
Methods (cont.) 
S. pneumoniae still is a major cause of upper respiratory tract infections and invasive 
infections. For decades, Penicillin G has been considered as the drug of choice. However, 
the incidence of isolates with reduced susceptibility to penicillin and other antimicrobials 
increased steadily world-wide. In Belgium, Penicillin insusceptibility peaked in 2001 and 
decreased steadily until 2011 when a new increase in insusceptibility was noted. Data 
have been collected since 1995 and here we present the data of the 15th survey conducted 
in winter 2012-2013. 

Introduction and Purpose 
ANTIMICROBIAL AGENTS: The following antimicrobial agents were tested: 
Penicillin (PEN), Ampicillin (AMP), Amoxicillin ± clavulanate (AMX/C), Cefaclor 
(CFC), Cefuroxime (CRX), Cefotaxime (CTX), Ceftazidime (CTZ), Cefepime 
(CPM), Imipenem (IMI), Ciprofloxacin (CIP), Levofloxacin (LEF), Moxifloxacin 
(MOX), Ofloxacin (OFL), Erythromycin (ERY), Azithromycin (AZI), Telithromycin 
(TEL), Clindamycin (CLI) and Tetracycline (TET). 
RESISTANCE RATES: Resistance rates were determined by using the EUCAST  
breakpoints (see Table 1) (I=Intermediate; R=high level) (www.eucast.org). 
CAPSULAR TYPING : Pen-insusceptible isolates were typed by the National 
reference centre (J. Verhaegen, UZ-Leuven) by using the quellung reaction with 
sera from the Staten Seruminstitute (Copenhaegen). 
STATISTICAL ANAYLISIS:  Chi², Mann-Whitney & Student’s t-test 
Level of significance (P-values) : * P<0.05; ** P<0.02; *** P<0.01; **** P<0.001 

AGE:  
  Distribution. 0 - ≤ 5y = 12.5 %, 6 - 15y = 1.6 %, 16-59y = 30.6 %, ≥ 60y = 55.3 %.  
   Mean age. National = 54.8 y. Flanders (FLA):61.1y, Wallonia (WAL) 52.4y; Brussels 

(BRS) 37.4y. Significant difference  for the various regions*. 
  Geographic difference % children: BRS = 40.0%, WAL = 16.6%, FLA = 6.2%.** 

SPECIMENS : sputum 82.1 %, nasal swab 13.8 %, throat 2.7 %, sinus 1.1 %, respiratory 
pus 0.3 %.  

TYPE OF ISOLATE/GENDER/ORIGIN : Hospitalized (HOS) 65.2%, Ambulatory 
(AMB) 34.8%, Male 65.6%. WAL 53,9%, FLA 39.3%, BRS 6,8 %. 

OVERALL SUSCEPTIBILITY (MICs) (Table 1):   
   Highest potency (lowest MIC50): IMI (0,008), followed by AMX/C, TEL (0,015).  

RESISTANCE (Tables  1-4 and  Fig. 1) : 
 Insusceptibility to Beta-lactams 

 PEN: significant increase 2010-2012: 9.2% (R=0,5%) to 17.9% (R=2,2%)****  
 53.0% of PEN-IR strains are PCV13 vaccine strains (Fig.3).  
 PEN-IR(PCV13): Child/Adult 8.6%/91.4%; FLA/WAL 40.8%/45.7%.  
 gmmMIC 1.61 µg/ml versus 0.51 µg/ml  for other PEN-IR strains**** 
  Decrease PEN-IR in function of treatment regimens following EUCAST 

Results 

        MIC Distribution (µg/ml) 

Antibiotic  ≤0.001  0.002  0.004  0.008  0.015  0.03  0.06  0.12  0.25  0.5  1  2  4  8  16  32  ≥64 

Penicillin  -  -  -  24    133  92•  54  5    11  4  19•  19  8  -  -  -  - 

Ampicillin  -  -  -  19  95  126•  41   24    11  8  9•  27  6  3  -  -  - 

Amoxicillin  -  -  8  57   147•  66  30   8   8  11•  21  9  4  -  -  -  - 

Amoxicillin/Clav  -  -  8  50   145•  75  30   8   8  11•  21  9  4  -  -  -  - 

Cefaclor  -  -  -  -   -   1  4  21  116   133•    36    4  3  2  3  7•  39 

Cefuroxime  -  -  -  -    25    72  133•  28    44    13  4   4  7•  32  7  -  - 

Cefuroxime-axetil  -  -  -  -    25    72  133•  28    44    13  4   4  7•  32  7  -  - 

Cefotaxime  -  -  3    29  114   101•  45  17    16  30•  10   4  -  -  -  -  - 

Ceftazidime  -  -  -     8  55   137•  70  30    10    15   30•    10  4  -  -  -  - 

Cefepime  -  -   1    20  91   126•  49  21    8  19•  21    13  -  -  -  -  - 

Imipenem  4  17   148     97•  28  21  7    16•    22   4  5  -  -  -  -  -  - 

Ciprofloxacin  -  -  -  -  -  -  -  -    11   46  143•   136•  27  4  1  1  - 

Levofloxacin  -  -  -  -  -    -  -   5    10      129   182•   38•  3  1   1  -  - 

Moxifloxacin  -  -  -   -   5    35    199•   111•    16   -  -    3  -  -  -  -  - 

Ofloxacin  -  -  -  -  -  -  -  -    1   17    117    179•  31•  22  1  1  - 

Erythromycin  -  -  -   8  36  112    63•    12    2   7  5  5  5  2  11  6    95•	



Azithromycin  -  -  -  4  11  53    116•    41    8   4  6   7  4  2  11  6    96• 

Telithromycin  2   10    25    140  81•  41   38•  15    11   4  2  -  -  -  -  -  - 

Clindamycin  -  -  -  7  27  96  114•  17    7 	

 9  2  3  3  7  10  10     57•  

Tetracycline  -  -  -  -  -    1  9   80      110•   41  10  29  21  16  12   8•    32 

Table 1 :  susceptibility (Intermediate and Resistant isolates following EUCAST; MIC50 •, MIC90 •) of 369 S. pneumoniae isolates. 
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Table 4: Resistance rates of Penicillin (1995-2013) depending on the category of infection  

Doses Breakpoint % of non-susceptibility to Penicillin 
S NS 1995 1997 1999 2001 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 

   Infections other than meningitis 
 ≤0.06 ≥0.12 12.1 12.2 14.8 19.8 15.1 14.6 15.2 12.8 12.1 11.6 10.2 9.2 10.1 14.5 17.9 
                  
   Pneumonia 

1.2g x 4 ≤ 0.5 ≥ 1 7.9 8.5 14.8 13.8 10.7 10.1 11.2 7.4 8.0 6.9 6.3 6.5 7.6 9.7 12.5 
1.2g x 6 or 2.4g x 4 ≤ 1 ≥ 2 5.7 6.7 9.7 9.7 8.4 6.4 4.9 2.8 2.7 4.0 1.9 1.9 3.5 6.0 7.3 

2.4g x 6 ≤ 2 ≥ 4 0.8 1.2 2.6 3.2 4.9 1.4 0.9 0.5 0 0 0.5 0.5 0.3 0.8 2.2 
	
  

Table 2: Non-susceptibility rates (I+R) obtained in the various surveys for some indicator antimicrobials  

 1995 1997 1999 2001 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 
1PEN 12.1 12.2 14.8 19.8 15.1 14.6 15.2 12.8 12.1 11.6 10.2 9.2 10.1 14.5 17.9 
AMP 7.1 9.1 11.6 13.0 10.7 11.3 11.4 8.4 9.2 7.1 8.2 6.2 8.4 11.1 12.2 
AMX 6.4 8.5 12.3 10.9 8.4 8.0 9.8 6.5 6.5 5.6 4.6 3.5 4.6 7.1 9.2 
CRX 7.9 9.8 14.8 17.0 13.6 12.7 11.9 10.7 9.4 9.2 9.7 7.8 8.7 12.5 14.6 

