhibitory 

concentrations (MIC) were determined for all isolates with the E-

test according to the manufacturer’s recommendations (AB Bio-

disk, Solna, Sweden). The revised breakpoints of parenteral cut-

offs were used according to the CLSI 2009 guidelines [16]. S. 
pneumonia isolates associated with meningitis, for which the 

MICs of penicillin and cefotaxime were equal to or more than 

0.125 and 2.0 µg/mL, respectively, were considered resistant; 

the isolates, for which MICs of penicillin and cefotaxime that 

were equal to or less than 0.062 and 0.5 µg/mL, respectively, 

were susceptible. In non-meningitis cases, penicillin and cefo-

taxime MICs equal to or more than 8.0 and 4.0 µg/mL, respec-

tively, were considered resistant; MICs equal to or less than 2.0 

and 1.0 µg/mL, respectively, were susceptible (Table 1). S. pneu-
moniae (ATCC 49619) was used as the reference strain for all 

the laboratory procedures.

2. Molecular serotyping
DNA extraction, PCR, and product detection were performed as 

described earlier [12]. To identify the prevalent serotypes, SM-

PCR reactions were run with a total of 40 serotypes and the in-

ternal positive control for the cpsA locus. In brief, 40 primers 

were grouped into seven multiplex reactions. Each reaction was 

designed to include four primer pairs targeting serotype-specific 

regions of four different serotypes. Each reaction also included 

an internal positive control targeting all known pneumococcal 

cps operons.

3. Single PCR sequetyping of cpsB
A conventional PCR was performed to amplify cpsB target gene 

by using primers as follows: cps1, 5’-GCA ATG CCA GAC AGT 

AAC CTC TAT-3’ and cps2, 5’-CCT GCC TGC AAG TCT TGA TT-

3’. The PCR reaction mixture and number of cycles were as de-

scribed earlier [13]. PCR amplicons were analyzed with 1.5% 

agarose gel. The expected cps band sizes of 1,000 bp were 
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purified and sequenced in both directions with the same primers. 

Sequences were analyzed and interrogated in the GenBank data-

base. Serogroup/types of isolates were defined as described [13].

 Isolates that could not be typed by SM-PCR but were positive 

for the cpsA locus were serotyped by the co-agglutination reac-

tion. For strains with discrepant results among conventional se-

rotyping, SM-PCR, and sequetyping, typing methods were re-

peated independently.

RESULTS

During the study period, 78 S. pneumoniae isolates were recov-

ered from children aged less than 15 yr. The isolates included 

46 (59%) cases of pneumonia and 32 (41%) cases of meningi-

tis. The condition was diagnosed as meningitis on the basis of 

increased CSF pressure, a high cell count (108-1010/L), in-

creased protein (>100 mg/dL), and decreased glucose (<40 

mg/dL or <50% of the simultaneous glucose blood level). Sixty-

nine (88%) invasive isolates were recovered from blood, 6 (8%) 

from CSF, and 3 (4%) from other sterile fluids, one each from 

peritoneal, synovial, and pleural fluid. Approximately 40% were 

isolated from children aged less than 5 yr.

 Seventy isolates (90%) were found to be resistant to penicil-

lin, as determined from the results of the 1-μg oxacillin disk-dif-

fusion test. However, MIC values showed that 50 (64%) isolates 

were susceptible to penicillin, and 70 (90%) isolates were sus-

ceptible to cefotaxime. MICs for penicillin ranged between 0.062 

and 1.0 µg/mL and 0.062 and 8.0 µg/mL for meningitis- and 

non-meningitis-associated cases, respectively (Table 1). A total 

of 60 (77%) isolates were erythromycin-resistant, and all 78 

(100%) were resistant to co-trimoxazole (Fig. 1). All the isolates 

were susceptible to vancomycin, linezolid, and levofloxacin. Re-

sistance to penicillin was observed in a higher number of sero-

types 23F, 6B, and 19 F than in the other serotypes (Fig. 2).

 The serotype coverage for the pneumococcal vaccines PCV7, 

PCV10, and PCV13 was 77%, 81%, and 90%, respectively. The 

most frequently isolated IPD serotypes were 23F, 6B, 19F, 18C, 

4, 14, and 19A, listed in decreasing order; they were found in 

77% of the isolates (Fig. 3 and 4).

 All the isolates were successfully typed by SM-PCR, and the 

results were 100% consistent with those of co-agglutination. All 

serotypes could not be correctly identified using single PCR se-

quetyping. Of the 78 strains tested, 61 (78%) were sequence-

typed to the correct serotype. An additional 14 (18%) strains 

were sequence-typed to the serogroup level, and 3 (4%) gave 

vague results. Among nine strains of serotype 19F, one was 

identified as serotype 1 with low sequence identity (96%), 12F 

was identified as 12B, and 18B/C could not be differentiated as 

individual serotypes by sequetyping.

