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ABSTRACT

األهداف: دراسة النمط املصلي ومقاومة مضادات امليكروبات لبيتا 
الكتام واملاكروليدات في املكورات الرئوية التي تسبب أمراض اجلهاز 
التنفسي بعد إدخال لقاح املكورات الرئوية valent-13 في اململكة 

العربية السعودية.

في  اجريت  مستقبلية  استقصائية  مستعرضه  دراسة  هذة  الطريقة: 
العربية  اململكة  في  اخلبر  مدينة  في  اجلامعي  فهد  امللك  مستشفى 
و   2012 بني  الرئوية  املكورات  مستخلصات  ُجمعت  السعودية. 
2014 وُقولبت في تفاعل البلمرة املتسلسل املتتابع متعدد اإلرسال 
لبيتا  املقاومة  اجلينات  عن  الكشف  مت  الالتكس  واختبار   )PCR(

.PCR الكتام واملاكروليدات عبر

 11A, 19A, 17F, 23F, النتائج: كانت األمناط املصلية األكثر شيوعًا
املثير  ومن  النوعية،  محددة  من سالالت  ميثل 64%  مما   19F و  ,3
لألهتمام أن %24 من أصل 94 من العزالت لم تكن محددة النوعية 
و %18 كانت سلبية للجني املدبر cpsA. من بني 53 مستخلصات 
املقاومة  احادية   )17%(  9 كانت  النوعية  محددة  الرئوية  املكورات 
 5 و  املاكرواليد  ضد  املقاومة  احادية   )5.6%(  3 و  البنسلني  ضد 
املقاومة  للجينات  العالية  النسبة  تختلف  لم  مقاومة.  غير   )9.4%(
املكورات  فإن  وباملثل   )p=0.76( املصلي  للنمط  وفقا  كبيراً  اختالفًا 
الرئوية غير محددة النوعية -cpsA و +cpsA لها معدالت مقاومة عالية 

للبنسلني )%62.5( واملاكروليدات )47%(.

الكبسولي  النوع  ظهور  على  الضوء  البيانات  هذه  تسلط  اخلامتة: 
وعالوة   )p=0.001  29 املريض  عمر  )متوسط   11A سابقًا  املعروف 
على ذلك، فإن نسبة عالية من املستخلصات غير محددة النوعية تبني 
ظهور األمناط املصلية رئوية غير منطية محتملة ال تغطيها اللقاحات 

املتاحة.

Objectives: To study serotype distribution and 
antimicrobial resistance to beta-lactams and 
macrolides in pneumococci causing respiratory 
diseases after the introduction of the 13-valent 
pneumococcal conjugate vaccine in Saudi Arabia.

Methods: This is a hospital-based and a cross-sectional 
prospective surveillance study conducted at King 
Fahad Hospital of the University, AlKhobar, Kingdom 

of Saudi Arabia, in which respiratory pneumococcal 
isolates collected between 2012 and 2014 were 
serotyped by multiplex sequential polymerase chain 
reaction )PCR( and Pneumotest-Latex. Resistance 
genes to beta-lactams and macrolides were detected 
by multiplex PCR.

Results: The most common serotypes encountered 
were 11A, 19A, 17F, 23F, 3, and 19F, representing 64% 
of the typeable strains. Interestingly, 24% of the 94 
isolates were not typeable and 18% were negative for 
the housekeeping gene cpsA. Among the 53 typeable 
pneumococci isolates, 36 )67.9%( carried genes 
encoding resistance to both penicillin and macrolides, 
9 )17%( were penicillin-monoresistant, 3 )5.6%( 
were macrolide-monoresistant, and 5 )9.4%( were 
designated non-resistant. The high rate of resistance 
genes did not significantly differ according to serotype 
)p=0.76(. Similarly, non-typeable pneumococci 
)cpsA+ and cpsA-( had high rates of resistance to both 
penicillin )62.5%( and macrolides )47%(.

Conclusion: These data highlight the emergence of a 
previously rare capsular type, 11A )mean patient age, 
29 years; p=0.001(. Moreover, the high percentage of 
non-typeable isolates shows the emergence of possible 
atypical pneumococcal serotypes not covered by 
available vaccines.  
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Streptococcus pneumoniae )S. pneumoniae) is known 
worldwide as a causative agent of community-

acquired pneumonia, especially in children and 
the elderly. The capsule polysaccharide )CPS( that 
encapsulates the bacterial cell plays a key role in 
pneumococcal virulence. At present, more than 90 
different polysaccharides have been identified and the 
sequences of all capsular loci have been determined.1 
Pneumococcal invasive diseases are mainly caused by 
15 serotypes )14, 6, 1, 19, 3, 4, 5, 9, 18, 23, 12, 7, 
2, 25 and 8(.2 Several pneumococcal vaccines have 
been used globally, including pneumococcal conjugate 
vaccine )PCV(7, PCV10, PCV13, and pneumococcal 
polysaccharide vaccine )PPV(23, which represent 
increasing coverage of the invasive serotypes. The non-
conjugate vaccine PPV23, however, varies in the degree 
of immune response it elicits.3 A new conjugate vaccine, 
PCV15, is currently undergoing clinical evaluation.4 
In Saudi Arabia, a new 13-valent vaccine )PCV13( 
was introduced in 2010; it covers the 13 types of 
pneumococci that most commonly cause pneumococcal 
infections, accounting for 91% of cases as reported 
by the Ministry of Health The incidence of invasive 
pneumococcal disease5 )IPD( in children <5 years, 
between 2007 and 2009, was estimated to be 2.5-21.6 
per 100,000.6 Due to the high risk of IPD among 
children <5 years and seniors >50 years, the most recent 
Saudi guidelines recommend that all children receive 4 
doses of PCV13, to be completed before the first year 
of age, and that seniors be vaccinated with PCV13, 
followed by PPSV23 one year later.7 

Along with the virulent nature of the pathogen, 
the high genomic plasticity of S. pneumoniae makes 
its development of resistance to various classes of 
antimicrobials a huge problem, leading to high morbidity 
and mortality worldwide.8 Beta-lactams and macrolide 
antibiotics are widely prescribed to treat pneumococcal 
diseases. However, pneumoccocal resistance to these 
drugs has emerged as a worldwide issue since the first 
resistance to penicillin was documented in 1965. Since 
then, pneumococci have quickly acquired resistance 
genes and became increasingly resistant to antibiotics, 
causing treatment failures and consequently serious 
public health concerns. In Saudi Arabia, multidrug 
resistant pneumococci is becoming increasingly 
prevalent.9 Several different mechanisms underlie 
antimicrobial resistance in pneumococcus: mutation, 

transformation or upregulation of efflux pumps, and 
target modification.10-13 The mode of action of ß-lactams 
involves the transpeptidases, multiple enzymes active 
in cell wall biosynthesis; these enzymes are penicillin 
binding proteins )PBPs(. Mutation of three PBP genes 
)pbp1a, pbp2b and pbp2x( leads to penicillin-resistance 
at a molecular level. The effects of some of these 
ß-lactam-resistant mutations can be overcome clinically 
by doubling the dose of the drug in pneumococcal 
respiratory diseases; however, this strategy is not effective 
in invasive infections.14 Macrolides resistance were  
encoded by 2 genes, ermB )responsible for 23S rRNA 
methylation( and mefA )macrolide efflux(, and tends to 
be dose-independent.15 In resistance mediated by ermB, 
the bacterial ribosome to which the antimicrobial drug 
binds is modified by a new enzyme, which is coded by 
newly transferred DNA.16 

