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Objectives: This study aimed to explore the genetic diversity of Streptococcus pneumoniae isolates in a 

Tunisian pneumology hospital. 

Methods: A total of 141 S. pneumoniae strains isolated between 2009–2016 in the microbiology laboratory 

at A. Mami Hospital of Pneumology were investigated. Antimicrobial susceptibility testing was performed 

the disk diffusion method. MICs of penicillin G, amoxicillin and cefotaxime were determined by Etest. 

Serotyping was inferred from the results of multiplex PCR targeting 40 serotypes. Sequence types (STs) 

were determined by multilocus sequence typing (MLST). 

Results: Among the 141 S. pneumoniae isolates, 98 (69.5%) were resistant to erythromycin. Evaluation 

of β-lactam susceptibility showed that 90 strains (63.8%) were non-susceptible to penicillin, whereas 48 

(34.0%) had decreased susceptibility to amoxicillin and 21 (14.9%) to cefotaxime. Twenty-five serotypes 

were detected, and 10 isolates were classified as non-typeable. Vaccine coverage was 56.7%, 60.3% and 

75.2% for pneumococcal conjugate vaccine 7 (PCV7), PCV10 and PCV13, respectively. Overall, 73 STs were 

identified, including 23 described for the first time. The most frequent STs were ST179 ( n = 17), ST3772 

( n = 14), ST2918 ( n = 10) and ST4003 ( n = 5), related to serotypes 19F, 19A, 14 and 23F, respectively. More- 

over, 110 strains were classified within 45 STs. Three international antimicrobial-resistant clones were 

found, including Denmark 14 -ST230 ( n = 22), Spain 9V -ST156 ( n = 22) and Portugal 19F -ST177 ( n = 20). 

Conclusion: This study emphasises the clonal and international dissemination of antimicrobial-resistant 

S. pneumoniae clones. Significant differences in genetic variation were documented by MLST within the 

various serotypes identified. 

© 2018 Elsevier B.V. and International Society of Chemotherapy. All rights reserved. 
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. Introduction 

Streptococcus pneumoniae is a Gram-positive bacterium that

olonises the nasopharynx of humans. Usually, episodes of coloni-

ation are essentially asymptomatic and do not lead to illness.

owever, this balance between host and bacteria can be altered

hen innate and/or adaptive immune mechanisms are weakened,

 situation that is more common in extreme ages and immuno-

ompromised people. Streptococcus pneumoniae can cause various

ypes of infections, with the most serious being meningitis and

epticaemia [1,2] . 

The majority of pneumococcal strains have a polysaccharide

apsule that acts as an important virulence factor. Based on anti-

enic characteristics of the polysaccharide capsule, more than 90

erotypes of S. pneumoniae have been identified [3] . Naturally sus-
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eptible to many antibiotic families, S. pneumoniae has gradu-

lly acquired resistance to sulfonamides (1943), tetracycline (1963),

rythromycin (1967), penicillin (1967) and chloramphenicol (1970)

4] . 

Regarding pneumococcal vaccines, a vaccine composed of

erotypes 1 and 2 was prepared in 1938. A 14-valent vaccine was

arketed in the USA in 1977, and in 1983 a 23-valent vaccine was

sed in France. All of these vaccines were of polysaccharidic nature

nd were therefore not immunogenic in children < 2 years of age.

n 20 0 0, a heptavalent conjugate vaccine was marketed contain-

ng the seven most common and antimicrobial-resistant serotypes

f S. pneumoniae , which was immunogenic in children aged < 2

ears [5] . Currently, two pneumococcal conjugate vaccines (PCVs)

re available, the 13-valent vaccine containing serotypes 1, 3, 4, 5,

A, 6B, 7F, 9V, 14, 18C, 19A, 19F and 23F, and the 10-valent vaccine

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

Typing methods for studying the epidemiology of S. pneumoniae

ere initially based on phenotypic markers such as optochin test,

ile solubility, Gram staining, latex agglutination and serogrouping.
rved. 

https://doi.org/10.1016/j.ijantimicag.2018.09.023
http://www.ScienceDirect.com
http://www.elsevier.com/locate/ijantimicag
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However, these markers remain unsatisfactory and lack discrim-

inatory power. Genotypic methods developed later used analysis

of chromosomal DNA by gene amplification. This molecular typing

method offers an optimal combination of technical feasibility, dis-

criminatory power and ease of interpretation. However, the results

obtained are not exploitable on a global scale and do not allow

the phylogenetic placing of tested isolates. More recently, analysis

of resistance gene polymorphism has emerged as an attractive ap-

proach to link epidemiology and resistance. Multilocus sequence

typing (MLST) analysis is used to develop a macroepidemiologi-

cal and phylogenetic analysis of S. pneumoniae . This technique is

based on nucleotide sequence comparison of seven gene polymor-

phisms ( aroE, gdh, gki, recP, spi, xpt and ddl ) distributed over the

bacterial chromosome and conserved during evolution. This tech-

nique makes it possible to determine the ‘sequence type’ (ST) as

well as the clonal complex (CC) to which typed isolates belong.

The sequences (and the alleles that they define) are exportable

and can be gathered in a centralised database, accessible online

( http://spneumoniae.mlst.net ), which makes it possible to compare

the strain that a laboratory has typed with international data avail-

able on the same species. 

The aim of the present study was to characterise invasive and

non-invasive S. pneumoniae isolates collected in a pneumology hos-

pital in Tunisia from 2009–2016 based on analysis of serotypes, an-

timicrobial susceptibility patterns and STs obtained by MLST. 

