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Abstract In Egypt, pneumococcal vaccines have not yet been
introduced as being compulsory. Identification of the circulat-
ing serotypes in Egypt is mandatory to determine whether or
not the pneumococcal vaccines will be beneficial. The current
study aims to identify the serotypes, vaccine coverage, and
antimicrobial resistance of Streptococcus pneumoniae colo-
nizing the nasopharynx of Egyptian children younger than
5 years old. The study was conducted in two successive winter
seasons (December 2012–February 2013 and December
2013–February 2014). Two hundred children were enrolled,
aged from 6 months to 5 years, excluding those with fever,
signs of infection, history of antibiotic intake, and hospitaliza-
tion in the preceding month. Nasopharyngeal (NP) secretions
were collected, subjected to culture, and underwent antibiotic
susceptibility testing if positive for pneumococci. Real-time
polymerase chain reaction (PCR) and serotyping by sequential
multiplex PCR for positive cases were included as well.
Streptococcus pneumoniae was isolated from 62 subjects.
All isolates were sensitive to vancomycin and levofloxacin,
but the majority showed resistance to multiple antibiotics.
PCR was positive for pneumococci in 113 subjects (56.5%).
The most commonly detected serotypes (st) were 6A6B6C
(n = 21, 20.8%), 19F (n = 19, 18.8%), 1 (n = 11, 10.9%), 34

(n = 8, 7.9%), and 19A (n = 6, 5.9%). The theoretical coverage
of the PCV13 vaccine for the detected serotypes was 72.4%,
while that of PCV10 was 65.5%. Based on these percentages,
we recommend including pneumococcal conjugate vaccines
in the Egyptian national vaccination program.

Introduction

Streptococcus pneumoniae is one of the most common path-
ogens causing a wide range of ailments, from otitis media to
serious invasive pneumococcal diseases (IPD). Pneumococcal
infections are more prevalent in children and the elderly. The
resultant pneumonia may be non-invasive or may lead to bac-
teremia (invasive form), with an estimated ratio of three to
one. In the United States and Europe, mortality of IPD
amounts to 12%, with a high clinical and economic burden
[1]. The disease burden has increased due to the worldwide
emergence of antimicrobial resistance [1].

Pneumococcal infections are usually preceded by nasopha-
ryngeal colonization. The main virulence factor of
S. pneumoniae is the polysaccharide capsule, which is also
used for the classification of pneumococci into serotypes.
Ninety serotypes have been identified, based on their reaction
with type-specific antisera [2]. Though most S. pneumoniae
serotypes can provoke serious disease, only a few serotypes
produce the majority of pneumococcal infections and IPD;
hence, they were introduced into the formulation of the current
vaccines. The ten most common serotypes are estimated to
account for about 62% of invasive disease worldwide [2].

Available vaccines include the pneumococcal polysaccha-
ride vaccine (PPV) and the pneumococcal conjugate vaccine
(PCV) [3]. PPV23 contains capsular polysaccharide antigens
targeting 23 of the most common serotypes of S. pneumoniae
[4]. PPV23 is effective in healthy individuals younger than
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65 years of age, but not in children less than 2 years of age.
PPV23 does not interrupt carriage, has no discernible impact
on the population incidence of IPD, and the older and high-
risk individuals are less likely to benefit [5].

On the other hand, PCV contains an immunogenic non-
pneumococcal protein conjugated to individual pneumococcal
polysaccharides [4]. There are currently two commercially avail-
able PCVs; PCV10 and PCV13 [1] that are used in infants and
young children less than 2 years of age in many countries [4].

In Egypt, pneumococcal vaccines have not yet been intro-
duced as being compulsory in the national vaccination program
and no data are available on the rate of carriage, antimicrobial
resistance, or the burden IPD. Hence, identification of the cir-
culating serotypes in Egypt is needed in order to determine
whether pneumococcal vaccines are potentially beneficial.

Materials and methods

The study was approved by the Research Ethics Committee of
the Clinical Pathology Department of Cairo University in
January 2013. Children were enrolled after obtaining consent
from parents or guardians.