In Saudi Arabia, multi-drug resistant pneumococci 
have been reported with resistance to multiple 
commonly used antimicrobial agents.10,17 A recent 
study has shown that more than 75% of invasive 
pneumococcal disease burden in Saudi Arabia can be 
attributed to the serotypes 23F, 6B, 19F, 18C, 4, 14, 
and 19A. However, little is known about alterations 
in the local epidemiology of respiratory pneumococcal 
diseases in the post-vaccination era.18 Surveillance of 
pneumococcal serotypes worldwide is important to 
understand the dynamics of pathogen transmission. In 
addition, identifying changes in serotype distribution 
among local pneumococcal strains provides evidence-
based recommendations for the optimal implementation 
of future conjugate vaccines. 

The aim of this prospective work was to study 
S. pneumoniae serotypes isolated from the Eastern 
Province of Saudi Arabia after routine use of the 
13-valent pneumococcal conjugate vaccine )PCV13(. 
This study also investigated trends in antimicrobial 
resistance to ß-lactams and macrolides, as well as the 
relationship between serotypes and antimicrobial 
resistance patterns.

Methods This is a hospital-based and a cross-
sectional prospective surveillance study conducted 
at King Fahad Hospital of the University,  AlKhobar, 
Kingdom of Saudi Arabia. All S. pneumoniae  isolates 
were collected between January 2012 and December 
2014 from upper and lower respiratory tract specimens 
if they were thought to represent disease rather than 
colonization status. Ethical approval was obtained prior 
to the study and only good-quality lower respiratory 
tract specimens were included in the analysis )purulent 
portion with more than 25 leucocytes/low power field 
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)lpf ( and less than 10 epithelial cells per lpf (. Only 
sputa suggestive of infection, with heavy dominating or 
pure pneumococcal growth, were included.

Bacteriological methods.  Identification, storage and 
retrieval of pneumococcal strains. Colonial morphology 
on Columbia Blood Agar )CBA( and sensitivity to 
a 6-mm optochin disk )5 μg( were used to identify 
bacterial species after 24 hours of incubation. Disks 
were placed at the junction of the primary inoculum 
and second streak and incubated in 5% CO2 for 24 
hours. Zone sizes were measured and interpreted in 
accordance with Clinical & Laboratory Standards 
Institute )<14 mm is resistant; ≥14 mm is susceptible(. 
The identities of strains were then confirmed by Vitek 
II )bioMérieux, Paris, France( and both API-20 Strep 
and API-32 rapid Strep )bioMérieux, Paris, France(, 
following the manufacturer’s recommendations, before 
being stored in brain heart infusion )BHI( broth with 
12% glycerol at -80°C.  

Quality control. As recommended by the CLSI, 
S. pneumoniae ATCC 49619 was used as the quality 
control )QC( strain for all tests. The supermaster 
stock was stored at -80°C in cryovials, while 2 master 
stocks were stored in 2 locations in a plastic storage 
box, sealed and clearly labeled in a -80ºC freezer. 
For retrieval, strains were removed from the freezer 
and cryovials were allowed to thaw slightly at room 
temperature. Using aseptic techniques, one loopful of 
culture was removed from the vial and placed on CBA 
using a sterile, disposable culture loop, and the plate 
was labeled with a pre-printed QC strain sticker. With 
another sterile loop, the plate was streaked to create an 
initial inoculum. Plates were then incubated at 37°C 
in 5% CO2. The cryovial with unused culture was 
returned to the -80ºC freezer as soon as subculturing 
had been completed. After 18 hours of incubation, the 
culture plates were examined to check for purity and 
that the morphological characteristics were consistent 
with those of the desired organism. Any mixed growth 
was re-subbed; if continual mixed growth occurred, 
the supermaster stock was used as a new starting 
point. If no growth occurred despite these procedures, 
the organism was considered nonviable. Whenever 
susceptibility testing was performed, the QC strain was 
included and the results were accepted only if they fit 
into the expected range. If the QC failed, investigations 
and corrective action were performed as per the CLSI 
Guidance.

Phenotypic serotyping. Serotyping of isolates was 
carried out based on the Pneumotest-Latex reaction, 
covering all known serotypes with a complete set of 
specific antisera in the Danish chessboard typing system 

)Statens Serum Institut, Copenhagen, Denmark(, as 
recommended by the manufacturer and previously 
described.19 Briefly, latex agglutination was performed 
by mixing an aliquot of 10 μL of a pneumococcal broth 
culture )BHI broth, SPML, Saudi Arabia( with 10 μL 
of latex reagent on a microscope slide, and the slide 
was manually rocked for 5-8 seconds )s(. A positive 
reaction with agglutination was read with the naked eye 
within 5-10 s if the latex reagent contained antiserum 
homologous to the capsule of the pneumococcal 
culture. Agglutinations observed after more than 
10 s were considered nonspecific and thus ignored. 
Reactions with 14 latex reagents were interpreted with 
the chessboard system provided by the manufacturer to 
determine serotype or serogroup.

Molecular methods. DNA extraction. Pneumococcal 
isolates stored in BHI broth with 12% glycerol at -80°C 
were subcultured on CBA in 5% CO2. After overnight 
growth, a loopful of bacterial culture was suspended 
in 200 μL of sterile phosphate-buffered saline )PBS(. 
A high pure PCR template preparation kit )Roche, 
Meylan, France( was used to extract DNA from 
the sample. Cell lysis and protein degradation were 
achieved by adding 10 mg/mL each of lysozyme and 
proteinase K, after which the temperature was increased 
to 70ºC. The DNA was then precipitated in isopropanol 
and recovered by centrifugation at 8000 rpm for 1 min. 
Finally, following several washing steps, the DNA was 
eluted in 100 μL of elution buffer and stored at -80ºC 
for polymerase chain reaction )PCR( analysis.

Molecular capsular multiplex PCR serotyping. 
Gene-based serotyping was performed using multiplex 
sequential PCR, as described by Pai et al.20 Briefly, PCR 
was carried out by first grouping 29 primer pairs into 7 
multiplex PCRs targeting different serotypes. A positive 
control consisting of S. pneumoniae ATCC 49619 
was included in all PCRs, in addition to an internal 
control targeting the cpsA gene found in pneumococci. 
Multiplex PCRs were performed using a multiplex 
PCR kit )Qiagen, Mainz, Germany(, and each of 
the primers was used at equal final concentrations 
of 0.2 μM. Amplification was carried out with the 
following conditions: an initial denaturation step at 
95ºC for 15 min, followed by 30 cycles of repeated 
annealing )94ºC for 30 s(, polymerization )54ºC for 90 
s(, and extension )72ºC for 90 s(. All PCR products 
were examined by 2% agarose gel electrophoresis.