 2CRX-ax 8.6 9.8 14.8 19.0 17.4 12.7 15.2 12.3 13.6 13.2 20.8 15.4 15.4 17.7 18.2 
LEV 0 1.2 1.8 2.4 3.3 2.8 0.7 0.5 1.0 0.7 0.7 0.8 1.1 3.1 1.4 

MOX 0 0 0.9 0.9 0.5 0.2 0.2 0.2 0.7 0.4 0.2 0.3 0.5 0.3 0.8 
ERY 20.0 29.3 32.9 28.3 26.1 24.8 30.0 37.7 31.7 29.7 40.9 32.7 32.9 31.6 36.9 
TEL 3NT NT NT NT 4.1 2.6 1.8 0.9 1.9 0.7 2.4 1.1 1.1 1.1 1.6 
TET 27.1 30.5 25.8 43.7 41.4 26.9 29.5 31.2 28.3 25.9 32.4 30.3 33.2 29.3 32.0 

    1Abbreviations: see Material & Methods; 2CRX-ax: CRX-axetil, oral form of cefuroxime; 3NT = Not tested 
	
  

 Fig 1 : Significant increase in non-susceptibility (red line) to PEN 
and AMX since 2010 

Session 86a: Streptocoques, Entérocoques et autres Gram positif 

 AMX/C & AMP: significant increase 2010-2013: resp 3.5%/9.2% & 6.2%/
12.2%*** 
  CRX: significant increase 2010-2013: 7.8%/14.6%***. CRX-ax-IR= 18.2% 

 Lowest level of IR (%): IMI (0), MOX (0.8), LEV (1.4), TEL (1.6), . 
 Children vs Adults: no significant differences between Children and adults.  
 Geographic difference.  

  WAL vs FLA. ERY 42.2%/26.9%***; IR-isolates: 47.2%/35.2%* 
  BRS vs FLA. ERY 52.0%/26.9%**; TET: 48.0%/26.2%* 

 HOS vs AMB: no significant differences, CAP vs AECB: no significant difference 
 Phenotypes & MDR : four-, three- and twofold resistance in 0.5%, 10.6% and 22.5% of 

the isolates resp. MDR (≥ 2AB) = 33.6%. BRS 52.0%, WAL 36.7% , FLA 26.2% (BRS/
FLA*** - WAL/FLA*) 

 mef and erm genes: mefA 17.6% (ERY MIC50: 1); mefA+ermB 3.7% (ERY MIC50: 
≥64); ermB 78.7% (ERY MIC50: ≥ 64). 

CAPSULAR TYPES: Capsular types of PEN I/R isolates are summarised in Fig.2 

Table 3 : 2010-2013 Resistance rates and MIC90. Significant increase (red) in beta-lactam resistance. 

Compound Resistance Rates  MIC90 values 
2010 2011 2012 2013  2010 2011 2012 2013 

PEN 9.2 10.1 14.5 17.9  0.06 0.06 0.5 1 
AMP 6.2 8.4 11.1 12.2  0.06 0.25 1 1 
AMX 3.5 4.6 7.1 9.2  0.06 0.06 0.5 0.5 
CRX 7.8 8.7 12.5 14.6  0.5 0.5 2 4 

	
  

ISOLATES: A total of 369 consecutive, unduplicated isolates of S. pneumoniae 
were collected by the 15 participating laboratories during winter 2012-2013. 
SUSCEPTIBILITY TESTING: Susceptibility to the various antibiotics was 
determined by using a micro-dilution technique. S. pneumoniae ATCC 49619 and 
Staphylococcus aureus NCTC 115611 were used for quality control. 

 Fig 2 : Capsular types in PEN-IR isolates. Isolates comprised in the 
PCV13 vaccine are in red 

Methods 

Conclusions 
  Increasing trend in PEN-IR since 2011 warrants special attention 
  53% of PEN-IR isolates are comprised in the PCV13 Vaccine 
  CRXax-IR is high: its clinical use needs to be reconsidered.  
  Some regional differences  in IR-rates were found  
  MOX, LEV, TEL: very low degree of  non-susceptibility 

Table 2 Overview of the various FQ-R genotypes encountered in 422 clinical pneumococcal strains.   
Signature residues of the viridans group of streptococci are shaded in grey. 
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BACKGROUND 
•  In the late 90s, respiratory fluoroquinolones were introduced in the treatment of 

(a)typical pneumonia. However, there was concern that short-term treatment success 
might be followed by emerging fluoroquinolone resistant (FQ-R) Streptococcus 
pneumoniae strains by accumulation of chromosomal mutations.  

•  In recent years, the role of efflux in low-level FQ-R has become more and more 
appreciated. Apart from a moderate increase in MIC, increased efflux is associated 
with rising mutational frequencies in the QRDRs [1]. Most clinical relevance is 
attributed to the reserpine-sensitive heterogenic ABC efflux pump PatAB [2]. 

Although most S. pneumoniae surveillance studies focus on bacteremia, recent work 
estimated that for every adult bacteremia case there are three non-invasive infections [3]. 
Here, we present data on FQ-R in 5,602 non-invasive pneumococci, collected during 
winter seasons between 1995 and 2014 across 15 Belgian clinical laboratories. 
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   430	
   1.8	
   4.7	
   17	
   41.4	
   30.9	
   -­‐	
   0.2	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   0.0	
  
2007	
   413	
   0.7	
   2.9	
   11.1	
   43.1	
   30	
   11.4	
   -­‐	
   0.5	
   0.2	
   -­‐	
   -­‐	
   -­‐	
   0.7	
  
2008	
   448	
   0.2	
   0.9	
   7.4	
   38.6	
   46.4	
   6.9	
   -­‐	
   -­‐	
   0.2	
   -­‐	
   0.2	
   -­‐	
   0.4	
  
2009	
   413	
   0.2	
   5.3	
   11.1	
   51.3	
   25.2	
   6.3	
   0.2	
   0.2	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   0.2	
  
2010	
   370	
   -­‐	
   5.4	
   11.6	
   49.5	
   26.8	
   5.7	
   0.8	
   -­‐	
   -­‐	
   0.3	
   -­‐	
   -­‐	
   0.3	
  
2011	
   368	
   0.3	
   3.3	
   12.8	
   48.9	
   27.2	
   6.5	
   0.5	
   0.5	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   0.5	
  
2012	
   351	
   -­‐	
   2.3	
   5.4	
   48.1	
   36.5	
   6.6	
   0.9	
   0.3	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   0.3	
  
2013	
   369	
   -­‐	
   1.4	
   9.5	
   53.9	
   30.1	
   4.3	
   -­‐	
   -­‐	
   0.8	
   -­‐	
   -­‐	
   -­‐	
   0.8	
  
2014	
   312	
   -­‐	
   0.3	
   8.3	
   52.6	
   34.3	
   4.2	
   -­‐	
   -­‐	
   0.3	
   -­‐	
   -­‐	
   -­‐	
   0.3	
  

All isolates were assessed on FQ-R using broth microdilution (Table 1) 

•  High-level CIP resistance significantly increased to 9.0% in 2013 (P = 0.00025, χ² trend 
analysis incl. Bonferroni’s correction).  

•  Levofloxacin MIC50 increased significantly from 0.5 to 1 µg/mL since 2012 (P < 10-6).  

•  Moxifloxacin is the compound with the highest intrinsic activity;  Resistance arises only 
sporadically, and remained <1% throughout the entire study period.  