2. Materials and methods 

2.1. Pneumococcal isolates 

This study investigated 141 S. pneumoniae isolates obtained be-

tween 2009 and 2016 in the microbiology laboratory of A. Mami

Hospital of Pneumology (Ariana, Tunisia). 

Species identification was based on the following characteris-

tics: α-haemolysis; Gram staining; optochin susceptibility; reac-

tivity with the Slidex ® Pneumo Kit (bioMérieux, Marcy-l’Étoile,

France); and amplification of the cpsA gene as previously described

[6] . All strains were stored at –80 °C on porous beads until further

processing. 

2.2. DNA extraction 

Genomic DNA was extracted from fresh bacterial cultures using

a QIAamp 

® Tissue Kit (QIAGEN, Hilden, Germany). 

2.3. Serotyping 

Serotyping was inferred from the results of a multiplex PCR

method able to discriminate 40 serotypes [1, 2, 3, 4, 5, 6A/B, 6C,

7F, 7C/7B/40, 8, 9N/L, 9V, 10A, 10F/10C/33C, 11A, 12F, 13, 14, 15A/F,

15B/C, 16F, 17F, 18, 19A, 19F, 20, 21, 22F/A , 23A , 23B, 23F, 24(A, B,

F), 31, 33F, 34, 35A, 35B, 35F, 38/25F and 39] as described previ-

ously [7,8] . 

2.4. Multilocus sequence typing (MLST) 

Streptococcus pneumoniae STs were identified by MLST. The

pneumococcal typing system is based on the internal fragments

of seven housekeeping genes, including: shikimate dehydrogenase

( aroE ); glucose-6-phosphate dehydrogenase ( gdh ); glucose kinase

( gki ); transketolase ( recP ); signal peptidase ( spi ); xanthine phos-

phoribosyltransferase ( xpt ); and d -alanine- d -alanine ligase ( ddl ).

Primer pairs used to amplify these seven genes have been de-

scribed previously by Adamiak et al. [9] . Allele numbers and

STs were named according to the S. pneumoniae MLST database
 https://pubmlst.org/spneumoniae ). Phylogenetic relationships be-

ween STs were estimated using the freely available PHYLOViZ soft-

are [10] . 

CCs were assigned as groups of STs sharing six or more identical

ousekeeping alleles. STs belonged to the same CC if they shared

ve MLST allele numbers, with the CC being named after the pu-

ative founder of the cluster. ST profiles of PMEN (Pneumococcal

olecular Epidemiology Network) clones 1–43 were determined

sing the PMEN website ( http://www.sph.emory.edu/PMEN ). Iso-

ates that could not be classified into any CC owing to lack of close

elationships were designated as singletons. 

.5. Antimicrobial susceptibility testing 

Antimicrobial susceptibility testing was performed using the

ntibiogram method on 5% horse blood-enriched Mueller–Hinton

gar as recommended by the Antibiogram Committee of the French

ociety for Microbiology (CA-SFM) 2013 guidelines. The antimicro-

ial agents tested included oxacillin (5 μg), chloramphenicol (30

g), tetracycline (30 μg), erythromycin (15 μg), lincomycin (15 μg),

rimethoprim/sulfamethoxazole (SXT) (23.75/1.25 μg), vancomycin

30 μg), levofloxacin (5 μg) and rifampicin (5 μg). Isolates with

n inhibition zone for the 5-μg oxacillin disk of < 26 mm were

creened for non-susceptibility to penicillin as follows. Minimum

nhibitory concentrations (MICs) of penicillin G, amoxicillin and ce-

otaxime were determined by Etest (AB BIODISK, Stockholm, Swe-

en) for all putative penicillin-non-susceptible pneumococci. The

IC breakpoints used were those of the CA-SFM 2013, as follows:

enicillin G, 0.06–1 mg/L; and amoxicillin and cefotaxime, 0.5–2

g/L. An internal quality control was performed using S. pneumo-

iae ATCC 49619. Multidrug resistance was defined as resistance to

hree or more antibiotic families. 

. Results 

.1. Bacterial isolates 

Strains from respiratory tract samples represented 83.7%

118/141) of cases, including 58.5% (69/118) obtained from pro-

ected respiratory samples in hospitalised patients with pneumonia

protected distal bronchial specimen and bronchoalveolar lavage)

nd 41.5% (49/118) of strains from unprotected pulmonary samples

sputum and lung aspirate). The remaining of 23 strains (16.3%)

ere isolated from deep pus, blood, pleural fluid and ear ( Table 1 ).

mong the 141 isolates, 106 (75.2%) and 35 (24.8%) were obtained

rom male and female patients, respectively ( Table 2 ). Moreover,

23 strains (87.2%) were isolated from adults and 18 strains (12.8%)

ere from children aged < 15 years ( Table 2 ). 

.2. Serotype distribution 

A total of 131 isolates could be classified within 25 distinct

erotypes. The remaining 10 isolates (7.1%) were classified as non-

ypeable. The prevalent serotypes were 19F ( n = 28; 19.9%), 14

 n = 22; 15.6%), 23F ( n = 16; 11.3%), 19A ( n = 15; 10.6%) and 6A/B

 n = 7; 5.0%). The serotypes detected were covered by PVC7, PCV10

nd PCV13 in 56.7%, 60.3% and 75.2% of isolates, respectively

 Fig. 1 ). 

.3. Multilocus sequence typing 

The 141 pneumococcal isolates tested in this study were dis-

ributed into 73 distinct STs ( Fig. 2 ). Among the 73 STs identi-

ed, 23 were newly assigned (ST13520, ST13521, ST13522, ST13523,

T13524, ST13525, S13526, ST13527, ST13528, ST13529, ST13530,

T13531, ST13532, ST13533, ST13534, ST13535, ST13536, ST13537,

http://spneumoniae.mlst.net
https://pubmlst.org/spneumoniae
http://www.sph.emory.edu/PMEN
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Table 1 

Characteristics of 141 Streptococcus pneumoniae isolates with regard to penicillin G (PEN) and erythromycin (ERY) resistance, serotype and multilocus sequence typing (MLST) 

profile. 