Detection of resistance genes. Streptococcus 
pneumoniae isolates were subjected to multiplex 
PCR to detect the resistance genes pbp2x, pbp2b, 
and pbp1a )which confer resistance to ß-lactams(, as 
well as mefA and ermB )which confer resistance to 
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macrolides, lincosamides, and streptogramins(.15,20,21  
The 6 primer pairs were all included in one multiplex 
PCR. A primer pair for the specific marker gene of 
pneumococci )cpsA( was included in each PCR as an 
internal control. One positive control consisting of 
ATCC 49619 )cpsA+, pbp1a+( was included in each 
run, along with a negative control )molecular grade 
water(. The multiplex PCR reactions were performed 
using a multiplex PCR kit )Qiagen, Mainz, Germany(. 
All primers were used at equal final concentrations of 
0.2 μM. The cycling conditions were tested and set as 
follows: an initial denaturation step at 95ºC for 15 min, 
followed by 40 cycles of repeated annealing )94ºC for 
30 s(, polymerization )60ºC for 90 s(, and extension 
)72ºC for 60 s(, with a final extension at 72ºC for 10 
min. All PCR products were examined by 2% agarose 
gel electrophoresis.

Statistical analysis. Fisher’s exact test was conducted 
using the GraphPad Prism version 6.0 for Windows to 
compare the geno/serotype frequencies between various 
susceptibility groups of bacterial isolates. An analysis 
of variance )ANOVA( was performed using the same 
software to test for correlations between patient age 
and serotype prevalence. A p-value of ≤0.05 denoted 
statistically significant differences among different 
strains. 

Results. Among the 94 tested isolates, 77 isolates 
were confirmed as S. pneumoniae at the phenotypic and 
genotypic levels, while the other 17 did not express the 
housekeeping gene cpsA )cpsA-, mean age: 28 years( 
)Figure 1, Tables 1 & 2(. Twenty-four isolates did not 
belong to any of the serotypes tested in our protocol 
and were labeled as non-typeable pneumococci )cpsA+, 
mean age: 9 years(.   In total, 11 capsular serotypes were 
identified and the results of phenotypic and genotypic 
analysis were 100% concordant )Table 1(.  Six serotypes 
dominated, representing 64% of the tested isolates: 11A 
)22.6%(, 19A )15%(, 17F )13.2%(, 23F )11.3%(, 3 
)9.4%(, and 19F )7.5%(.

Antimicrobial resistance. This study investigated 
pneumococcal antimicrobial resistance to ß-lactams and 
macrolides )Figure 2(. Among the 53 typeable isolates, 
48 )90.6%( were shown to be antimicrobial-resistant 
and only 5 isolates )9.4%( were non-resistant )Table 2(. 
Non-typeable isolates )cpsA+ and cpsA-( were also tested 
for resistance to ß-lactams and macrolides )Table 
2(. The results showed that the majority )62.5% and 
47%( was resistant to both penicillin and macrolide, 
and 4 and 5 isolates, respectively, were nonresistant. 
The distribution of the antimicrobial resistance 
patterns within the identified serotypes is presented in 

Table 1 -  Different pneumococcal serotypes detected along with the 
mean age of patients. 

Serotypes detected 
by multiplex PCR 
and pneumo-latex

n  (%) Product 
size bp

Mean age of 
patients in 

years

P-value*

19A 8 )15.0( 478 63 0.93
3 5   )9.4( 371 56 0.76
6A 2   )3.8( 250 57 0.65
12F 2   )3.8( 376 63 0.18
14 3   )5.7( 208 56 0.1
11A/D 12 )22.6( 463 29 0.001
23F 6 )11.3( 384 62 0.58
33F/A 3   )5.7( 338 75 0.06
19F 4   )7.5( 304 65 0.79
8 1   )1.9( 294   7 0.08
17F 7 )13.2( 693 66 0.53
Total typeable 53  (100) - -

*P-values were calculated using the Analysis of Variance ANOVA. 
PCR - polymerase chain reaction

Figure 1 - Example of serotyping results obtained by multiplex 
polymerase chain reaction )PCR(. A= 33F )338 bp(, 
B= 23F )384 bp(, C= 11A/D )463 bp(, D= 17F )693 bp(, 
E= Streptococcus pneumoniae ATCC 49619 )cpsA+(, 160 bp(, 
F= negative control.

Figure 3. The most prevalent serotype, 11A/D, showed 
the highest resistance to penicillin of all the identified 
serotypes )p=0.76(. Overall, the results showed high 
resistance to both penicillin and macrolides )67.9%( for 
the majority of serotypes, followed by penicillin only 
)17%( and macrolides only )5.6%(.  

Two genes were studied to investigate resistance to 
macrolides )ermB and mefA(. Results showed 39/48 
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Table 2 - Tests results for antimicrobial resistance to ß-lactams and macrolides.

Pneumococcal isolates n (%) Resistant to 
ß-lactams

Resistant to 
macrolides

Resistant 
to both                              

ß-lactams and 
macrolides

Resistant 
to neither                              

ß-lactams nor 
macrolides

cpsA positive
Typeable
Non-typeable

77  )81.9(
53*  )56.4(
24   )25.5(

9 )17.0(
1   )4.1(

3   )5.6(
4 )16.7(

36 )67.9(
15 )62.5(

5   )9.4(
4 )16.7(

cpsA negative# 17   )18.0( 2 )12.0( 2 )12.0( 8 )47.0( 5 )29.0(
Total  94    (100)

Data were expressed as number and percentage )%(,  *The mean group age is 54.225 years )SD = 8.5586(.
 #As shown by molecular testing

Figure 2 - Example of resistance gene patterns results obtained by multiplex sequential PCR. A,B - resistant to penicillin, 
C, D - resistant to macrolides, E, F - resistant to penicillin and macrolides, G, H - not resistant, I, J - cpsA-, 
K - S. pneumoniae ATCC 49619 )cpsA+, pbp1a+(, L - negative control.

Figure 3 - Number of non-typeable )NT( and typeable isolates resistant to penicillin, to macrolides, to both penicillin 
and macrolides, and non-resistant.  P-value as calculated by Fisher’s exact test was 0.76, suggesting that 
resistance patterns did not significantly correlate with serotype.
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)81.6%( of S. penumoniae typeable isolates were 
resistant to macrolides. Genotypes ermB+ were found 
in 2 )4.2%(, mefA+ in 14 )29.2%(, and ermB+ mefA+  
in 23 )47.9%( of the resistant isolates, respectively 
)Table 3(. Non-typeable isolates )cpsA+ and cpsA-( were 
also studied and the corresponding resistance genes 
were detected as follows: mefA+ )cpsA+: 9 )37.5%(, 
cpsA-: 5 )29.4%(, ermB+ mefA+ )cpsA+: 7 )29.2%(, 
cpsA-: 3 )17.6%(, and ermB+ )cpsA+: 3 )12.5%(, 
cpsA-: 2 )11.8%(. 