MAIN OBSERVATIONS: 

 (i) Rising resistance to older fluoroquinolones  since 2011 

	
  

MICCIP+R	
  
(µg/ml)	
  

MICMOX+R	
  
(µg/ml)	
  

No.	
  
isolates	
  

GyrA	
   GyrB	
   ParC	
   ParE	
  
S81	
   E85	
   S114	
   P454	
   S52	
   N91	
   D78	
   S79	
   D83	
   D435	
  

<	
  1	
  
(n=311)	
  

0.064-­‐
0.19	
  

289	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
  
10	
   -­‐	
   -­‐	
   G	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
  
6	
   -­‐	
   -­‐	
   G	
   -­‐	
   G	
   D	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
  
2	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   D	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
  
2	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   G	
   D	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
  
1	
   -­‐	
   -­‐	
   G	
   -­‐	
   G	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
  
1	
   F	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
  

≤	
  2	
  
(n	
  =	
  80)	
  

0.125-­‐
0.25*	
  

47	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
  
12	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   F	
   -­‐	
   -­‐	
  
1	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   N	
   -­‐	
   -­‐	
   -­‐	
  
1	
   F	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
  
1	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   D	
   -­‐	
   F	
   -­‐	
   -­‐	
  
2	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   N/Y	
   -­‐	
  
1	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   F	
   -­‐	
   K	
  
1	
   -­‐	
   -­‐	
   G	
   -­‐	
   G	
   D	
   -­‐	
   F	
   -­‐	
   -­‐	
  
5	
   -­‐	
   -­‐	
   G	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
  
5	
   -­‐	
   -­‐	
   G	
   -­‐	
   G	
   D	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
  
4	
   -­‐	
   -­‐	
   G	
   -­‐	
   -­‐	
   D	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
  

2-­‐4	
  
(n	
  =	
  12)	
  

0.19-­‐1	
   3	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
  
4	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   Y/F	
   -­‐	
   -­‐	
  
1	
   F	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   N	
  
1	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   D	
   -­‐	
   F	
   -­‐	
   -­‐	
  
1	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   G	
   -­‐	
  
1	
   -­‐	
   -­‐	
   G	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
  
1	
   -­‐	
   -­‐	
   G	
   -­‐	
   G	
   D	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
  

>	
  4	
  
(n	
  =	
  29)	
  
	
  

1-­‐32	
   1	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
  
3	
   F	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
  
1	
   F	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   N	
  
12	
   F	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   F/Y	
   -­‐	
   -­‐	
  
2	
   F	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   G/Y	
   -­‐	
  
2	
   -­‐	
   -­‐	
   G	
   -­‐	
   -­‐	
   D	
   -­‐	
   F	
   -­‐	
   -­‐	
  
1	
   Y	
   -­‐	
   G	
   -­‐	
   -­‐	
   D	
   -­‐	
   Y	
   -­‐	
   -­‐	
  
1	
   G	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
  
2	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   N	
   -­‐	
  
2	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   F/Y	
   -­‐	
   -­‐	
  
1	
   -­‐	
   K	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   Y	
   -­‐	
   -­‐	
  
1	
   L	
   -­‐	
   G	
   S	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
  

Table 2. Overview of the various FQ-R genotypes encountered in 422 clinical 
pneumococcal strains.  Signature residues of the viridans group of streptococci 
are shaded in grey.  

Table 1. Yearly percentage of isolates displaying indicated MIC (µg/mL) against three fluoroquinolones. The MIC50 values are 
coloured orange. 

 (ii) Efflux is pivotal in low-level ciprofloxacin resistance 
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Figure 1. MIC distribution of ciprofloxacin and moxifloxacin, based on E-test of 422 non-invasive S. pneumoniae 
isolates. Left-hand panels: MIC distributions determined in the absence (control; black) or presence (green) of 20 mg/L 
reserpine. Right-hand panels: reduction of MIC (in blocks of 0.5 log2 dilutions from 0 to 3 log2 dilutions) after addition of 
20 mg/L reserpine and plotted as a function of the MIC distribution of the isolates in the absence of reserpine. 

 (iii) Topoisomerase mutations explain a lot in high-level 
resistance, but not all  

TAKE-HOME MESSAGES: 

•  For 229 out of 422 
isolates (54.2%), at least 
a twofold decrease in 
MICCIP was achieved 
upon addition of 20mg/L 
o f t he e f f l ux pump 
inhibitor reserpine 

 

•  Moxifloxacin is much less 
sensitive to reserpine  
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ABC pump PatAB was 
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with co-habiting commensal 
streptococci on FQ-R (10.4%) 

•  A rare combination of DNA 
Gyrase mutations (GyrA_S81L/ 
GyrB_P454S) suffices for high-
level moxifloxacin resistance, 
which contrasts the current 
model. 

 

•  We encountered a number of 
isolates displaying high-level 
ciprofloxacin resistance, but are 
deprived of any known molecular 
resistance mechanism.  

•  From 2011 onwards, we observe a trend towards increased resistance to ciprofloxacin and 
(although only visible at the MIC50 level) levofloxacin. Although a similar increase in 
ciprofloxacin resistance was reported in Canada, this is not confirmed in other European, 
American or Asian surveillance studies. 

 

•  The preference of first-step mutations in ParC is reflected by the 4:1 ratio of single QRDR 
mutations in the Topoisomerase IV subunits compared to the DNA Gyrase.  

•  While target topoisomerase mutations and efflux pump (over)expression clearly contribute to 
FQ-R, we add novel isolates to the existing collection of strains deprived of known 
molecular mechanisms of fluoroquinolone resistance. It would of great value unravel their 
resistance mechanisms through profound, comparative molecular characterization at the 
genomic, transcriptomic and proteomic level. 
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BACKGROUND

• �In the late 90s, respiratory fluoroquinolones were introduced in the treatment of (a)typical pneumonia. However, there was concern that short-
term treatment success might be followed by emerging fluoroquinolone resistant (FQ-R) Streptococcus pneumoniae strains by accumulation 
of chromosomal mutations. 

• �In recent years, the role of efflux in low-level FQ-R has become more and more appreciated. Apart from a moderate increase in MIC, increased 
efflux is associated with rising mutational frequencies in the QRDRs [1]. Most clinical relevance is attributed to the reserpine-sensitive heterogenic 
ABC efflux pump PatAB [2].

Although most S. pneumoniae surveillance studies focus on bacteremia, recent work estimated that for every adult bacteremia case there are three 
non-invasive infections [3]. Here, we present data on FQ-R in 5,602 non-invasive pneumococci, collected during winter seasons between 1995 
and 2014 across 15 Belgian clinical laboratories.

(ii) Efflux is pivotal in low-level ciprofloxacin resistance
• �For 229 out of 422 isolates (54.2%), at least a twofold decrease in MICCIP was achieved upon addition of 20mg/L of the efflux pump inhibitor reserpine.

• �Moxifloxacin is much less sensitive to reserpine.

• �Overexpression of the ABC pump PatAB was found in 48% of reserpine-sensitive strains, but could only be linked to disruptive terminator 
mutations in a fraction of these (data not shown). 

(iii) Topoisomerase mutations explain a lot in high-level resistance, but not all 
• �Classical topoisomerase mutations in gyrA (n=25), parC (n=46) and parE (n=3) were found in varying combinations, arguing against clonal 

expansion of FQ-R.

• �Marginal impact of recombination with co-habiting commensal streptococci on FQ-R (10.4%)

• �A rare combination of DNA Gyrase mutations (GyrA_S81L/ GyrB_P454S) suffices for high-level moxifloxacin resistance, which contrasts the 
current model.

• �We encountered a number of isolates displaying high-level ciprofloxacin resistance, but are deprived of any known molecular resistance 
mechanism. 

MAIN OBSERVATIONS

(i) Rising resistance to older fluoroquinolones since 2011
All isolates were assessed on FQ-R using broth microdilution (Table 1)

• High-level CIP resistance significantly increased to 9.0% in 2013 (P = 0.00025, X² trend analysis incl. Bonferroni’s correction). 