Predicted ST/CC (no. of isolates) MLST Associated PMEN clone Source of isolation/year Resistance Serotype 

ERY PEN 

230 ( n = 22) ST230 (1) Denmark 14 -32 PDP/2009 22 R 22 PNSP 14 

ST276 (1) Denmark 14 -32 SLV Ear 19A 

ST4253 (1) Sputum/2015 24(A/B/F) 

ST2307 (3) Denmark 14 -32 DLV PDP/2013 19F 

Sputum/2014 

Sputum/2016 

ST13527 (1) Deep pus/2013 NT 

ST13536 (1) PDP/2012 19F 

ST3772 (14) Denmark 14 -32 TLV BAL/2012 19A 

BAL/2013 

BAL/2015 

Lung aspirate/2012 

Lung aspirate/2016 ( n = 2) 

PDP/2015 

Sputum/2014 ( n = 4) 

Sputum/2016 ( n = 2) 

Ear/2015 

156 ( n = 22) ST156 (3) Spain 9V -3 BAL/2010 R PNSP 14 

Blood/2009 S PNSP 

Sputum/2009 R S 9V 

ST334 (1) Spain 9V -3 SLV Sputum/2012 R PNSP 

ST838 (2) Deep pus/2014 S PNSP 

BAL/2015 S PNSP 

ST2918 (10) PDP/2011 10 R 2 S; 8 PNSP 14 

Blood/2011 

BAL/2012 

BAL/2015 

Deep pus/2015 

Sputum/2013 

Sputum/2014 ( n = 2) 

Sputum/2015 

Lung aspirate/2016 

ST143 (3) Spain 9V -3 DLV PDP/2010 R PNSP 

Blood/2015 R PNSP 

PDP/2015 S PNSP 

ST2306 (1) Sputum/2010 R PNSP 

ST13535 (1) BAL/2016 R PNSP 

ST13542 (1) Sputum/2010 R PNSP 

177 ( n = 20) ST179 (17) Portugal 19F -21 SLV Sputum/2016 R PNSP 19F 

Lung aspirate/2010 

Lung aspirate/2013 

Sputum/2010 

Sputum/2011 

Sputum/2015 ( n = 4) 

PDP/2010 

BAL/2012 

BAL/2015 ( n = 4) 

Pleural fluid/2012 

Blood/2016 

ST3682 (1) BAL/2013 

ST13528 (1) Portugal 19F -21 DLV Lung aspirate/2014 

ST13524 (1) Portugal 19F -21 TLV BAL/2015 S 

81 ( n = 12) ST81 (3) Spain 23F -1 PDP/2010 3 R 3 PNSP 23F 

PDP/2015 4 R 

Lung aspirate/2013 5 R 

ST326 (1) Spain 23F -1, SLV Lung aspirate/2015 R PNSP 

ST4003 (5) Spain 23F -1, SLV PDP/2010 5 R 5 PNSP 

PDP/2015 

BAL/2016 

Sputum/2009 

Sputum/2015 

ST13522 (1) Spain 23F -1, DLV Sputum/2015 R PNSP 

ST13529 (1) Spain 23F -1, SLV Sputum/2014 R PNSP 

ST13532 (1) Spain 23F -1, DLV Sputum/2016 R PNSP 

63 ( n = 6) ST62 (3) Sweden 15A -25, TLV BAL/2015 ( n = 2) 3 S 3 S 11A 

PDP/2015 

ST63 (2) Sweden 15A -25 Sputum/2014 2 R S 15A/F 

Pleural fluid/2015 PNSP 23F 

ST408 (1) Sweden 15A -25, TLV BAL/2015 S S 11A 

( continued on next page ) 
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Table 1 ( continued ) 

Predicted ST/CC (no. of isolates) MLST Associated PMEN clone Source of isolation/year Resistance Serotype 