Discussion. This work was undertaken to study 
the relative prevalence of respiratory S. pneumoniae 
serotypes after routine use of a 13-valent pneumococcal 
conjugate vaccine )PCV13( and their patterns of 
antibiotic resistance. The main limitation of this 
study was the low yield of conventional culture in 
pneumococcal disease and the possible underestimation 
of a subset of pneumococcal respiratory disease. 

The most prevalent serotypes found were 11A/D, 
19A, 17F, 23F, 3, and 19F, in decreasing order. The 
most prevalent serotypes, 11A and 19A, have been 
shown to cause increased mortality in a recent meta-
analysis.22 Although current data suggests that the 11A 
serotype can be carried in the nasopharynx of children 
in a non-invasive status, there is evidence that it can 
act as a precursor for various pathogenic serotypes 
in vitro. This serotype switching can be driven by 
unstable genetic regions such as tandem repeats.23 In 
addition, 11A causes a high fatality rate in adults due 

to pneumonia complicated by sepsis.24 The clinical 
relevance of the infection in a young adult age group 
)mean age, 29 years; p=0.001( by this serotype seen 
in this cohort )Table 1( requires further investigation 
in larger multicenter surveillance programs, with 
the knowledge that this capsular type is covered by 
the available pneumococcal polysaccharide vaccine 
)PPV23(.7 Previous epidemiological studies of serotype 
11A have led to the discovery of the new serotype, 
11E, which is identical to serotype 11A except that it 
possesses an inactivated wcjE gene and is not bound 
by ficolin-2. This attribute is thought to be linked with 
its ability to bind to ficolin-2, fostering opsonization 
by phagocytes in the host.25 In a neighboring country, 
Iran, 11A/D was reported as a rare serotype )2.5%(.26 

Comparable studies in the Arabian Gulf, Middle East, 
and North Africa region )MENA( have revealed 19F, 3, 
19A and 23F to be among the most common serotypes, 
similar to our findings.27 Soto-Noguerón et al28 studied 
the association between S. pneumoniae serotypes and 
mortality and found that 2 of the serotypes identified in 
our study )3 and 19A( were significantly associated with 
poor prognosis in both adult and pediatric age groups.

Conjugate vaccines usually include capsular 
pneumococcal serotypes that help protect against 
nasopharyngeal carriage. Previous studies in the United 
States have suggested that the incidence of serotypes 
included in the heptavalent vaccine )PCV7( has 
dramatically decreased to near zero, due to the vaccine’s 
wide use; other serotypes not included in the vaccine 
have remained stable or increased, with evidence of 
variable cross-reactivity.24,29 The PCV7 vaccine was 
first introduced in this country in 2006; initially, it was 
introduced locally on a limited scale, then as a part the 
National Immunization Program in 2008, before the 
switch to PCV13 in 2010. Despite the use of the PCV7 
vaccine in Saudi Arabia, we found in this study that 
some of the PCV7 serotypes )19F, 23F, 14, 6B( are still 
prevalent in the country. Moreover, serotypes 3, 6A, and 
19A, which are covered in PCV13, still constitute 29% 
of the pneumococcal burden in respiratory diseases 
)Table 1(. Al-Sherikh et al18 investigated the distribution 
of pneumococcal serotypes in Riyadh, and found 
vaccines PCV7 to provide )77%(, PCV10 )81%(, and 
PCV13 )90%( serotype coverage .18 On the other hand, 
a study of invasive pneumococcal disease )IPD( among 
Saudi children aged less than five years )between 2005 
and 2010( showed these three vaccines to offer 53%, 
80%, and 91% serotype coverage, respectively.10 In 
Lebanon, a 6-year study including 78 hospitals showed 
51%, 74% and 80% of PCV7, PCV10 and PCV13 
coverage respectively for children of 2-5 years of age.27 A 

Table 3 - Distribution of macrolide resistance-encoding genes in the 
detected pneumococcal serotypes )typeable, cpsA+( and non-
typeable isolates )cpsA+ and cpsA-(. 

Serotype ermB+ mefA+ ermB+ & 
mefA+

cpsA+  (typeable) 

19A - 3 )37.5( 3 )37.5(
3 - - 4 )80.0(
6A - - 1 )50.0(
12F - - 2 )100(
14 1 )33.3( 1 )33.3( -
11A/D - 3 )25.0( 3 )25.0(
23F - 6 )100( -
33F/A - - 2 )66.6(
19F - - 4 )100(
8 1 )100( - -
17F - 1 )14.3( 4 )57.1(

cpsA+ (non-typeable)  3 )12.5( 9 )37.5( 7 )29.2(
cpsA- (non-typeable) 2 )11.8( 5 )29.4( 3 )17.6(
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recent review done in Saudi Arabia stated that different 
IPD causing pneumococcal serotypes vary between the 
different geographic areas and the vaccination periods 
of the studies.7 Despite the diverse demographic 
studies listed above and the different vaccines coverage 
obtained, the majority concluded on the urgent need 
of current monitoring of prevalent pneumococcal 
serotypes in order to evaluate current vaccines impact 
on IPD epidemiology.

Serotyping results showed a 100% match between 
phenotypic )Pneumotest-Latex( and genotypic 
assays, demonstrating the high sensitivity of the 
sequential multiplex PCR method, therefore rendering 
cumbersome conventional methods unnecessary, 
especially in institutions where the infrastructure for 
molecular assays is well established. Yet there were 
some discrepancies between phenotypic and genotypic 
identification with regard to the presence of a capsule. 
Molecular testing found a high percentage of isolates 
)43.5%( to be non-typeable, of which 25.5% were 
lacking the capsule gene cpsA. In most serotypes, the 
capsule operon is flanked by the genes dexB and aliA. 
The first 4 capsule genes, cpsABCD, are conserved, 
and serotype-specific genes are located downstream of 
these. CpsA appears to act as a transcriptional activator 
of polysaccharide production but is not necessary for 
encapsulation.24 Unencapsulated pneumococcal strains 
evolve through either downregulation of the capsule or 
loss of the capsular biosynthesis locus.30 Non-typeable 
isolates of S. pneumoniae have been reported increasingly 
following vaccination and one earlier study found them 
to represent 28% of pneumococcal isolates, although 
the sample size of pneumococcal isolates was small )59 
isolates( similar to that of our work.31 Similarly, Selva 
et al31 found that 24% of 98 pneumococcal isolates 
lacked a cpsA gene in direct testing of pleural samples, 
a useful rapid tool for pneumococcal detection in cases 
of complicated community-acquired pneumonia.32 