• Levofloxacin MIC50 increased significantly from 0.5 to 1 µg/mL since 2012 (P < 10-6). 

• �Moxifloxacin is the compound with the highest intrinsic activity; Resistance arises only sporadically, and remained <1% throughout the entire 
study period. 

TAKE-HOME MESSAGES

• �From 2011 onwards, we observe a trend towards increased resistance to ciprofloxacin and (although only visible at the MIC50 level) 
levofloxacin. Although a similar increase in ciprofloxacin resistance was reported in Canada, this is not confirmed in other European, American 
or Asian surveillance studies.

• �The preference of first-step mutations in ParC is reflected by the 4:1 ratio of single QRDR mutations in the Topoisomerase IV subunits 
compared to the DNA Gyrase. 

• �While target topoisomerase mutations and efflux pump (over)expression clearly contribute to FQ-R, we add novel isolates to the existing  
collection of strains deprived of known molecular mechanisms of fluoroquinolone resistance. It would of great value  
unravel their resistance mechanisms through profound, comparative molecular characterization at the genomic,  
transcriptomic and proteomic level.
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Table 1 Yearly percentage of isolates displaying indicated MIC (µg/mL) against three fluoroquinolones.  
The MIC50 values are coloured orange.
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BACKGROUND 
•  In the late 90s, respiratory fluoroquinolones were introduced in the treatment of 

(a)typical pneumonia. However, there was concern that short-term treatment success 
might be followed by emerging fluoroquinolone resistant (FQ-R) Streptococcus 
pneumoniae strains by accumulation of chromosomal mutations.  

•  In recent years, the role of efflux in low-level FQ-R has become more and more 
appreciated. Apart from a moderate increase in MIC, increased efflux is associated 
with rising mutational frequencies in the QRDRs [1]. Most clinical relevance is 
attributed to the reserpine-sensitive heterogenic ABC efflux pump PatAB [2]. 

Although most S. pneumoniae surveillance studies focus on bacteremia, recent work 
estimated that for every adult bacteremia case there are three non-invasive infections [3]. 
Here, we present data on FQ-R in 5,602 non-invasive pneumococci, collected during 
winter seasons between 1995 and 2014 across 15 Belgian clinical laboratories. 

REFERENCES 

CIPROFLOXACIN	
   Sensi0ve	
  (%)	
   Intermediate	
  resistant	
  (%)	
   Resistant	
  (%)	
  
Year	
   #	
  strains	
   0.03	
   0.06	
   0.12	
   0.25	
   0.5	
   1	
   2	
   4	
   8	
   16	
   32	
   %	
  res.	
  
1995	
   143	
   -­‐	
   0.7	
   2.8	
   18.9	
   34.3	
   35.7	
   7.7	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   0.0	
  
1997	
   162	
   -­‐	
   -­‐	
   -­‐	
   6.8	
   17.9	
   61.7	
   11.7	
   2.5	
   0.6	
   -­‐	
   -­‐	
   3.1	
  
1999	
   227	
   -­‐	
   0.4	
   0.4	
   6.2	
   30.8	
   47.1	
   13.2	
   1.8	
   -­‐	
   -­‐	
   -­‐	
   1.8	
  
2001	
   334	
   -­‐	
   -­‐	
   0.9	
   12.9	
   38	
   38	
   6.6	
   3	
   0.6	
   -­‐	
   -­‐	
   3.6	
  
2003	
   391	
   -­‐	
   0.5	
   3.1	
   11.3	
   25.1	
   46.3	
   9.5	
   2.6	
   1.8	
   -­‐	
   -­‐	
   4.4	
  
2004	
   424	
   0.2	
   1.2	
   1.9	
   14.2	
   37.3	
   36.3	
   6.6	
   2.1	
   -­‐	
   0.2	
   -­‐	
   2.3	
  
2005	
   447	
   0.2	
   1.1	
   2.5	
   12.8	
   35.6	
   40.5	
   6	
   0.9	
   0.2	
   0.2	
   -­‐	
   1.3	
  
2006	
   430	
   -­‐	
   0.2	
   1.4	
   7.4	
   28.6	
   53.7	
   8.1	
   0.5	
   -­‐	
   -­‐	
   -­‐	
   0.5	
  
2007	
   413	
   -­‐	
   0.2	
   1.5	
   7.7	
   30	
   56.7	
   1.7	
   1.5	
   0.2	
   0.5	
   -­‐	
   2.2	
  
2008	
   448	
   -­‐	
   0.2	
   0.4	
   4.7	
   16.1	
   73.4	
   4.7	
   -­‐	
   -­‐	
   0.4	
   -­‐	
   0.4	
  
2009	
   413	
   -­‐	
   -­‐	
   1.9	
   6.5	
   44.1	
   44.1	
   1.9	
   1	
   0.2	
   0.2	
   -­‐	
   1.4	
  
2010	
   370	
   -­‐	
   0.8	
   2.7	
   10.8	
   26.2	
   55.1	
   1.9	
   2.2	
   -­‐	
   -­‐	
   0.3	
   2.5	
  
2011	
   368	
   -­‐	
   0.3	
   0.5	
   4.6	
   14.9	
   46.2	
   29.6	
   2.2	
   1.1	
   0.5	
   -­‐	
   3.8	
  
2012	
   351	
   -­‐	
   -­‐	
   0.3	
   1.1	
   14.2	
   46.4	
   29.9	
   7.1	
   0.6	
   0.3	
   -­‐	
   8.0	
  
2013	
   369	
   -­‐	
   -­‐	
   -­‐	
   3	
   12.5	
   38.8	
   36.9	
   7.3	
   1.1	
   0.3	
   0.3	
   9.0	
  
2014	
   312	
   -­‐	
   -­‐	
   -­‐	
   0.6	
   9.9	
   49.7	
   33	
   6.4	
   -­‐	
   0.3	
   -­‐	
   6.7	
  

LEVOFLOXACIN	
   Sensi0ve	
  (%)	
   Resistant	
  (%)	
  
Year	
   #	
  strains	
   0.03	
   0.06	
   0.12	
   0.25	
   0.5	
   1	
   2	
   4	
   8	
   16	
   %	
  res.	
  
1995	
   143	
   -­‐	
   1.4	
   2.8	
   19.6	
   40.6	
   30.1	
   5.6	
   -­‐	
   -­‐	
   -­‐	
   0.0	
  
1997	
   162	
   -­‐	
   -­‐	
   0.6	
   8	
   58.6	
   26.5	
   4.9	
   1.2	
   -­‐	
   -­‐	
   1.2	
  
1999	
   227	
   -­‐	
   0.4	
   -­‐	
   2.6	
   37.9	
   44.1	
   13.2	
   1.8	
   -­‐	
   -­‐	
   1.8	
  
2001	
   334	
   -­‐	
   -­‐	
   1.2	
   9	
   47.6	
   33.2	
   6.3	
   2.4	
   0.3	
   -­‐	
   2.7	
  
2003	
   391	
   -­‐	
   0.5	
   3.6	
   13.6	
   31.7	
   41.4	
   5.9	
   1.8	
   1.5	
   -­‐	
   3.3	
  
2004	
   424	
   0.5	
   0.7	
   3.8	
   14.2	
   42.7	
   30.2	
   5.2	
   2.6	
   -­‐	
   0.2	
   2.7	
  
2005	
   447	
   0.9	
   2	
   4.5	
   22.6	
   48.1	
   15.9	
   5.4	
   0.4	
   -­‐	
   0.2	
   0.6	
  
2006	
   430	
   0.2	
   1.2	
   2.1	
   9.3	
   28.6	
   53.7	
   8.1	
   0.5	
   -­‐	
   -­‐	
   0.5	
  
2007	
   413	
   0.2	
   0.5	
   2.2	
   13.8	
   58.1	
   23.5	
   0.7	
   0.2	
   0.7	
   -­‐	
   0.9	
  