ERY PEN 

180 ( n = 5) ST180 (4) Netherlands 3 -31 BAL/2013 ( n = 2) 5 S 4 S 3 

BAL/2015 

Blood/2016 

ST505 (1) Netherlands 3 -31, DLV BAL/2015 PNSP 

315 ( n = 4) ST386 (3) Poland 6B -20, DLV PDP/2010 4 R PNSP 6A/B 

Sputum/2009 PNSP 

Sputum/2010 PNSP 

ST13537(1) Poland 6B -20, TLV Blood/2016 S 

377 ( n = 4) ST558 (4) Utah 35B -24, SLV BAL/2013 4 R PNSP 35B 

BAL/2014 S 

Sputum/2015 PNSP 

Sputum/2015 PNSP 

338 ( n = 3) ST338 (2) Colombia 23F -26 Sputum/2015 R S 23F 

Blood/2016 S S 

ST360 (1) Colombia 23F -26, DLV Pleural fluid/2015 S PNSP 23F 

90 ( n = 2) ST90 (2) Spain 6B -2 PDP/2009 2 R 2 PNSP 6A/B 

BAL/2009 

218 ( n = 2) ST3544 (2) Denmark 12F -34, SLV Blood/2014 2 S 2 S 7F 

PDP/2015 

113 ( n = 1) ST113 Netherlands 18C -36 Lung aspirate/2016 R PNSP 18 

289 ( n = 1) ST289 Colombia 5 -19 Blood/2014 S S 5 

306 ( n = 1) ST306 Sweden 1 -28 Pleural fluid/2015 S S 1 

273 ( n = 1) ST2325 Greece 6B -22, DLV BAL/2016 R PNSP NT 

9 ( n = 1) ST2601 England 14 -9, TLV PDP/2015 S PNSP NT 

37 ( n = 1) ST8959 Tennessee 23F -4, TLV BAL/2015 S S 23B 

91 ( n = 1) ST9317 Netherlands 7F -39, SLV BAL/2010 S S 20 

327 ( n = 1) ST13525 Portugal 6A -41, TLV PDP/2016 R PNSP 19F 

Singleton ( n = 31) ST135 Singleton Blood/2009 R PNSP 20 

ST241 Singleton Pleural fluid/2011 S S 18 

ST346 Singleton Sputum/2011 R PNSP 15A/B 

ST404 (2) Singleton BAL/2009 2 S 2 S 8 

BAL/2012 

ST1050 Singleton BAL/2010 R S 11A 

ST1220 Singleton BAL/2010 S S 3 

ST1766 (2) Singleton BAL/2009 2 S 2S 31 

BAL/2015 

ST2358 Singleton BAL/2013 S S 4 

ST2567 Singleton PDP/2014 S S NT 

ST3751 Singleton PDP/2015 S S NT 

ST5969 Singleton Deep pus/2009 S S NT 

ST8605 Singleton Sputum/2015 R S 11A 

ST8919 Singleton PDP/2011 R PNSP 

ST9210 Singleton BAL/2013 S S NT 

ST9338 (2) Singleton PDP/2009 2 S 2 S 14 

BAL/2013 

ST13010 Singleton BAL/2015 S PNSP 17F 

ST13520 Singleton PDP/2010 R S 34 

ST13521 Singleton Sputum/2013 R PNSP 7C/7B/40 

ST13523 Singleton PDP/2013 R S NT 

ST13526 Singleton Sputum/2012 R PNSP 19F 

ST13530 Singleton Deep pus/2013 S PNSP 17F 

ST13531 Singleton BAL/2012 S S NT 

ST13533 Singleton PDP/2010 S S 14 

ST13534 Singleton Ear/2009 R PNSP 15A/F 

ST13538 Singleton PDP/2010 S S 5 

ST13539 Singleton BAL/2010 S PNSP 19F 

ST13540 Singleton PDP/2010 S S 19F 

ST13541 Singleton BAL/2013 S PNSP 6A/B 

BAL, bronchoalveolar lavage; CC, clonal complex; DLV, double-locus variant; NT, non-typeable; PDP, protected distal bronchial specimen; PMEN, Pneumococcal Molecular 

Epidemiology Network; PNSP, penicillin-non-susceptible pneumococci; R, resistant; S, susceptible; SLV, single-locus variant; ST, sequence type; TLV, triple-locus variant. 

Table 2 

Patient characteristics and isolation of Streptococcus pneumoniae. 

Respiratory 

tract samples 

( n = 118) 

Non-respiratory 

samples 

( n = 23) 

Age 

Children aged < 15 years ( n = 18; 12.8%) 18 0 

Adults aged 15–85 years ( n = 123; 87.2%) 100 23 

Sex 

Male ( n = 106; 75.2%) 88 18 

Female ( n = 35; 24.8%) 30 5 

S  

S  

i  

t  

(  

a  

s  

c  

A  

C  

m

T13538, ST13539, ST13540, ST13541 and ST13542) ( Table 1 ). The

T179 ( n = 17), ST3772 ( n = 14), ST2918 ( n = 10) and ST4003 ( n = 5)

solates were related to serotypes 19F, 19A, 14 and 23F, respec-

ively. STs that exhibited more than one serotype included ST63

serotypes 11A, 15A/F and 23F), ST156 (serotypes 9V and 14)

nd ST230 [serotypes 14, 19F, 19A and 24(A/B/F)]. A total of 110

trains were classified within 45 STs. These strains belonged to 19

lonal groups, whilst 28 STs (31 isolates) were singletons ( Table 1 ).

mong 43 PMEN clones, 19 included 110 isolates. Furthermore,

C230 ( n = 22 isolates), CC156 ( n = 22) and CC177 ( n = 20) were the

ost frequent CCs, constituting 45.4% of all tested isolates. 
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Fig. 1. Serotype distribution and vaccine coverage among studied Streptococcus pneumoniae isolates. PCV7, 7-valent pneumococcal conjugate vaccine; PCV10, 10-valent pneu- 

mococcal conjugate vaccine; PCV13, 13-valent pneumococcal conjugate vaccine; NT, non-typeable. 

Fig. 2. Relationship between sequence types of pneumococcal isolates obtained in 2009–2016 constructed using goeBURST analysis. 
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3.4. Antimicrobial resistance 

Among the 141 pneumococcal isolates, 90 (63.8%) were non-

susceptible to penicillin G, whereas 48 (34.0%) exhibited decreased

susceptibility to amoxicillin and 21 (14.9%) to cefotaxime. Regard-

ing macrolides, 98 isolates (69.5%) were resistant to erythromycin,

including inducible macrolide–lincosamide–streptogramin B

(iMLS B ) phenotype (13.3%; 13/98), constitutive MLS B (cMLS B )

phenotype (75.5%; 74/98) and M phenotype (11.2%; 11/98). 

Of the 141 isolates, 93 (66.0%) of were multidrug-resistant

(MDR). The most common MDR pattern was erythromycin/SXT/

lincomycin/tetracycline/ β-lactams. 

Resistance to antimicrobials was more associated with ST than

with serotype. Importantly, the second most frequent ST detected

in this study (ST3772) represented 9.9% of tested isolates. ST3772

was associated with serotype 19A. In 2012–2016, serotype 19A iso-

lates were resistant to both penicillin and erythromycin. CC230,

CC156 and CC177 were the main resistant clones to penicillin and

erythromycin. 