Table 1. Interpretation for Minimum inhibitory Concentration (MIC) according to CLSI

Meningitis Non-Meningitis

S I R S I R

Penicillin ≤0.062 NA ≥0.125 ≤2.0 4 ≥8.0

Cefotaxime ≤0.5 1 ≥2.0 ≤1.0 2 ≥4.0

  Meningitis (n=32) Non-meningitis (n=46)

MIC (µg/mL) Penicillin Cefotaxime Penicillin Cefotaxime

0.062 µg/mL> 2 2 3 3

0.062 µg/mL 4 5 6 7

0.125 µg/mL 12* 10 14 15

0.25 µg/mL 6* 5 7 6

0.5 µg/mL 4* 4 6 7

1.0 µg/mL 4* 0 6 6

2.0 µg/mL 0 4* 2 0

4.0 µg/mL 0 2* 0 2*

8.0 µg/mL 0 0 2* 0

8.0 µg/mL< 0 0 0 0

S, susceptible; I, intermediate; R, resistant*
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DISCUSSION

S. pneumoniae is one of the most common causes of morbidity 

and mortality worldwide, especially in children, and causes life-

threatening infections such as meningitis, pneumonia, and fe-

brile bacteremia. S. pneumoniae is a key factor in the develop-

ment of invasive disease and the spread of resistant strains 

within the community. Emergence of drug-resistant isolates has 

highlighted the need for prevention of invasive pneumococcal 

disease (IPD) as the best method for controlling disease. To 

achieve this, detailed information is needed for determining the 

serotype distribution and patterns of antibiotic resistance [3, 5, 

10, 11].

 The most frequent pneumococcal serotypes were 23F, 6B, 

19F, 14, 18C, and 4 (Fig. 4), which covers 73% of total sero-

types and six of the seven serotypes in the seven-valent conju-

Fig. 1. Antibiotic susceptibility patterns (%) of pneumococcal isolates from patients under age 15.
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Fig. 2. Antibiotic susceptibility profiles of different serotypes against penicillin.
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Fig. 4. Serotype prevalence and cumulative frequency of pneumococcal isolates in patients under age 15.
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gate vaccine (PCV7); serotype 9V was less common. Each of 

serotypes 1 and 5 was isolated once. The serotype coverage for 

the PCV7, PCV10, and PCV13 was 77%, 81%, and 90%, re-

spectively (Fig. 3). The proportion of IPD caused by vaccine 

types was higher compared to previous similar studies [17-20]. 

The serotype distribution in the present investigation was similar 

to that found in previous studies [17, 21], except that serotype 

14 was less prevalent than that found in an earlier study [20]. 

Overall, the isolated serotypes included the most common sero-

types causing invasive disease, with most being represented in 

PCV7. Non-PCV13 vaccine serotypes are 10% of the total. Be-

cause the sample size is small, there is a need to do surveil-

lance on large populations and isolates. Therefore, 13 serotypes 

would include 90% of invasive isolates.

 All the isolates were resistant to co-trimoxazole, whereas 77% 

and 36% resistance was observed against erythromycin and 

penicillin, respectively. Resistance to cefotaxime and chloram-

phenicol was far less. The results are very similar to the results 

from Saudi Arabia and other parts of the world [17, 20, 21]. Iso-

lates were highly susceptible to vancomycin, linezolid, and levo-

floxacin.

 We also evaluated the specificity of SM-PCR and concluded 

that it is highly specific and sensitive for the identification of the 

serotype. In our study, PCR results for serogroups of isolates 

correctly matched those of co-agglutination, while co-agglutina-

tion identifies complete serotypes for all isolates. The major dis-

advantage of the current SM-PCR is that it does not type an iso-

late completely, especially the commonly occurring 6A/6B/6C 

serotypes of group 6, 12F/A serotypes of group 12, 15B/C sero-

types of group 15, 7F and 7A, 9V and 9A, 33F, 33A and 37, 

35A, 35C, and 42. The sequence typing method has big advan-

tage over other techniques, as it requires only a single PCR 

amplification. It is straight forward, robust, and requires only 

crude genomic DNA from heat-lysed cells. In addition, se-

quencing facilities can serotype without the need for an expen-

sive set of serological reagents. However, these results are 

based on only 20 different serotypes. A more detailed evaluation 

of sequence typing with a greater number of different serotypes 

will provide a better evaluation of this scheme.

 SM-PCR reduces the time consumed for assessing strains 

that need to be completely serotyped by conventional co-agglu-

tination techniques. The advantages that SM-PCR has over the 

other two serotyping methods are that it is a simple, fast, and re-

liable method, interpretation of the results is not subjective, and 

it does not require highly specialized expertise.
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