2008	
   448	
   0.2	
   -­‐	
   1.1	
   6.9	
   60.7	
   26.1	
   4.2	
   0.2	
   -­‐	
   0.4	
   0.6	
  
2009	
   413	
   -­‐	
   1.2	
   5.3	
   30.8	
   46.2	
   15	
   0.7	
   0.2	
   0.5	
   -­‐	
   0.7	
  
2010	
   370	
   0.3	
   3.5	
   4.3	
   17	
   55.9	
   15.7	
   2.4	
   0.5	
   0.3	
   -­‐	
   0.8	
  
2011	
   368	
   0.3	
   0.5	
   3	
   10.1	
   37	
   41.3	
   6.8	
   0.5	
   0.5	
   -­‐	
   1.0	
  
2012	
   351	
   -­‐	
   -­‐	
   0.9	
   3.7	
   41.3	
   39	
   12	
   2.8	
   0.3	
   -­‐	
   3.1	
  
2013	
   369	
   -­‐	
   -­‐	
   1.4	
   2.7	
   35	
   49.3	
   10.3	
   0.8	
   0.3	
   0.3	
   1.4	
  
2014	
   312	
   -­‐	
   -­‐	
   0.6	
   2.2	
   30.8	
   59.6	
   6.1	
   0.3	
   -­‐	
   0.3	
   0.6	
  

MOXIFLOXACIN	
   Sensi0ve	
  (%)	
   Resistant	
  (%)	
  
Year	
   #	
  strains	
   0.008	
   0.015	
   0.03	
   0.06	
   0.12	
   0.25	
   0.5	
   1	
   2	
   4	
   8	
   16	
   %	
  res.	
  
1995	
   143	
   -­‐	
   9.1	
   33.6	
   38.5	
   13.3	
   0.7	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   0.0	
  
1997	
   162	
   -­‐	
   0.6	
   12.3	
   38.9	
   44.4	
   3.1	
   0.6	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   0.0	
  
1999	
   227	
   0.4	
   1.8	
   11	
   40.1	
   30.4	
   12.8	
   2.6	
   0.9	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   0.9	
  
2001	
   334	
   0.6	
   6.3	
   9.3	
   43.7	
   32.3	
   5.4	
   1.5	
   0.6	
   0.3	
   -­‐	
   -­‐	
   -­‐	
   0.9	
  
2003	
   391	
   1	
   6.6	
   13.6	
   30.2	
   36.8	
   10.5	
   0.8	
   -­‐	
   0.3	
   0.3	
   -­‐	
   -­‐	
   0.6	
  
2004	
   424	
   0.5	
   4.5	
   17	
   39.4	
   30.2	
   8	
   0.2	
   -­‐	
   0.2	
   -­‐	
   -­‐	
   -­‐	
   0.2	
  
2005	
   447	
   1.1	
   4	
   18.6	
   39.6	
   28.2	
   6.9	
   1.3	
   -­‐	
   0.2	
   -­‐	
   -­‐	
   -­‐	
   0.2	
  
2006	
   430	
   1.8	
   4.7	
   17	
   41.4	
   30.9	
   -­‐	
   0.2	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   0.0	
  
2007	
   413	
   0.7	
   2.9	
   11.1	
   43.1	
   30	
   11.4	
   -­‐	
   0.5	
   0.2	
   -­‐	
   -­‐	
   -­‐	
   0.7	
  
2008	
   448	
   0.2	
   0.9	
   7.4	
   38.6	
   46.4	
   6.9	
   -­‐	
   -­‐	
   0.2	
   -­‐	
   0.2	
   -­‐	
   0.4	
  
2009	
   413	
   0.2	
   5.3	
   11.1	
   51.3	
   25.2	
   6.3	
   0.2	
   0.2	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   0.2	
  
2010	
   370	
   -­‐	
   5.4	
   11.6	
   49.5	
   26.8	
   5.7	
   0.8	
   -­‐	
   -­‐	
   0.3	
   -­‐	
   -­‐	
   0.3	
  
2011	
   368	
   0.3	
   3.3	
   12.8	
   48.9	
   27.2	
   6.5	
   0.5	
   0.5	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   0.5	
  
2012	
   351	
   -­‐	
   2.3	
   5.4	
   48.1	
   36.5	
   6.6	
   0.9	
   0.3	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   0.3	
  
2013	
   369	
   -­‐	
   1.4	
   9.5	
   53.9	
   30.1	
   4.3	
   -­‐	
   -­‐	
   0.8	
   -­‐	
   -­‐	
   -­‐	
   0.8	
  
2014	
   312	
   -­‐	
   0.3	
   8.3	
   52.6	
   34.3	
   4.2	
   -­‐	
   -­‐	
   0.3	
   -­‐	
   -­‐	
   -­‐	
   0.3	
  

All isolates were assessed on FQ-R using broth microdilution (Table 1) 

•  High-level CIP resistance significantly increased to 9.0% in 2013 (P = 0.00025, χ² trend 
analysis incl. Bonferroni’s correction).  

•  Levofloxacin MIC50 increased significantly from 0.5 to 1 µg/mL since 2012 (P < 10-6).  

•  Moxifloxacin is the compound with the highest intrinsic activity;  Resistance arises only 
sporadically, and remained <1% throughout the entire study period.  

MAIN OBSERVATIONS: 

 (i) Rising resistance to older fluoroquinolones  since 2011 

	
  

MICCIP+R	
  
(µg/ml)	
  

MICMOX+R	
  

(µg/ml)	
  
No.	
  

isolates	
  
GyrA	
   GyrB	
   ParC	
   ParE	
  

S81	
   E85	
   S114	
   P454	
   S52	
   N91	
   D78	
   S79	
   D83	
   D435	
  
<	
  1	
  
(n=311)	
  

0.064-­‐
0.19	
  

289	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
  
10	
   -­‐	
   -­‐	
   G	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
  
6	
   -­‐	
   -­‐	
   G	
   -­‐	
   G	
   D	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
  
2	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   D	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
  
2	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   G	
   D	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
  
1	
   -­‐	
   -­‐	
   G	
   -­‐	
   G	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
  
1	
   F	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
  

≤	
  2	
  
(n	
  =	
  80)	
  

0.125-­‐
0.25*	
  

47	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
  
12	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   F	
   -­‐	
   -­‐	
  
1	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   N	
   -­‐	
   -­‐	
   -­‐	
  
1	
   F	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
  
1	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   D	
   -­‐	
   F	
   -­‐	
   -­‐	
  
2	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   N/Y	
   -­‐	
  
1	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   F	
   -­‐	
   K	
  
1	
   -­‐	
   -­‐	
   G	
   -­‐	
   G	
   D	
   -­‐	
   F	
   -­‐	
   -­‐	
  
5	
   -­‐	
   -­‐	
   G	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
  
5	
   -­‐	
   -­‐	
   G	
   -­‐	
   G	
   D	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
  
4	
   -­‐	
   -­‐	
   G	
   -­‐	
   -­‐	
   D	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
  

2-­‐4	
  
(n	
  =	
  12)	
  

0.19-­‐1	
   3	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
  
4	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   Y/F	
   -­‐	
   -­‐	
  
1	
   F	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   N	
  
1	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   D	
   -­‐	
   F	
   -­‐	
   -­‐	
  
1	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   G	
   -­‐	
  
1	
   -­‐	
   -­‐	
   G	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
  
1	
   -­‐	
   -­‐	
   G	
   -­‐	
   G	
   D	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
  

>	
  4	
  
(n	
  =	
  29)	
  
	
  

1-­‐32	
   1	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
  
3	
   F	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
  
1	
   F	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   N	
  
12	
   F	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   F/Y	
   -­‐	
   -­‐	
  
2	
   F	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   G/Y	
   -­‐	
  
2	
   -­‐	
   -­‐	
   G	
   -­‐	
   -­‐	
   D	
   -­‐	
   F	
   -­‐	
   -­‐	
  
1	
   Y	
   -­‐	
   G	
   -­‐	
   -­‐	
   D	
   -­‐	
   Y	
   -­‐	
   -­‐	
  
1	
   G	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
  
2	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   N	
   -­‐	
  
2	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   F/Y	
   -­‐	
   -­‐	
  
1	
   -­‐	
   K	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   Y	
   -­‐	
   -­‐	
  
1	
   L	
   -­‐	
   G	
   S	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
  

Table 2. Overview of the various FQ-R genotypes encountered in 422 clinical 
pneumococcal strains.  Signature residues of the viridans group of streptococci 
are shaded in grey.  