4. Discussion 

This study aimed to describe the genotypic diversity of pneu-

mococcal isolates from invasive and non-invasive infections in Ar-

iana, northern Tunisia. The predominant S. pneumoniae serotypes

identified in this study were 19F ( n = 28; 19.9%), 14 ( n = 22; 15.6%),

23F ( n = 16; 11.3%), 19A ( n = 15; 10.6%) and 6A/B ( n = 7; 5.0%), ac-

counting for 62.4% of the isolates. In a previous study carried out

in Tunisia during 20 0 0–20 09, serotype 14 was the most frequently

isolated (22.2%), followed by serotypes 19F (15.5%), 23F (10.3%) and

6B [11] . The predominant pneumococcal serotypes isolated from

immunocompromised patients in Tunisia during 2005–2011 were

19F (17%), 23F (17%), 14 (13.5%) and 6B (10.1%), which is sim-

ilar to the current findings [12] . However, in the current study

the predominant serotypes included 19A from 2012. Following the

introduction of PCV7, serotype replacement, especially serotype

19A, has been observed worldwide [13,14] . A high prevalence of

serotype 19A has been noted in other Tunisian studies [11,15–17] .

In Casablanca, Morocco, the most prevalent serotypes in descend-

ing order were 14 (16.1%), 6B (13.9%), 19A (11.4%), 19F (8.9%) and

23 F (8.9%) [18] . In a previous study, we also observed that among

187 pneumococcal isolates, the most common serotypes were 19F

(31.6%), 19A (19.8%), 23F (11.2%), 6A (9.1%) and 14 (9.1%) [19] .

However, in a systematic analysis of worldwide data, serotype 14

was the most common cause of invasive pneumococcal infections

worldwide [20] . 

In the present study, the coverage rates of PVC7, PCV10 and

PCV13 were 56.7%, 60.3% and 75.2% for total isolates, respectively.

These findings are similar to recent results from Sfax, Tunisia [16] .

PCV7 was introduced in Tunisia in 2008, then PVC10 and PVC13

became available in 2012–2013. The coverage rate of PCV13 was

significantly higher than that of PCV10 because of the increased

coverage of serotypes 3, 6A/B and 19A. The serotype coverage of

PCV10 and PCV13 was statistically higher than the coverage of

PCV7. 

Using MLST, a wide genotypic diversity was identified among

pneumococcal isolates from Tunisia. However, although 73 dif-

ferent STs were identified, isolates were assigned to only 19

CCs and there were large numbers of singletons (28 STs with

33 isolates). Also, 16.3% of isolates exhibited new STs. In this

study, CC230 was the most frequent clonal complex, comprising

seven STs including ST3772, ST2307, ST230, ST276 and others. The

seven STs (22 isolates; 15.6%) were associated with international

antimicrobial-resistant Denmark 14 -32 clone ST230 (defined by the

PMEN). The serotypes of strains included in CC230 were 14, 19A,

19F and 24(A/B/F), except for 1 non-typeable strain. CC156 in-
luded serotypes 14 and 9V isolates, which are related to Spain 

9V -3

lone ST156. Likewise, the current results suggest that the pneu-

ococcal clonal types identified in northern Tunisia are similar

o those prevalent in many countries, including Portugal, Poland,

ussia, Japan, Brazil, Italy and France, where high prevalences of

enmark 14 -32 clone ST230 and Spain 

9V -3 clone ST156 have been

eported [21–27] . Furthermore, 20 isolates belonging to CC177

ere classified into four STs, which are, in the database, mainly

ssociated with serotype 19F strains and related to Portugal 19F -21

lone ST177. A study performed in 2015 in Tunisia had already de-

ected this same clone [12] . In addition, the Portugal 19F -21 clone

T177 has been reported as the most frequent clone in Italy [26] . 

The emergence of STs including more than two serotypes ow-

ng to horizontal transfer of capsule genes has well been de-

cribed [28] and there were several examples of capsular switch-

ng events in this study: ST63 (serotypes 11A, 15A/F and 23F);

T156 (serotypes 9V and 14); and ST230 [serotypes 14, 19F, 19A

nd 24(A/B/F)]. 

Among the 141 studied pneumococcal isolates, 90 (63.8%) were

on-susceptible to penicillin. These results are similar to those in

unisia where a study of susceptibility to β-lactams has shown

hat 75.3% of strains are non-susceptible to penicillin G [29] . This

esistance level is much lower in S. pneumoniae strains isolated in

rance (25.7% for penicillin G) [30] and Iran (22% for penicillin G)

29] . In Brazil, 14% of pneumococci express non-susceptibility to

enicillin G [31] . 

For erythromycin, the non-susceptible frequency in the current

tudy was 69.5% (98/141). These results are similar to those ob-

ained in Saudi Arabia where the non-susceptible rate was 72%

32] and in Korea (74.7%) [33] . In addition, erythromycin non-

usceptibility is low in Brazil (6%) [31] . However, this rate is higher

han the rate observed in Bulgaria (43.9%) [34] . 

In addition, in this study a predominance of cMLS B phenotype

as observed (75.5%; 74/98), followed by the iMLS B phenotype

13.3%; 13/98). Finally, 11 strains (11.2%) exhibited the M pheno-

ype. In parallel, these findings were also supported by an earlier

tudy in northern Lebanon showing that cMLS B (68.9%; 31/45) was

he highest prevalence resistance phenotype in macrolide-resistant

. pneumoniae , followed by M (28.9%; 13/45) and iMLS B (2.2%;

/45) [35] . Whereas another study conducted in Tunisia reported

MLS B (80.5%; 33/41) as the predominant phenotype in macrolide-

esistant S. pneumoniae , followed by M phenotype (9.8%; 4/41) [36] .