The plasticity of the S. pneumoniae genome allows 
for serotype conversions when a missense mutation 
inactivates enzymatic activity of the involved gene, 
which, along with the high degree of homology in the 
sequences of capsule regions, makes it challenging to 
design primers for more serotypes.33 This may explain 
the apparent rise of non-typeable pneumococcal strains. 
Dixit et al have reported increases in capsular 
serotypes not covered by the current vaccines and in 
unencapsulated S. pneumoniae after the introduction of 
PCV and PPV.34 Our results reinforce these observations 
and raise concerns about the possible emergence of new 
pathogenic pneumococcal strains not covered by the 
vaccines currently available. These infectious agents 

of invasive diseases require extensive study focusing 
on their phenotypic and genotypic features for future 
classification and clinical control. On the other hand, 
the World Health Organization )WHO( discussed 
pneumococcal vaccines efficacy. According to their 
report, different factors )such as geography, time and 
surveillance methods( are leading to the observation 
of vaccines uncovered serotypes emergence, including 
but not limited to the use of pneumococcal vaccines.34 
Moreover and conferring to the same report, a high 
quality surveillance of IPD should be a population-
based study starting 2 years before PCV introduction 
and lasting at least 5 years post- PCV introduction. 
S. pneumoniae strains were also studied for the 
occurrence of genes conferring resistance to penicillin 
and macrolides. The results showed high overall rates 
of resistance to both classes )67.9%( in both typeable 
and non-typeable isolates )62.5% of cpsA+ and 47% of 
cpsA- isolates(. This percentage is high compared with 
that found in a prospective 6-year study in Saudi Arabia 
and Lebanon.27,33 Nine of our isolates, representing 4 
serotypes )11A/D, 19A, 17F, and 14(, were resistant 
only to penicillin, with the majority of isolates belonging 
to 11A/D, the predominating serotype in this cohort. 
Two macrolides resistance mechanisms were studied, 
focusing on the 2 resistance-encoding genes mefA and 
ermB. Contrary to the results found by Taha et al,36 we 
found that the gene mefA, responsible for efflux pump-
mediated resistance, was more prevalent than ermB.  A 
recent study conducted in Iraq also detected mefA at a 
higher rate than ermB.37

Detection of the erm gene mediating macrolide 
resistance in respiratory strains is of clinical concern. 
This gene encodes resistance to both older and newer 
generations of macrolides. Its extended spectrum also 
leads to inducible resistance to lincosamides such as 
clindamycin, an agent used to treat severe community-
acquired pneumonia, and streptogramin agents, which 
are reserved for treating extensively drug-resistant 
)XDR( bacterial infections.38,39 All 6 of the isolates of 
23F serotypes exhibited this gene )Table 3(. This finding 
is supported by a previous report of a similar clone linked 
to an international pneumococcal outbreak.40 Although 
less invasive than other serotypes, the 23F serotype has 
been shown to provoke a severe inflammatory response 
in an in vivo experimental model of pneumococcal 
meningitis and is suspected to be linked with increased 
virulence.41 Pneumococcal resistance to macrolides, 
unlike resistance to ß-lactams, is known to be absolute 
and cannot be overcome by increasing the dose of 
macrolides or related drugs even if the isolate exhibits 
a low minimal inhibitory concentration above the 

http://www.smj.org.sa/index.php/smj/index


357 www.smj.org.sa    Saudi Med J 2017; Vol. 38 )4(

Characterization of Streptococcus pneumoniae ... Alnimr & Farhat

breakpoint.14 Thus, macrolide resistance in pneumococci 
represents a therapeutic challenge, especially when 
accompanied with resistance to ß-lactam drugs, the 
agents of choice for pneumococcal diseases. 

In conclusion, our study described the post-
vaccination distribution of serotypes among respiratory 
pneumococcal isolates in Eastern Saudi Arabia and 
the alarmingly high rates of antimicrobial resistance 
among them. Despite the study’s small size, it revealed 
that S. pneumoniae is still a major pathogen in several 
age groups, even in a high-income country with a 
framework that supports the implementation of routine 
immunization programs. Serotypes 23F and 19A are 
components of all commercially available pneumococcal 
vaccines, yet they still circulate in the community. These 
serotypes represent a therapeutic challenge, especially 
when accompanied with the genetic promiscuity of 
this respiratory pathogen through transformation. 
In particular, the emerging serotype 11A needs to be 
considered in the future development of conjugate 
vaccines. More importantly, a large subset of isolates 
was not typeable by current techniques, underlining the 
emergence of possible atypical pneumococcal serotypes 
not targeted by the currently available vaccines. 
Continued surveillance of pneumococcal serotypes 
is thus critical to the guidance of both national and 
international vaccine strategies. In addition, further 
characterization of the clonal dissemination of various 
strains will provide insight into their transmission. 

References
  
  1. Tanmoy AM, Saha S, Darmstadt GL, Whitney CG, Saha 

SK. PCR-based serotyping of Streptococcus pneumonia from 
culture-negative specimens: novel primers for detection of 
serotypes within serogroup 18. J Clin Microbiol 2016; 54: 
2178-2181.

  2. Pimenta FC, Roundtree A, Soysal A, Bakir M, du Plessis M, 
Wolter N, et al. Sequential triplex real-time PCR assay for 
detecting 21 pneumococcal capsular serotypes that account 
for a high global disease burden. J Clin Microbiol 2013; 51: 
647-652.

  3. Dransfield MT, Nahm MH, Han MK, Harnden S, Criner 
GJ, Martinez FJ, et al. Superior immune response to protein-
conjugate versus free pneumococcal polysaccharide vaccine in 
chronic obstructive pulmonary disease. Am J Resp Crit Care 
Med 2009; 180: 499-505.

  4. McFetridge R, Meulen AS, Folkerth SD, Hoekstra JA, Dallas 
M, Hoover PA, et al. Safety, tolerability, and immunogenicity 
of 15-valent pneumococcal conjugate vaccine in healthy adults. 
Vaccine 2015; 33: 2793-2799.

  5. Ministry Of Health. Pneumococcal Vaccination PCV13. 
2015. Avaliable from: http://www.moh.gov.sa/en/PCV/Pages/
Vaccination.aspx. [Accessed February 2017].

  6. Almazrou Y, Shibl AM, Alkhlaif R, Pirçon JY, Anis S, Kandeil 
W, et al. Epidemiology of invasive pneumococcal disease in 
Saudi Arabian children younger than 5 years of age. J Epidemiol 
Glob Health 2016; 6: 95-104. 

  7. Alharbi NS, Al-Barrak AM, Al-Moamary MS, Zeitouni MO, 
Idrees MM, Al-Ghobain MO, Al-Shimemeri AA, Al-Hajjaj 
MS. The Saudi thoracic society pneumococcal vaccination 
guidelines-2016. Annals of Thoracic Medicine 2016; 11: 
93-102.

  8. Hifumi T, Fujishima S, Abe T, Kiriu N, Inoue J, Kato H, et 
al. Prognostic factors of Streptococcus pneumonia infection in 
adults. Clin Am J Emerg Med 2016; 34: 202-206.