Table 1. Yearly percentage of isolates displaying indicated MIC (µg/mL) against three fluoroquinolones. The MIC50 values are 
coloured orange. 

 (ii) Efflux is pivotal in low-level ciprofloxacin resistance 
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Figure 1. MIC distribution of ciprofloxacin and moxifloxacin, based on E-test of 422 non-invasive S. pneumoniae 
isolates. Left-hand panels: MIC distributions determined in the absence (control; black) or presence (green) of 20 mg/L 
reserpine. Right-hand panels: reduction of MIC (in blocks of 0.5 log2 dilutions from 0 to 3 log2 dilutions) after addition of 
20 mg/L reserpine and plotted as a function of the MIC distribution of the isolates in the absence of reserpine. 

 (iii) Topoisomerase mutations explain a lot in high-level 
resistance, but not all  

TAKE-HOME MESSAGES: 

•  For 229 out of 422 
isolates (54.2%), at least 
a twofold decrease in 
MICCIP was achieved 
upon addition of 20mg/L 
o f t he e f f l ux pump 
inhibitor reserpine 

 

•  Moxifloxacin is much less 
sensitive to reserpine  

 

•  Overexpression of the 
ABC pump PatAB was 
f o u n d  i n  4 8 % o f 
r e s e r p i n e - s e n s i t i v e 
strains, but could only be 
l inked to d is rup t ive 
terminator mutations in a 
fraction of these (data 
not shown).  

•  C l a s s i c a l t o p o i s o m e r a s e 
mutations in gyrA (n=25), parC 
(n=46) and parE (n=3) were 
found in varying combinations, 
arguing against clonal expansion 
of FQ-R 

 

•  Marginal impact of recombination 
with co-habiting commensal 
streptococci on FQ-R (10.4%) 

•  A rare combination of DNA 
Gyrase mutations (GyrA_S81L/ 
GyrB_P454S) suffices for high-
level moxifloxacin resistance, 
which contrasts the current 
model. 

 

•  We encountered a number of 
isolates displaying high-level 
ciprofloxacin resistance, but are 
deprived of any known molecular 
resistance mechanism.  

•  From 2011 onwards, we observe a trend towards increased resistance to ciprofloxacin and 
(although only visible at the MIC50 level) levofloxacin. Although a similar increase in 
ciprofloxacin resistance was reported in Canada, this is not confirmed in other European, 
American or Asian surveillance studies. 

 

•  The preference of first-step mutations in ParC is reflected by the 4:1 ratio of single QRDR 
mutations in the Topoisomerase IV subunits compared to the DNA Gyrase.  

•  While target topoisomerase mutations and efflux pump (over)expression clearly contribute to 
FQ-R, we add novel isolates to the existing collection of strains deprived of known 
molecular mechanisms of fluoroquinolone resistance. It would of great value unravel their 
resistance mechanisms through profound, comparative molecular characterization at the 
genomic, transcriptomic and proteomic level. 

1.  Jumbe, N et al. Antimicrob Agents Chemother 2006; 50: 310-317. 
2.  El Garch F. et al. J Antimicrob Chemother 2010; 65: 2076-2082.  
3.  Said MA et al. . PLoS ONE 2013; 8: e60273. 

Session xxx: Epidémiologie Résistance 

Poster n° XXX 

35th interdisciplinary 
meeting on 

anti-infectious chemotherapy 

14-15 December 2015 

*M. Carpentier (Liège), B. Mulongo, O, Fagnart (Bruxelles), Y. Glupczynski, M-G Garrino (Yvoir), P. Goffinet, J-S. Goffinet (Arlon), D. Govaerts (Montigny-le-Tilleul), Ph. Lefèvre 
(Marche-en-Famenne), M. Lontie, B. Van Meensel (Leuven), R. Cartuyvels, K. Magerman (Hasselt), F. Meunier, C. Mukuku Sifa (Haine-St.Paul), I. Philippart, F. Moonens (Mons-
Boussu), I. Surmont, E. DeLaere, S, Vervaeke (Roeselare), K. Camps, M. Van De Vyvere (Antwerpen), H. Van Landuyt, B. Gordts, E. Nulens (Brugge), L. Van Nimmen, L. Ide 
(Gent), R, Van Noyen, J. Frans (Bonheiden). 

Fig 1 MIC distribution of ciprofloxacin and moxifloxacin, based on E-test of 422 non-invasive  
S. pneumoniae isolates. Left-hand panels: MIC distributions determined in the absence (control; black)  

or presence (green) of 20 mg/L reserpine. Right-hand panels: reduction of MIC (in blocks of 0.5 log2 dilutions 
from 0 to 3 log2 dilutions) after addition of 20 mg/L reserpine and plotted as a function  

of the MIC distribution of the isolates in the absence of reserpine.

ISP-WIV | Rue Juliette Wytsmanstraat 14 | 1050 Brussels | Belgium 
T +32 2 642 51 54 | e-mail: pieterjan.ceyssens@wiv-isp.be | www.wiv-isp.be 

Molecular surveillance of rising fluoroquinolone 
resistance in non-invasive Streptococcus pneumoniae 

isolates in Belgium (1995-2014) 
P-J. Ceyssens1, F. Van Bambeke2, S. Bertrand1, S. Damée1, S. De Craeye1, F. Fux1, W. Mattheus1, H-J. Nyssen1, E. 

Van Bossuyt1, Jan Verhaegen3, The Belgian S. pneumoniae Study Group1, P.M. Tulkens2 and R. Vanhoof1 
 

1Scientific Institute of Public Health, Unit of Bacterial Diseases, Engelandstraat 642, 1180 Brussels, Belgium. 
2Pharmacologie Cellulaire et Moléculaire, Louvain Drug Research Institute, Université Catholique de Louvain, 1200 Brussels, Belgium. 

3Laboratory of Clinical Microbiology, KULeuven, Herestraat 49, 3000 Leuven, Belgium. 
 

BACKGROUND 
•  In the late 90s, respiratory fluoroquinolones were introduced in the treatment of 

(a)typical pneumonia. However, there was concern that short-term treatment success 
might be followed by emerging fluoroquinolone resistant (FQ-R) Streptococcus 
pneumoniae strains by accumulation of chromosomal mutations.  

•  In recent years, the role of efflux in low-level FQ-R has become more and more 
appreciated. Apart from a moderate increase in MIC, increased efflux is associated 
with rising mutational frequencies in the QRDRs [1]. Most clinical relevance is 
attributed to the reserpine-sensitive heterogenic ABC efflux pump PatAB [2]. 