Importantly, the second most frequent ST detected in the cur-

ent study, representing 9.9% of tested isolates, was ST3772. ST3772

as associated with serotype 19A. In 2012–2016, Tunisian serotype

9A isolates were resistant to both penicillin and erythromycin,

s was reported in France and Argentina [27,37] . There are many

tudies regarding the increase of serotype 19A isolates worldwide,

ainly associated with vaccine-induced serotype replacement, an-

ibiotic pressure, introduction of new clones and/or the increase of

reviously circulating clones [38] . 

Finally, dissemination of antimicrobial-resistant clones is recog-

ised as an important factor in the emergence and prevalence of

neumococcal resistance. The evolution of antibiotic resistance has

een greatly influenced by changes in serotype (e.g. 19A) distribu-

ion under vaccine pressure. 

unding 

This study was funded by the IHU Méditerranée Infection Foun-

ation and the French National Research Agency (ANR) under the

rogram ‘Investissements d’avenir’ [reference ANR-10-IAHU-03 ]. 

ompeting interests 

None declared. 

https://doi.org/10.13039/100007356
http://dx.doi.org/10.13039/501100001665


B. Midouni, E. Mehiri and A. Ghariani et al. / International Journal of Antimicrobial Agents 53 (2019) 63–69 69 

E

R

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

[  

 

 

 

 

 

 

[  

 

[  

 

 

 

[  

 

[  

 

 

[  

 

 

 

 

 

 

[  

 

[  

 

 

[  

 

 

 

 

 

 

 

[  

 

 

[  

 

 

[  

 

 

 

[  

 

[  

 

 

 

 

 

[  

 

thical approval 

Not required. 

eferences 

[1] Pancotto L , De Angelis G , Bizzarri E , Barocchi MA , Del Giudice G , Moschioni M ,
et al. Expression of the Streptococcus pneumoniae pilus-1 undergoes on and off

switching during colonization in mice. Sci Rep 2013;3:2040 . 

[2] Cohen JM , Chimalapati S , de Vogel C , van Belkum A , Baxendale HE , Brown JS .
Contributions of capsule, lipoproteins and duration of colonisation towards the

protective immunity of prior Streptococcus pneumoniae nasopharyngeal coloni-
sation. Vaccine 2012;30:4453–9 . 

[3] Kurbatova EA , Vorobiov DS , Semenova IB , Sukhova EV , Yashunsky DV ,
Tsvetkov YE , et al. Development of approaches to creation of experimental test

system for evaluation of antigenic activity of synthetic oligosaccharide ligands

related to fragments of the Streptococcus pneumoniae type 14 capsular polysac-
charide. Biochemistry (Mosc) 2013;78:818–22 . 

[4] Chardon H . L’antibiogramme du pneumocoque [The antibiogram of the pneu-
mococcus]. Revue Francophone des Laboratoires 20 08;20 08:45–59 . 

[5] Reinert P . Vaccin-anti pneumococcique: présent et futur [Pneumococcal vac-
cine: present and future]. Med Mal Infect 1994;24(Suppl 5):1010–13 . 

[6] Ashu EE , Jarju S , Dione M , Mackenzie G , Ikumapayi UN , Manjang A , et al. Pop-

ulation structure, epidemiology and antibiotic resistance patterns of Strepto-
coccus pneumoniae serotype 5: prior to PCV-13 vaccine introduction in Eastern

Gambia. BMC Infect Dis 2016;16:33 . 
[7] Pai R , Gertz RE , Beall B . Sequential multiplex PCR approach for determin-

ing capsular serotypes of Streptococcus pneumoniae isolates. J Clin Microbiol
2006;44:124–31 . 

[8] Selva L , del Amo E , Brotons P , Muñoz-Almagro C . Rapid and easy identification

of capsular serotypes of Streptococcus pneumoniae by use of fragment analy-
sis by automated fluorescence-based capillary electrophoresis. J Clin Microbiol

2012;50:3451–7 . 
[9] Adamiak P , Vanderkooi OG , Kellner JD , Schryvers AB , Bettinger JA , Alcantara J .

Effectiveness of the standard and an alternative set of Streptococcus pneumo-
niae multi locus sequence typing primers. BMC Microbiol 2014;14:143 . 

[10] Francisco AP , Vaz C , Monteiro PT , Melo-Cristino J , Ramirez M , Carriço JA .

PHYLOViZ: phylogenetic inference and data visualization for sequence based
typing methods. BMC Bioinformatics 2012;13:87 . 

[11] Charfi F , Smaoui H , Kechrid A . Non-susceptibility trends and serotype cover-
age by conjugate pneumococcal vaccines in a Tunisian paediatric population:

a 10-year study. Vaccine 2012;30(Suppl 6):G18–24 . 
[12] Raddaoui A , Simões AS , Baaboura R , Félix S , Achour W , Ben Othman T ,

et al. Serotype distribution, antibiotic resistance and clonality of Streptococcus
pneumoniae isolated from immunocompromised patients in Tunisia. PLoS One

2015;10:e0140390 . 

[13] Kempf M , Varon E , Lepoutre A , Gravet A , Baraduc R , Brun M , et al. Decline in
antibiotic resistance and changes in the serotype distribution of Streptococcus

pneumoniae isolates from children with acute otitis media; a 2001–2011 survey
by the French Pneumococcal Network. Clin Microbiol Infect 2015;21:35–42 . 