The study was conducted in two successive winter seasons
(December 2012–February 2013 and December 2013–
February 2014). We enrolled 200 children, aged 6 months to
5 years attending the outpatient general clinics of Cairo
University Children Hospital, with a non-infectious disease.
We excluded children with fever, signs of infection, history of
antibiotic intake, and hospitalization in the preceding month.

Collection of NP secretion

We used nasopharyngeal (NP) patented flocked swabs (Copan
Flock Technologies, Brescia, Italy) to collect NP secretions
according to the World Health Organization (WHO) guidelines
[6]. We transported swabs to the laboratory within 30 min.

Culture of NP secretion

EachNP swabwas added to 1mL of brain heart infusion broth
with 15% glycerol [7]. These NP swabs were vortexed for 10
to 20 s and 10 μL of each specimen was streaked on a sheep
blood agar plate (BAP). BAPs were incubated at 37 °C in a
CO2-enriched atmosphere using a candle jar for 18 to 24 h,
and the rest of the broth was aliquoted and stored at −80 °C.
Plates were examined and alpha-hemolytic colonies were test-
ed for optochin susceptibility and bile-solubility. Susceptible
isolates were identified as S. pneumoniae and tested for anti-
microbial susceptibility using disk diffusion and the Etest to
confirm susceptibility to penicillin, ceftriaxone, and vancomy-
cin following the guidelines of the Clinical and Laboratory
Standards Institute (CLSI) [8].

Molecular methods

DNA was extracted directly from specimens using the
DNeasy Blood & Tissue Kit (Qiagen, Valencia, CA), accord-
ing to the manufacturer’s instructions.

A pneumococcus-specific real-time polymerase chain reac-
tion (PCR) targeting the lytA and Ply genes was performed as
described previously [9] with DNA extracts prepared directly
from NP specimens. Negative samples were defined as those
with cycle threshold (CT) values greater than 35 [10].

Serotyping

Streptococcus pneumoniae serotyping was performed on real-
time PCR-positive samples, using the Centers for Disease
Control and Prevention (CDC) procedure [11]. We conducted
a sequential multiplex PCR onDNA extracted from biological
samples. Forty-two primer pairs [12] for serotypes 1, 2, 3, 4, 5,
6A/B/C/D, 7F/A, 7C/7B/40, 8, 9V/A, 9N/F, 10A, 10F/10C/
33C, 11A/D, 12F/12A/12B/44/46, 13, 14, 15A/F, 15B/C, 16F,
17F, 18C/18F/18B/18A, 19A, 19F, 20, 21, 22A/F, 23A, 23B,
23F, 24A/B/F, 38/25F/25A, 31, 33F/33A/37, 34, 35A/35C/42,
35B, 35F/47F, and 39 were grouped into eight multiplex re-
actions. CpsA (pneumococcal capsular polysaccharide syn-
thesis gene) primers [13] were included in each mix as a con-
firmatory test. The PCRs were performed in 25-μL volumes,
with the mixture containing PCR Master Mix (Qiagen) and
primers (0.2–0.5 mM each); 5 mL of DNA extract was used in
each PCR. Amplification was performed in a SeeAmp
Thermal Cycler (Seegene) under the following conditions:
95 °C for 15 min followed by 35 amplification cycles of
94 °C for 30 s, 54 °C for 90 s, and 72 °C for 60 s. A final
hold was performed at 72 °C for 10 min.

The PCR products were analyzed by gel electrophoresis on
2% agarose gels in TAE buffer. Gels were stained with
ethidium bromide (0.5 mg/mL) and gel images were recorded.
The sizes of the PCR products were determined by compari-
son with the molecular size standard, as well as with the bands
of the respective controls.

Forty-one clinical isolates of pneumococci representing
different serotypes and serogroups were used as a control
set. The serotypes included 1, 2, 3, 4, 5, 6A, 6C, 7C, 7F, 8,
9N, 9V, 10A, 10F, 11A, 11B, 12F, 13, 14, 15A, 15C, 16F, 17F,
18C, 19A, 19F, 20, 21, 22F, 23A, 23B, 23F, 24F, 31, 33F, 34,
35B, 35F, 35A, 38, and 39.

Results

The age distribution of the enrolled children is shown in
Table 1.