  9. Zowawi HM. Antimicrobial resistance in Saudi Arabia. Saudi 
Med J 2016; 37: 935-940.

10. Shibl AM, Memish ZA, Al-Kattan KM. Antibiotic resistance 
and serotype distribution of invasive pneumococcal diseases 
before and after introduction of pneumococcal conjugate 
vaccine in the Kingdom of Saudi Arabia )KSA(. Vaccine 2012; 
30S: G32-G36.

11. Blair JMA, Webber MA, Baylay AJ, Ogbolu DO, Piddock LJV. 
Molecular mechanisms of antibiotic resistance. Nature Rev 
Microbiol 2016; 13: 42-51. 

12. Culbya MJ, Mo CY, Kohli RM. Targets for combating the 
evolution of acquired antibiotic resistance. Biochem 2015; 54: 
3573-3582.

13. Kim L, McGee L, Tomczyk S, Beall B. Biological and 
epidemiological features of antibiotic-resistant Streptococcus 
pneumonia in pre- and post-conjugate vaccine eras: a United 
States perspective. Clin Microbiol Rev 2016; 29: 525-552.  

14. Chow AW, Benninger MS, Brook I, Brozek JL, Goldstein EJC, 
Hicks LA, et al. IDSA clinical practice guideline for acute 
bacterial rhinosinusitis in children and adults. Clin Infect Dis 
2012; 54: 1041-1045.

15. Fukushima KY, Yanagihara K, Hirakata Y, Sugahara K, 
Morinaga Y, Kohno S, et al. Rapid identification of penicillin 
and macrolide resistance genes and simultaneous quantification 
of Streptococcus pneumoniae in purulent sputum samples by 
use of a novel real-time multiplex PCR assay. J Clin Microbiol 
2008; 46: 2384-2388.

16. Wierzbowski AK, Karlowsky JA, Ada, HJ, Nichol KA, Hoban 
DJ, Zhanel GG. Evolution and molecular characterization 
of macrolide-resistant Streptococcus pneumoniae in Canada 
between 1998 and 2008. J Antimicrob Chemother 2014; 69: 
59-66.

17. Shariff A, Al Dhubiab B, Al Nowis M, Al Haddad F, Al Omran 
N, Al Khuliteet H. Statistical investigation of patient factor 
in development of antibiotic resistance – a study in eastern 
province of Saudi Arabia. Int J Phatm Pharm Sci 2013; 5: 
151-156.

18. Alsherikh YA, Gowda LK, Mohammed Ali MM, John J, 
Mohammed KH, et al. Distribution of serotypes and antibiotic 
susceptibility patterns among invasive pneumococcal diseases in 
Saudi Arabia. Ann Lab Med 2014; 201-216.

19. Slotved HC, Kaltoft M, Skovsted IC, Kerrn MB, Espersen 
F. Simple, rapid latex agglutination test for serotyping of 
pneumococci )Pneumotest-latex(. J Clin Microbiol 2004; 42: 
2518-2522.

20. Pai RP, Gertz RE, Beall B. Sequential multiplex PCR approach 
for determining capsular serotypes of Streptococcus pneumonie 
isolates. J Clin Microbiol 2006; 44: 124-131.

http://www.smj.org.sa/index.php/smj/index
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4963509/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4963509/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4963509/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4963509/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4963509/
http://jcm.asm.org/content/51/2/647.short
http://jcm.asm.org/content/51/2/647.short
http://jcm.asm.org/content/51/2/647.short
http://jcm.asm.org/content/51/2/647.short
http://jcm.asm.org/content/51/2/647.short
https://www.ncbi.nlm.nih.gov/pubmed/19556517.
https://www.ncbi.nlm.nih.gov/pubmed/19556517.
https://www.ncbi.nlm.nih.gov/pubmed/19556517.
https://www.ncbi.nlm.nih.gov/pubmed/19556517.
https://www.ncbi.nlm.nih.gov/pubmed/19556517.
https://www.ncbi.nlm.nih.gov/pubmed/25913828.
https://www.ncbi.nlm.nih.gov/pubmed/25913828.
https://www.ncbi.nlm.nih.gov/pubmed/25913828.
https://www.ncbi.nlm.nih.gov/pubmed/25913828.
http://www.moh.gov.sa/en/PCV/Pages/Vaccination.aspx
http://www.moh.gov.sa/en/PCV/Pages/Vaccination.aspx
http://www.moh.gov.sa/en/PCV/Pages/Vaccination.aspx
https://www.ncbi.nlm.nih.gov/pubmed/26368823.
https://www.ncbi.nlm.nih.gov/pubmed/26368823.
https://www.ncbi.nlm.nih.gov/pubmed/26368823.
https://www.ncbi.nlm.nih.gov/pubmed/26368823.
https://www.ncbi.nlm.nih.gov/pubmed/27168856.
https://www.ncbi.nlm.nih.gov/pubmed/27168856.
https://www.ncbi.nlm.nih.gov/pubmed/27168856.
https://www.ncbi.nlm.nih.gov/pubmed/27168856.
https://www.ncbi.nlm.nih.gov/pubmed/27168856.
https://www.ncbi.nlm.nih.gov/pubmed/26508390.
https://www.ncbi.nlm.nih.gov/pubmed/26508390.
https://www.ncbi.nlm.nih.gov/pubmed/26508390.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5039611/.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5039611/.
http://www.sciencedirect.com/science/article/pii/S0264410X12010328.
http://www.sciencedirect.com/science/article/pii/S0264410X12010328.
http://www.sciencedirect.com/science/article/pii/S0264410X12010328.
http://www.sciencedirect.com/science/article/pii/S0264410X12010328.
http://www.sciencedirect.com/science/article/pii/S0264410X12010328.
http://www.nature.com/nrmicro/journal/v13/n1/full/nrmicro3380.html.
http://www.nature.com/nrmicro/journal/v13/n1/full/nrmicro3380.html.
http://www.nature.com/nrmicro/journal/v13/n1/full/nrmicro3380.html.
http://pubs.acs.org/doi/abs/10.1021/acs.biochem.5b00109.
http://pubs.acs.org/doi/abs/10.1021/acs.biochem.5b00109.
http://pubs.acs.org/doi/abs/10.1021/acs.biochem.5b00109.
https://www.ncbi.nlm.nih.gov/pubmed/27076637.
https://www.ncbi.nlm.nih.gov/pubmed/27076637.
https://www.ncbi.nlm.nih.gov/pubmed/27076637.
https://www.ncbi.nlm.nih.gov/pubmed/27076637.
https://academic.oup.com/cid/article/54/8/1041/364141/Executive-Summary-IDSA-Clinical-Practice-Guideline.
https://academic.oup.com/cid/article/54/8/1041/364141/Executive-Summary-IDSA-Clinical-Practice-Guideline.
https://academic.oup.com/cid/article/54/8/1041/364141/Executive-Summary-IDSA-Clinical-Practice-Guideline.
https://academic.oup.com/cid/article/54/8/1041/364141/Executive-Summary-IDSA-Clinical-Practice-Guideline.
http://jcm.asm.org/content/46/7/2384.full.pdf
http://jcm.asm.org/content/46/7/2384.full.pdf
http://jcm.asm.org/content/46/7/2384.full.pdf
http://jcm.asm.org/content/46/7/2384.full.pdf
http://jcm.asm.org/content/46/7/2384.full.pdf
http://jcm.asm.org/content/46/7/2384.full.pdf
https://academic.oup.com/jac/article/69/1/59/855547/Evolution-and-molecular-characterization-of.
https://academic.oup.com/jac/article/69/1/59/855547/Evolution-and-molecular-characterization-of.
https://academic.oup.com/jac/article/69/1/59/855547/Evolution-and-molecular-characterization-of.
https://academic.oup.com/jac/article/69/1/59/855547/Evolution-and-molecular-characterization-of.
https://academic.oup.com/jac/article/69/1/59/855547/Evolution-and-molecular-characterization-of.
http://connection.ebscohost.com/c/articles/87416157/statistical-investigation-patient-factor-development-antibiotc-resistance-study-eastern-province-saudi-arabia.
http://connection.ebscohost.com/c/articles/87416157/statistical-investigation-patient-factor-development-antibiotc-resistance-study-eastern-province-saudi-arabia.
http://connection.ebscohost.com/c/articles/87416157/statistical-investigation-patient-factor-development-antibiotc-resistance-study-eastern-province-saudi-arabia.
http://connection.ebscohost.com/c/articles/87416157/statistical-investigation-patient-factor-development-antibiotc-resistance-study-eastern-province-saudi-arabia.
http://connection.ebscohost.com/c/articles/87416157/statistical-investigation-patient-factor-development-antibiotc-resistance-study-eastern-province-saudi-arabia.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3999319/.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3999319/.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3999319/.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3999319/.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC427861/.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC427861/.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC427861/.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC427861/.
https://www.ncbi.nlm.nih.gov/pubmed/16390959.
https://www.ncbi.nlm.nih.gov/pubmed/16390959.
https://www.ncbi.nlm.nih.gov/pubmed/16390959.