[14] Lepoutre A , Varon E , Georges S , Dorléans F , Janoir C , Gutmann L , et al. Impact
of the pneumococcal conjugate vaccines on invasive pneumococcal disease in

France, 2001–2012. Vaccine 2015;33:359–66 . 

[15] Marzouk M , Ferjani A , Amamou S , Alibi S , Ali MH , Boukadida J . Phenotype,
genotype, and serotype distribution of macrolide resistant invasive and non-in-

vasive Streptococcus pneumoniae strains, in Sousse. Tunisia. Med Mal Infect
2014;44:478–82 . 

[16] Ktari S , Jmal I , Mroua M , Maalej S , Ben Ayed NE , Mnif B , et al. Serotype distri-
bution and antibiotic susceptibility of Streptococcus pneumoniae strains in the

south of Tunisia: a five-year study (2012–2016) of pediatric and adult popula-

tions. Int J Infect Dis 2017;65:110–15 . 
[17] Marzouk M , Ferjani A , Bouafia N , Harb H , Ben Salem Y , Boukadida J . Serotype

distribution and antimicrobial resistance of invasive and noninvasive pneumo-
coccal isolates in Tunisia. Microb Drug Resist 2015;21:85–9 . 

[18] Diawara I , Zerouali K , Katfy K , Barguigua A , Belabbes H , Timinouni M ,
et al. Phenotypic and genotypic characterization of Streptococcus pneumoniae

resistant to macrolide in Casablanca. Morocco. Infect Genet Evol 2016;40(Suppl

C):200–4 . 
[19] Lyu S , Yao KH , Dong F , Xu BP , Liu G , Wang Q , et al. Vaccine Serotypes of Strep-

tococcus pneumoniae with high-level antibiotic resistance isolated more fre-
quently seven years after the licensure of PCV7 in Beijing. Pediatr Infect Dis

J 2016;35:316–21 . 
20] Johnson HL , Deloria-Knoll M , Levine OS , Stoszek SK , Freimanis Hance L , Rei-

thinger R , et al. Systematic evaluation of serotypes causing invasive pneumo-

coccal disease among children under five: the pneumococcal global serotype
project. PLoS Med 2010;7 pii: e10 0 0348 . 
[21] Horácio AN , Silva-Costa C . Diamantino-Miranda J, Lopes JP, Ramirez M,
Melo-Cristino J; Portuguese Group for the Study of Streptococcal Infections.

Population structure of Streptococcus pneumoniae causing invasive disease in
adults in Portugal before PCV13 availability for adults: 2008–2011. PLoS One

2016;11:e0153602 . 
22] Korona-Glowniak I , Maj M , Siwiec R , Niedzielski A , Malm A . Molecular epi-

demiology of Streptococcus pneumoniae isolates from children with recurrent
upper respiratory tract infections. PLoS One 2016;11:e0158909 . 

23] Mayanskiy N , Savinova T , Alyabieva N , Ponomarenko O , Brzhozovskaya E ,

Lazareva A , et al. Antimicrobial resistance, penicillin-binding protein se-
quences, and pilus islet carriage in relation to clonal evolution of Strep-

tococcus pneumoniae serotype 19A in Russia, 2002–2013. Epidemiol Infect
2017;145:1708–19 . 

24] Kashiwaya K , Saga T , Ishii Y , Sakata R , Iwata M , Yoshizawa S , et al. Worldwide
lineages of clinical pneumococci in a Japanese teaching hospital identified by

DiversiLab system. J Infect Chemother 2016;22:407–13 . 

25] Costa NS , Pinto TC , Merquior VL , Castro LF , da Rocha FS , Morais JM , et al. MLVA
typing of Streptococcus pneumoniae isolates with emphasis on serotypes 14, 9N

and 9V: comparison of previously described panels and proposal of a novel 7
VNTR loci-based simplified scheme. PLoS One 2016;11:e0158651 . 

26] Camilli R , D’Ambrosio F , Del Grosso M , Pimentel de Araujo F , Caporali MG , Del
Manso M Pneumococcal Surveillance Group. Impact of pneumococcal conjugate

vaccine (PCV7 and PCV13) on pneumococcal invasive diseases in Italian chil-

dren and insight into evolution of pneumococcal population structure. Vaccine
2017;35:4587–93 . 

[27] Janoir C , Lepoutre A , Gutmann L , Varon E . Insight into resistance phenotypes
of emergent non 13-valent pneumococcal conjugate vaccine type pneumococci

isolated from invasive disease after 13-valent pneumococcal conjugate vaccine
implementation in France. Open Forum Infect Dis 2016;3 ofw020 . 

28] Enright MC , Spratt BG . A multilocus sequence typing scheme for> Streptococcus

pneumoniae : identification of clones associated with serious invasive disease.
Microbiology 1998;144:3049–60 . 

29] Rafiei Tabatabaei S , Rahbar M , Nazari A , Fallah F , Hashemi A , Yousefi M ,
et al. Detection of pbp2b gene and antimicrobial susceptibility pattern of Strep-

tococcus pneumoniae isolates in Tehran hospitals. Iran. Arch Pediatr Infect Dis
2017;5:e38891 . 

30] Brieu N , Varon E , Baraduc R , Brun M , Chardon H , Cremniter J , et al. Observa-

toires régionaux du pneumocoque: évolution de la résistance aux antibiotiques
et des sérotypes de Streptococcus pneumoniae isolés en France entre 2009 et

2013 [Regional pneumococcal observations: evolution of antibiotic resistance
and serotypes of Streptococcus pneumoniae isolated in France between 2009

and 2013]. Journal des Anti-infectieux 2015;17:145–50 . 
[31] Cardoso NT , Santos BA , Barbosa AV , Superti SV , Teixeira LM , Neves FP .