Streptococcus pneumoniae was cultivated from 62 sub-
jects. 38.5% (n = 77) were healthy children and 61.5%
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(n = 123) visited the clinic for non-infectious etiology. Table 2
shows the results of antimicrobial susceptibility testing by
disk diffusion. All isolates were sensitive to vancomycin and
levofloxacin but the majority showed resistance to multiple
antibiotics. The minimal inhibitory concentrations (MICs) of
penicillin, vancomycin, and ceftriaxone were determined by
the Etest (Table 3).

PCR was positive for pneumococci in 113 subjects
(56.5%). There was a statistically significant higher rate of
PCR-positive cases among infants (70.3%) compared to tod-
dlers (59.4%) and the preschool age group (43.5%)
(p = 0.024). No statistically significant differences were found
in PCR positivity as per gender and as per presence or absence
of non-infectious morbidities.

The most commonly detected serotypes (st) were 6A/
6B/6C/6D (n = 21, 20.8%), 19F (n = 19, 18.8%), 1
(n = 11, 10.9%), 34 (n = 8, 7.9%), and 19A (n = 6,
5.9%). Four cases each were detected of 18C/18F/18B/
18A, 9V/9A, 15B/15C, and 16F, three for each of 5, 23F,
and 11A/11D, two for each of 8, 12F/12A/12B/44/46, 9N/
9L, 13, 10A, and one for each of 14, 7C/7B/40, 3, 17F,
22F/22A, 24F/24A/24B, 21, 33F/33A/37, and 35B. The
following serotypes were not detected: 4, 38/25F/25A,
7F/7A, 23A, 2, 35F/47F, 15A/15F, 39, 23B, 35A/35C/42,
20, 10F/10C/33C, and 31.

There was no statistically significant difference in the dis-
tribution of various serotypes according to age, gender, or
clinical status (healthy or with non-infectious morbidity).

Comparing the aforementioned serotypes detected in the
current samples of Egyptian children to those addressed in
the PCV13 and PCV10 vaccines, the percent coverage of
PCV13 is 72.4%, while that of PCV10 is 65.5%. Several
strains were detected among Egyptian children that are not
represented in the two vaccines. Serotypes 34, 15B/15C,
16F, 11A/11D, 8, 12F/12A/12B/44/46, 9N/9L, 13, 10A, 7C/
7B/40, 17F, 22F/22A, 24F/24A/24B, 21, 33F/33A/37, and
35B were missing in PCV13 (16 strains). The aforemen-
tioned strains, in addition to 19A and 3, were missing in
PCV10 (18 strains).

Discussion

Our study detected, by culture and PCR, a high carriage rate of
S. pneumoniae among children less than 5 years old (31% and
56.5%, respectively).

Currently, vaccination against S. pneumoniae is not in the
national vaccination program in Egypt [14], despite the high
burden of disease described. Recently, in a description of IPD
in the Arabian Peninsula and Egypt, the most common

Table 2 Results of antibiotics sensitivity using the disk diffusion
method

Antibiotic Number (N = 62) Percentage

Oxacillin

Sensitive 17 27.4%

Resistant 45 72.6%

Intermediate 0 0%

Vancomycin

Sensitive 62 100%

Resistant 0 0%

Intermediate 0 0%

Tetracycline

Sensitive 10 16.1%

Resistant 45 72.6%

Intermediate 7 11.3%

Doxycycline

Sensitive 9 14.5%

Resistant 48 77.4%

Intermediate 5 8.1%

Clindamycin

Sensitive 40 64.5%

Resistant 22 35.5%

Intermediate 0 0%

Erythromycin

Sensitive 31 50%

Resistant 31 50%

Intermediate 0 0%

Levofloxacin

Sensitive 62 100%

Resistant 0 0%

Intermediate 0 0%

Ofloxacin

Sensitive 45 72.6%

Resistant 3 4.8%

Intermediate 14 22.6%

Sulfamethoxazole–trimethoprim

Sensitive 2 3.3%

Resistant 60 96.7%

Intermediate 0 0%

Table 1 Demographic characteristics of the enrolled children

Character Number Percentage

Age

6 months to 1 year 37 18.5%

1–2 years 54 27%

2–3 years 47 23.5%

3–5 years 62 31%

Gender

Male 110 55%

Female 90 45%
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serotypes/serogroups in the region were 14, 23F, 6B, 19F, and
6A (patients aged ≤ 5 years) [15].