Although most S. pneumoniae surveillance studies focus on bacteremia, recent work 
estimated that for every adult bacteremia case there are three non-invasive infections [3]. 
Here, we present data on FQ-R in 5,602 non-invasive pneumococci, collected during 
winter seasons between 1995 and 2014 across 15 Belgian clinical laboratories. 
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   0.5	
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   0.3	
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   -­‐	
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   368	
   0.3	
   0.5	
   3	
   10.1	
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2012	
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1995	
   143	
   -­‐	
   9.1	
   33.6	
   38.5	
   13.3	
   0.7	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   0.0	
  
1997	
   162	
   -­‐	
   0.6	
   12.3	
   38.9	
   44.4	
   3.1	
   0.6	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   0.0	
  
1999	
   227	
   0.4	
   1.8	
   11	
   40.1	
   30.4	
   12.8	
   2.6	
   0.9	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   0.9	
  
2001	
   334	
   0.6	
   6.3	
   9.3	
   43.7	
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   0.6	
   0.3	
   -­‐	
   -­‐	
   -­‐	
   0.9	
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   391	
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   6.6	
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   -­‐	
   -­‐	
   0.6	
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   424	
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   8	
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   -­‐	
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   -­‐	
   -­‐	
   -­‐	
   0.2	
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   447	
   1.1	
   4	
   18.6	
   39.6	
   28.2	
   6.9	
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   -­‐	
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   -­‐	
   -­‐	
   -­‐	
   0.2	
  
2006	
   430	
   1.8	
   4.7	
   17	
   41.4	
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   -­‐	
   0.2	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   0.0	
  
2007	
   413	
   0.7	
   2.9	
   11.1	
   43.1	
   30	
   11.4	
   -­‐	
   0.5	
   0.2	
   -­‐	
   -­‐	
   -­‐	
   0.7	
  
2008	
   448	
   0.2	
   0.9	
   7.4	
   38.6	
   46.4	
   6.9	
   -­‐	
   -­‐	
   0.2	
   -­‐	
   0.2	
   -­‐	
   0.4	
  
2009	
   413	
   0.2	
   5.3	
   11.1	
   51.3	
   25.2	
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   0.2	
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   -­‐	
   -­‐	
   -­‐	
   -­‐	
   0.2	
  
2010	
   370	
   -­‐	
   5.4	
   11.6	
   49.5	
   26.8	
   5.7	
   0.8	
   -­‐	
   -­‐	
   0.3	
   -­‐	
   -­‐	
   0.3	
  
2011	
   368	
   0.3	
   3.3	
   12.8	
   48.9	
   27.2	
   6.5	
   0.5	
   0.5	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   0.5	
  
2012	
   351	
   -­‐	
   2.3	
   5.4	
   48.1	
   36.5	
   6.6	
   0.9	
   0.3	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   0.3	
  
2013	
   369	
   -­‐	
   1.4	
   9.5	
   53.9	
   30.1	
   4.3	
   -­‐	
   -­‐	
   0.8	
   -­‐	
   -­‐	
   -­‐	
   0.8	
  
2014	
   312	
   -­‐	
   0.3	
   8.3	
   52.6	
   34.3	
   4.2	
   -­‐	
   -­‐	
   0.3	
   -­‐	
   -­‐	
   -­‐	
   0.3	
  

All isolates were assessed on FQ-R using broth microdilution (Table 1) 

•  High-level CIP resistance significantly increased to 9.0% in 2013 (P = 0.00025, χ² trend 
analysis incl. Bonferroni’s correction).  

•  Levofloxacin MIC50 increased significantly from 0.5 to 1 µg/mL since 2012 (P < 10-6).  

•  Moxifloxacin is the compound with the highest intrinsic activity;  Resistance arises only 
sporadically, and remained <1% throughout the entire study period.  

MAIN OBSERVATIONS: 

 (i) Rising resistance to older fluoroquinolones  since 2011 

	
  

MICCIP+R	
  
(µg/ml)	
  

MICMOX+R	
  

(µg/ml)	
  
No.	
  

isolates	
  
GyrA	
   GyrB	
   ParC	
   ParE	
  

S81	
   E85	
   S114	
   P454	
   S52	
   N91	
   D78	
   S79	
   D83	
   D435	
  
<	
  1	
  
(n=311)	
  

0.064-­‐
0.19	
  

289	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
  
10	
   -­‐	
   -­‐	
   G	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
  
6	
   -­‐	
   -­‐	
   G	
   -­‐	
   G	
   D	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
  
2	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   D	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
  
2	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   G	
   D	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
  
1	
   -­‐	
   -­‐	
   G	
   -­‐	
   G	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
  
1	
   F	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
  

≤	
  2	
  
(n	
  =	
  80)	
  

0.125-­‐
0.25*	
  

47	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
  
12	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   F	
   -­‐	
   -­‐	
  
1	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   N	
   -­‐	
   -­‐	
   -­‐	
  
1	
   F	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
  
1	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   D	
   -­‐	
   F	
   -­‐	
   -­‐	
  
2	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   N/Y	
   -­‐	
  
1	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   F	
   -­‐	
   K	
  
1	
   -­‐	
   -­‐	
   G	
   -­‐	
   G	
   D	
   -­‐	
   F	
   -­‐	
   -­‐	
  
5	
   -­‐	
   -­‐	
   G	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
  
5	
   -­‐	
   -­‐	
   G	
   -­‐	
   G	
   D	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
  
4	
   -­‐	
   -­‐	
   G	
   -­‐	
   -­‐	
   D	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
  

2-­‐4	
  
(n	
  =	
  12)	
  

0.19-­‐1	
   3	
   -­‐	
   -­‐	
   -­‐	
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Table 2. Overview of the various FQ-R genotypes encountered in 422 clinical 
pneumococcal strains.  Signature residues of the viridans group of streptococci 
are shaded in grey.  

Table 1. Yearly percentage of isolates displaying indicated MIC (µg/mL) against three fluoroquinolones. The MIC50 values are 
coloured orange. 

 (ii) Efflux is pivotal in low-level ciprofloxacin resistance 
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Figure 1. MIC distribution of ciprofloxacin and moxifloxacin, based on E-test of 422 non-invasive S. pneumoniae 
isolates. Left-hand panels: MIC distributions determined in the absence (control; black) or presence (green) of 20 mg/L 
reserpine. Right-hand panels: reduction of MIC (in blocks of 0.5 log2 dilutions from 0 to 3 log2 dilutions) after addition of 
20 mg/L reserpine and plotted as a function of the MIC distribution of the isolates in the absence of reserpine. 

 (iii) Topoisomerase mutations explain a lot in high-level 
resistance, but not all  

TAKE-HOME MESSAGES: 

•  For 229 out of 422 
isolates (54.2%), at least 
a twofold decrease in 
MICCIP was achieved 
upon addition of 20mg/L 
o f t he e f f l ux pump 
inhibitor reserpine 

 

•  Moxifloxacin is much less 
sensitive to reserpine  

 

•  Overexpression of the 
ABC pump PatAB was 
f o u n d  i n  4 8 % o f 
r e s e r p i n e - s e n s i t i v e 
strains, but could only be 
l inked to d is rup t ive 
terminator mutations in a 
fraction of these (data 
not shown).  

•  C l a s s i c a l t o p o i s o m e r a s e 
mutations in gyrA (n=25), parC 
(n=46) and parE (n=3) were 
found in varying combinations, 
arguing against clonal expansion 
of FQ-R 

 

•  Marginal impact of recombination 
with co-habiting commensal 
streptococci on FQ-R (10.4%) 

•  A rare combination of DNA 
Gyrase mutations (GyrA_S81L/ 
GyrB_P454S) suffices for high-
level moxifloxacin resistance, 
which contrasts the current 
model. 

 

•  We encountered a number of 
isolates displaying high-level 
ciprofloxacin resistance, but are 
deprived of any known molecular 
resistance mechanism.  

•  From 2011 onwards, we observe a trend towards increased resistance to ciprofloxacin and 
(although only visible at the MIC50 level) levofloxacin. Although a similar increase in 
ciprofloxacin resistance was reported in Canada, this is not confirmed in other European, 
American or Asian surveillance studies. 

 

•  The preference of first-step mutations in ParC is reflected by the 4:1 ratio of single QRDR 
mutations in the Topoisomerase IV subunits compared to the DNA Gyrase.  