Serotypes, antimicrobial resistance and genotypes of Streptococcus pneumoniae

associated with infections in cancer patients in Brazil. Diagn Microbiol Infect
Dis 2017;87:281–5 . 

32] Krishnappa LG , Marie MA , John J , Dabwan KH , Shashidhar PC . Serological and
molecular capsular typing, antibiotic susceptibility of Streptococcus pneumoniae

isolates from invasive and non-invasive infections. Acta Microbiol Immunol
Hung 2014;61:173–9 . 

33] Kim SH , Bae IK , Park D , Lee K , Kim NY , Song SA , et al. Serotype distribution and
antimicrobial resistance of Streptococcus pneumoniae isolates causing invasive

and noninvasive pneumococcal diseases in Korea from 2008 to 2014. Biomed

Res Int 2016;2016:6950482 . 
34] Setchanova L , Murdjeva M , Stancheva I , Alexandrova A , Sredkova M , Stoeva T ,

et al. Serotype changes and antimicrobial nonsusceptibility rates of invasive
and non-invasive Streptococcus pneumoniae isolates after implementation of

10-valent pneumococcal nontypeable Haemophilus influenzae protein D conju-
gate vaccine (PHiD-CV) in Bulgaria. Braz J Infect Dis 2017;21:433–40 . 

35] El Ashkar S , Osman M , Rafei R , Mallat H , Achkar M , Dabboussi F , et al. Molecu-

lar detection of genes responsible for macrolide resistance among Streptococcus
pneumoniae isolated in North Lebanon. J Infect Public Health 2017;10:745–8 . 

36] Raddaoui A, Tanfous FB, Chebbi Y, Achour W, Baaboura R, Benhassen A. High
prevalence of multidrug resistant international clones among macrolide re-

sistant Streptococcus pneumoniae strains in immunocompromised patients in
Tunisia. Int J Antimicrob Agents 2018 Apr 23 [Epub ahead of print]. doi: 10.

1016/j.ijantimicag.2018.04.015 . 

[37] Gagetti P , Faccone D , Reijtman V , Fossati S , Rodriguez M , Veliz O , et al. Char-
acterization of Streptococcus pneumoniae invasive serotype 19A isolates from

Argentina (1993–2014). Vaccine 2017;35:4548–53 . 
38] Reinert R , Jacobs MR , Kaplan SL . Pneumococcal disease caused by serotype

19A: review of the literature and implications for future vaccine development.
Vaccine 2010;28:4249–59 . 

http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0001
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0001
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0001
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0001
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0001
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0001
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0001
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0001
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0002
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0002
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0002
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0002
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0002
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0002
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0002
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0003
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0003
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0003
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0003
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0003
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0003
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0003
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0003
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0004
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0004
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0005
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0005
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0006
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0006
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0006
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0006
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0006
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0006
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0006
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0006
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0007
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0007
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0007
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0007
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0008
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0008
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0008
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0008
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0008
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0009
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0009
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0009
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0009
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0009
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0009
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0009
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0010
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0010
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0010
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0010
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0010
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0010
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0010
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0011
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0011
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0011
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0011
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0012
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0012
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0012
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0012
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0012
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0012
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0012
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0012
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0013
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0013
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0013
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0013
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0013
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0013
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0013
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0013
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0014
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0014
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0014
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0014
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0014
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0014
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0014
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0014
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0015
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0015
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0015
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0015
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0015
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0015
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0015
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0016
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0016
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0016
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0016
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0016
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0016
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0016
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0016
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0017
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0017
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0017
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0017
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0017
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0017
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0017
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0018
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0018
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0018
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0018
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0018
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0018
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0018
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0018
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0019
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0019
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0019
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0019
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0019
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0019
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0019
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0019
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0020
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0020
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0020
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0020
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0020
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0020
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0020
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0020
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0021
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0021
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0021
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0022
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0022
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0022
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0022
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0022
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0022
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0023
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0023
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0023
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0023
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0023
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0023
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0023
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0023
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0024
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0024
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0024
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0024
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0024
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0024
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0024
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0024
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0025
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0025
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0025
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0025
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0025
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0025
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0025
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0025
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0026
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0026
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0026
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0026
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0026
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0026
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0026
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0027
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0027
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0027
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0027
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0027
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0028
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0028
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0028
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0029
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0029
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0029
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0029
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0029
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0029
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0029
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0029
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0030
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0030
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0030
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0030
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0030
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0030
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0030
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0030
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0031
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0031
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0031
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0031
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0031
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0031
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0031
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0032
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0032
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0032
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0032
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0032
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0032
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0033
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0033
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0033
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0033
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0033
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0033
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0033
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0033
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0034
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0034
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0034
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0034
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0034
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0034
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0034
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0034
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0035
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0035
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0035
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0035
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0035
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0035
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0035
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0035
https://doi.org/10.1016/j.ijantimicag.2018.04.015
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0037
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0037
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0037
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0037
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0037
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0037
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0037
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0037
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0038
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0038
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0038
http://refhub.elsevier.com/S0924-8579(18)30282-6/sbref0038

	Genetic diversity of Streptococcus pneumoniae in Tunisia
	1 Introduction
	2 Materials and methods
	2.1 Pneumococcal isolates
	2.2 DNA extraction
	2.3 Serotyping
	2.4 Multilocus sequence typing (MLST)
	2.5 Antimicrobial susceptibility testing

	3 Results
	3.1 Bacterial isolates
	3.2 Serotype distribution
	3.3 Multilocus sequence typing
	3.4 Antimicrobial resistance

	4 Discussion
	Funding
	Competing interests
	Ethical approval
	References