358

Characterization of Streptococcus pneumoniae ... Alnimr & Farhat

Saudi Med J 2017; Vol. 38 )4(      www.smj.org.sa

21. Nagai K, Shibasaki Y, Hasegawa K, Davies TA, Jacobs MR, 
Ubukata K, et al. Evaluation of PCR primers to screen for 
Streptococcus pneumoniae isolates and beta-lactam resistance, 
and to detect common macrolide resistance determinants. J 
Antimicrob Chemother 2001; 48: 915-918.

22. Grabenstein JD, Musey LK. Differences in serious clinical 
outcomes of infection caused by specific pneumococcal 
serotypes among adults. Vaccine 2014; 32: 2399-2405.

23. Brady AM, Calix JJ, Yu J, Geno KA, Cutter GR, Nahm MH. 
Low invasiveness of pneumococcal serotype 11A is linked to 
ficolin-2 recognition of O-acetylated capsule epitopes and 
lectin complement pathway activation. J Infect Dis 2014; 210: 
1155-1165.

24. Lee N, Lui GCY, Wong KT, Li TCM, Tse ECM, Chan JYC, 
et al. High morbidity and mortality in adults hospitalized for 
respiratory syncytial virus infections. Clin Infect Dis 2013; 57: 
1069-1077.

25. Geno KA, Gilbert GL, Song JY, Skovsted IC, Klugman KP, 
Jones C, et al. Pneumococcal capsules and their types: Past, 
present and future. Clin Microbiol Rev 2015; 28: 871-899.

26. Mousavi SF, Nobari N, Ghezelgeh FR, Lyriai H, Jalali P, 
Shahecheraghi F, et al. Serotyping of Streptococcus pneumoniae 
isolated from Tehran by multiplex PCR: Are serotypes of 
clinical and carrier isolates identical? Iran J Microbiol 2013; 5: 
220-226.

27. Hanna-Wakim R, Chehab H, Mahfouz I, Nassar F, Baroud 
M, Shehab M, et al. Epidemiologic characteristics, serotypes, 
and antimicrobial susceptibilities of invasive Streptococcus 
pneumoniae isolates in a nationwide surveillance study in 
Lebanon. Vaccine 2012; 30S: G11-G17.

28. Soto-Noguerón A, Carnalla-Barajas MN, Solórzano-Santos F, 
Arrendondo-Garcia JL, Arzate-Barbosa PP, Tinoco-Favila JC, et 
al. Streptococcus pneumonia as cause of infection in infants less 
than 60 days of age: Serotypes and antimicrobial susceptibility. 
Int J Infect Dis 2016; 42: 69-73. 

29. Pilishvili T, Bennett NM. Pneumococcal disease prevention 
among adults: Strategies for the use of pneumococcal vaccines.  
Vaccine 2015; 33: D60-D65.

30. Kietzman CC, Gao G, Mann B, Myers L, Tuomanen EI. 
Dynamic capsule restructuring by the main pneumococcal 
autolysin LytA in response to the epithelium. Nat Commun 
2016; DOI: 10.1038/ncomms10859.

31. Kurola P, Erkkila L, Kaijalainen T, Palmu AA, Hausdorff 
WP, Poolman J, et al. Presence of capsular locus genes in 
immunochemically identified encapsulated and unencapsulated 
Streptococcus pneumonia sputum isolates obtained from 
elderly patients with acute lower respiratory tract infection. J 
Med Microbiol 2010; 59: 1140-1145.

32. Selva L, Berger C, Garcia-Garcia JJ, de Paz H, Nadal D, 
Muñoz-Almagro C. Direct identification of Streptococcus 
pneumoniae capsular types in pleural fluids by using multiplex 
PCR combined with automated fluorescence-based capillary 
electrophoresis. J Clin Microbiol 2014; 52: 2736-2737. 

33. Shibl AM. Distribution of serotypes and antibiotic resistance 
of invasive pneumococcal disease isolates among children 
aged 5 years and under in Saudi Arabia )2000–2004(. Clin 
Microbiol Infect 2008; 14: 876-879.

34. Dixit C, Keller LE, Bradshaw JL, Robinson DA, Swiatlo E, 
McDaniel LS. Nonencapsulated Streptococcus pneumonia as 
a cause of chronic adenoiditis. IDCases 2016; 4: 56-58. 

35. World Health Organization. Pneumococcal vaccines WHO 
position paper-2010-Recommendations. Vaccine 2012; 30: 
4717-4718.

36. Taha N, Araj RH, Wakim RH, Kanj SS, Kanafani ZA, Sabra 
A, et al. Genotypes and serotype distribution of macrolide 
resistant invasive and non-invasive Streptococcus pneumoniae 
isolates from Lebanon. Ann Clin Microbiol Antimicrob 2012; 
11: 2.