In 1990, Guirguis et al., identified and serotyped 131
strains of pneumococci isolated from meningitis cases in
Egypt. The most frequently isolated serotype was 1 (32%).
Serotypes 6A, 9L, 12A, 19A, and 29 were next in prevalence.
A vaccine was suggested to be administered in the first two
years of life [16].

A study by Wasfy et al. [17] examined antimicrobial sus-
ceptibility against six antibiotics using disk diffusion and the
Etest among 205 isolates of S. pneumoniae, collected from the
cerebrospinal fluid of meningitis patients identified between
1998 and 2003, during sentinel meningitis surveillance in
Egypt [16]. Five serotypes (6B, 1, 19A, 23F, and 6A)
accounted for 37% of the total isolates. Ten isolates (5%) were
non-typable. Overall, 29% and 42% of these serotypes were
represented in the 7- and 11-valent conjugate vaccines, respec-
tively. However, vaccine coverage for children <2 years old
was 38% and 56% for the 7- and 11-valent conjugate vac-
cines, respectively [17].

Our study confirms the prevalence of the serotypes 1 and 6
as reported before, and adds the emergence of serotypes 19F
and 34 among the most commonly detected serotypes [17].
Compared to available conjugate vaccines, PCV13 and
PCV10 provide a high coverage to the serotypes detected in
our study (72.4% and 65.5%, respectively). Both vaccines do
not cover at least 16 of the serotypes circulating in Egypt.

Surveillance of serotypes of S. pneumoniae has been con-
ducted in many countries. In 2010, 26 European countries
reported 21,565 cases of IPD to The European Surveillance
System (TESSy), with serotyping performed in 46.1% of the
cases. The most common serotypes were 19A, 1, 7F, 3, 14,
22F, 8, 4, 12F, and 19F, accounting for 59.8% of the total.
Non-susceptibility to erythromycin came first at 17.6%,
followed by penicillin at 8.9%. PCV7 serotype coverage
among children <5 years old in Europe was 19.2%; for the
same age group, the serotype coverages for PCV10 and
PCV13 were 46.1% and 73.1%, respectively. Of the 5927
cases for which serotype and age were reported, serotypes
19A and 7F were the most commonly reported in children
under 1 year of age. In children aged 1 to 4 years, serotypes
19A and 1 were the most frequently reported [18].

A study from Gambia evaluating NP carriage of
S. pneumoniae among 236 infants found 65 serotypes, and
the five most common serotypes (6B, 19F, 6A, 14, and 23F)

accounted for 51% of isolates [19]. In South Africa, pneumo-
cocci were isolated from 121 children out of 303 examined
(40%), and the most common serotypes were 6B, 19F, 6A,
23F, 14, and 19A [20]. In Ethiopia, 41.0% of 234 children
carried S. pneumoniae [21]. In Ghana, NP pneumococcal col-
onization was found in 51.4% of 311 children, in accordance
with our results [22]. In Tunisia, the most prevalent pediatric
serotypes were 1 (32%) and 14 (29%), followed by each of
23F, 6B, 3, 19A, and 19F; 22% of isolates were untyped [23].
In Saudi Arabia, from 2005 to 2010, the most frequently iso-
lated IPD serotypes were 23F, 19F, 6B, 5, and 1 [24]. Note that
most of these data are well aligned with ours.

Our results are in broad agreement with studies on carriage
in Africa and the Middle East. It appears that types 6A and 6B
are the most prevalent, followed by 19F, 1, 23F, and 14, with
the first three being the most commonly detected in Egypt.

In conclusion, we detected high rates of carriage of
S. pneumoniae among infants and children. The isolates
showed high levels of antimicrobial resistance. Themost com-
mon pneumococcal serotypes were 6A/6B/6C/6D, 19F, 1, 34,
and 19A. PCV13 will cover 72.4% of serotypes compared to
65.5% for PCV10. We recommend including pneumococcal
conjugate vaccines in the national vaccination program in
Egypt.
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