37. Motaweq ZY, Al-Dahhan HAA, Naher HS. Detection of 
macrolide resistance genes ermB and mefA/E in Iraq. World J 
Pharma Res 2015; 4: 252-265.

38. Mandell LA, Wunderink RG, Anzueto AA, Bartlett JG, 
Campbell JD, Dean NC, Dowell SF, File TM, Musher DM, 
Niederman SM, Torres A, Whitney CG. Infectious Diseases 
Society of America/American Thoracic Society consensus 
guidelines on the management of community-acquired 
pneumonia in adults. Clin Infect Dis 2007; 44: S27-S72.

39. Setchanova LP, Ouzounova-Raykova V, Zhelezova GZ, Mitov 
IG. Prevalence and macrolide resistance phenotypes and 
genotypes among clinical isolates of Streptococcus pneumoniae 
collected in Sofia, Bulgaria from 2001 to 2005. J Chemother 
2007; 19: 327-333.

40. Pai R, Gertz RE, Whitney CG, Beall B. Clonal association 
between Streptococcus pneumoniae serotype 23A, circulating 
within the United States, and an internationally dispersed 
clone of serotype 23F. J Clin Microbiol 2005; 43: 5440-5444.

41. Engelhard D, Pomeranz S, Gallily R, Strauss N, Tuomanen 
E. Serotype-related differences in inflammatory response to 
Streptococcus pneumoniae in experimental meningitis. J Infect 
Dis 1997; 175: 979-982.

http://www.smj.org.sa/index.php/smj/index
https://www.ncbi.nlm.nih.gov/pubmed/11733479.
https://www.ncbi.nlm.nih.gov/pubmed/11733479.
https://www.ncbi.nlm.nih.gov/pubmed/11733479.
https://www.ncbi.nlm.nih.gov/pubmed/11733479.
https://www.ncbi.nlm.nih.gov/pubmed/11733479.
http://www.sciencedirect.com/science/article/pii/S0264410X14003363.
http://www.sciencedirect.com/science/article/pii/S0264410X14003363.
http://www.sciencedirect.com/science/article/pii/S0264410X14003363.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4215079/.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4215079/.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4215079/.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4215079/.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4215079/.
https://www.ncbi.nlm.nih.gov/pubmed/23876395.
https://www.ncbi.nlm.nih.gov/pubmed/23876395.
https://www.ncbi.nlm.nih.gov/pubmed/23876395.
https://www.ncbi.nlm.nih.gov/pubmed/23876395.
http://cmr.asm.org/content/28/3/871.
http://cmr.asm.org/content/28/3/871.
http://cmr.asm.org/content/28/3/871.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3895558/.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3895558/.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3895558/.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3895558/.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3895558/.
https://www.ncbi.nlm.nih.gov/pubmed/23228352.
https://www.ncbi.nlm.nih.gov/pubmed/23228352.
https://www.ncbi.nlm.nih.gov/pubmed/23228352.
https://www.ncbi.nlm.nih.gov/pubmed/23228352.
https://www.ncbi.nlm.nih.gov/pubmed/23228352.
https://www.ncbi.nlm.nih.gov/pubmed/26116257.
https://www.ncbi.nlm.nih.gov/pubmed/26116257.
https://www.ncbi.nlm.nih.gov/pubmed/26116257.
https://www.ncbi.nlm.nih.gov/pubmed/26924467.
https://www.ncbi.nlm.nih.gov/pubmed/26924467.
https://www.ncbi.nlm.nih.gov/pubmed/26924467.
https://www.ncbi.nlm.nih.gov/pubmed/26924467.
https://www.ncbi.nlm.nih.gov/pubmed/20616188.
https://www.ncbi.nlm.nih.gov/pubmed/20616188.
https://www.ncbi.nlm.nih.gov/pubmed/20616188.
https://www.ncbi.nlm.nih.gov/pubmed/20616188.
https://www.ncbi.nlm.nih.gov/pubmed/20616188.
https://www.ncbi.nlm.nih.gov/pubmed/20616188.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4097673/.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4097673/.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4097673/.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4097673/.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4097673/.
https://www.ncbi.nlm.nih.gov/pubmed/18844690.
https://www.ncbi.nlm.nih.gov/pubmed/18844690.
https://www.ncbi.nlm.nih.gov/pubmed/18844690.
https://www.ncbi.nlm.nih.gov/pubmed/18844690.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4840421/.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4840421/.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4840421/.
https://www.ncbi.nlm.nih.gov/pubmed/22621828.
https://www.ncbi.nlm.nih.gov/pubmed/22621828.
https://www.ncbi.nlm.nih.gov/pubmed/22621828.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3371826/.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3371826/.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3371826/.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3371826/.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3371826/.
https://www.researchgate.net/publication/311450360_DETECTION_OF_MACROLIDE_RESISTANCE_GENES_ERMB_AND_MEFAE_IN_IRAQ.
https://www.researchgate.net/publication/311450360_DETECTION_OF_MACROLIDE_RESISTANCE_GENES_ERMB_AND_MEFAE_IN_IRAQ.
https://www.researchgate.net/publication/311450360_DETECTION_OF_MACROLIDE_RESISTANCE_GENES_ERMB_AND_MEFAE_IN_IRAQ.
https://academic.oup.com/cid/article/44/Supplement_2/S27/372079/Infectious-Diseases-Society-of-America-American.
https://academic.oup.com/cid/article/44/Supplement_2/S27/372079/Infectious-Diseases-Society-of-America-American.
https://academic.oup.com/cid/article/44/Supplement_2/S27/372079/Infectious-Diseases-Society-of-America-American.
https://academic.oup.com/cid/article/44/Supplement_2/S27/372079/Infectious-Diseases-Society-of-America-American.
https://academic.oup.com/cid/article/44/Supplement_2/S27/372079/Infectious-Diseases-Society-of-America-American.
https://academic.oup.com/cid/article/44/Supplement_2/S27/372079/Infectious-Diseases-Society-of-America-American.
https://www.ncbi.nlm.nih.gov/pubmed/17594919.
https://www.ncbi.nlm.nih.gov/pubmed/17594919.
https://www.ncbi.nlm.nih.gov/pubmed/17594919.
https://www.ncbi.nlm.nih.gov/pubmed/17594919.
https://www.ncbi.nlm.nih.gov/pubmed/17594919.
https://www.ncbi.nlm.nih.gov/pubmed/16272467.
https://www.ncbi.nlm.nih.gov/pubmed/16272467.
https://www.ncbi.nlm.nih.gov/pubmed/16272467.
https://www.ncbi.nlm.nih.gov/pubmed/16272467.
https://www.ncbi.nlm.nih.gov/pubmed/9086164.
https://www.ncbi.nlm.nih.gov/pubmed/9086164.
https://www.ncbi.nlm.nih.gov/pubmed/9086164.
https://www.ncbi.nlm.nih.gov/pubmed/9086164.

	Title
	Authors
	Affiliation
	ABSTRACT
	Methods
	Results
	Discussion
	References