•  While target topoisomerase mutations and efflux pump (over)expression clearly contribute to 
FQ-R, we add novel isolates to the existing collection of strains deprived of known 
molecular mechanisms of fluoroquinolone resistance. It would of great value unravel their 
resistance mechanisms through profound, comparative molecular characterization at the 
genomic, transcriptomic and proteomic level. 

1.  Jumbe, N et al. Antimicrob Agents Chemother 2006; 50: 310-317. 
2.  El Garch F. et al. J Antimicrob Chemother 2010; 65: 2076-2082.  
3.  Said MA et al. . PLoS ONE 2013; 8: e60273. 
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S. pneumoniae still is a major cause of upper respiratory tract infections and invasive 
infections. For decades, Penicillin G has been considered as the drug of choice. However, 
the incidence of isolates with reduced susceptibility to penicillin and other antimicrobials 
increased steadily world-wide. In Belgium, Penicillin insusceptibility peaked in 2001 and 
decreased steadily until 2011 when a new increase in insusceptibility was noted. Data 
have been collected since 1995 and here we present the data of the 15th survey conducted 
in winter 2012-2013. 

Introduction and Purpose 
ANTIMICROBIAL AGENTS: The following antimicrobial agents were tested: 
Penicillin (PEN), Ampicillin (AMP), Amoxicillin ± clavulanate (AMX/C), Cefaclor 
(CFC), Cefuroxime (CRX), Cefotaxime (CTX), Ceftazidime (CTZ), Cefepime 
(CPM), Imipenem (IMI), Ciprofloxacin (CIP), Levofloxacin (LEF), Moxifloxacin 
(MOX), Ofloxacin (OFL), Erythromycin (ERY), Azithromycin (AZI), Telithromycin 
(TEL), Clindamycin (CLI) and Tetracycline (TET). 
RESISTANCE RATES: Resistance rates were determined by using the EUCAST  
breakpoints (see Table 1) (I=Intermediate; R=high level) (www.eucast.org). 
CAPSULAR TYPING : Pen-insusceptible isolates were typed by the National 
reference centre (J. Verhaegen, UZ-Leuven) by using the quellung reaction with 
sera from the Staten Seruminstitute (Copenhaegen). 
STATISTICAL ANAYLISIS:  Chi², Mann-Whitney & Student’s t-test 
Level of significance (P-values) : * P<0.05; ** P<0.02; *** P<0.01; **** P<0.001 

AGE:  
  Distribution. 0 - ≤ 5y = 12.5 %, 6 - 15y = 1.6 %, 16-59y = 30.6 %, ≥ 60y = 55.3 %.  
   Mean age. National = 54.8 y. Flanders (FLA):61.1y, Wallonia (WAL) 52.4y; Brussels 

(BRS) 37.4y. Significant difference  for the various regions*. 
  Geographic difference % children: BRS = 40.0%, WAL = 16.6%, FLA = 6.2%.** 

SPECIMENS : sputum 82.1 %, nasal swab 13.8 %, throat 2.7 %, sinus 1.1 %, respiratory 
pus 0.3 %.  

TYPE OF ISOLATE/GENDER/ORIGIN : Hospitalized (HOS) 65.2%, Ambulatory 
(AMB) 34.8%, Male 65.6%. WAL 53,9%, FLA 39.3%, BRS 6,8 %. 

OVERALL SUSCEPTIBILITY (MICs) (Table 1):   
   Highest potency (lowest MIC50): IMI (0,008), followed by AMX/C, TEL (0,015).  

RESISTANCE (Tables  1-4 and  Fig. 1) : 
 Insusceptibility to Beta-lactams 

 PEN: significant increase 2010-2012: 9.2% (R=0,5%) to 17.9% (R=2,2%)****  
 53.0% of PEN-IR strains are PCV13 vaccine strains (Fig.3).  
 PEN-IR(PCV13): Child/Adult 8.6%/91.4%; FLA/WAL 40.8%/45.7%.  
 gmmMIC 1.61 µg/ml versus 0.51 µg/ml  for other PEN-IR strains**** 
  Decrease PEN-IR in function of treatment regimens following EUCAST 

Results 

        MIC Distribution (µg/ml) 

Antibiotic  ≤0.001  0.002  0.004  0.008  0.015  0.03  0.06  0.12  0.25  0.5  1  2  4  8  16  32  ≥64 

Penicillin  -  -  -  24    133  92•  54  5    11  4  19•  19  8  -  -  -  - 

Ampicillin  -  -  -  19  95  126•  41   24    11  8  9•  27  6  3  -  -  - 

Amoxicillin  -  -  8  57   147•  66  30   8   8  11•  21  9  4  -  -  -  - 

Amoxicillin/Clav  -  -  8  50   145•  75  30   8   8  11•  21  9  4  -  -  -  - 

Cefaclor  -  -  -  -   -   1  4  21  116   133•    36    4  3  2  3  7•  39 

Cefuroxime  -  -  -  -    25    72  133•  28    44    13  4   4  7•  32  7  -  - 

Cefuroxime-axetil  -  -  -  -    25    72  133•  28    44    13  4   4  7•  32  7  -  - 

Cefotaxime  -  -  3    29  114   101•  45  17    16  30•  10   4  -  -  -  -  - 

Ceftazidime  -  -  -     8  55   137•  70  30    10    15   30•    10  4  -  -  -  - 

Cefepime  -  -   1    20  91   126•  49  21    8  19•  21    13  -  -  -  -  - 

Imipenem  4  17   148     97•  28  21  7    16•    22   4  5  -  -  -  -  -  - 

Ciprofloxacin  -  -  -  -  -  -  -  -    11   46  143•   136•  27  4  1  1  - 

Levofloxacin  -  -  -  -  -    -  -   5    10      129   182•   38•  3  1   1  -  - 

Moxifloxacin  -  -  -   -   5    35    199•   111•    16   -  -    3  -  -  -  -  - 

Ofloxacin  -  -  -  -  -  -  -  -    1   17    117    179•  31•  22  1  1  - 

Erythromycin  -  -  -   8  36  112    63•    12    2   7  5  5  5  2  11  6    95•	



Azithromycin  -  -  -  4  11  53    116•    41    8   4  6   7  4  2  11  6    96• 

Telithromycin  2   10    25    140  81•  41   38•  15    11   4  2  -  -  -  -  -  - 

Clindamycin  -  -  -  7  27  96  114•  17    7 	

 9  2  3  3  7  10  10     57•  

Tetracycline  -  -  -  -  -    1  9   80      110•   41  10  29  21  16  12   8•    32 

Table 1 :  susceptibility (Intermediate and Resistant isolates following EUCAST; MIC50 •, MIC90 •) of 369 S. pneumoniae isolates. 

Continuing increase in Penicillin non-susceptibility in non-invasive 
clinical isolates of Streptococcus pneumoniae. Results of the Belgian 

Survey on antimicrobial resistance in winter 2012-2013. 

R. Vanhoof1, S. Bertrand1, G. de Laminne de Bex1, F. Fux1, W. Mattheus1, J. Van Eldere2, J. Verhaegen2 and the Belgian SP Study Group*. 
1WIV-ISP/Section Bacterial Diseases, Antibiotic Research Unit, Engelandstraat 642, B-1180 Brussels, 2University Hospital Gasthuisberg, B-3000 Leuven. 
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Table 4: Resistance rates of Penicillin (1995-2013) depending on the category of infection  

Doses Breakpoint % of non-susceptibility to Penicillin 
S NS 1995 1997 1999 2001 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 

   Infections other than meningitis 
 ≤0.06 ≥0.12 12.1 12.2 14.8 19.8 15.1 14.6 15.2 12.8 12.1 11.6 10.2 9.2 10.1 14.5 17.9 
                  
   Pneumonia 

1.2g x 4 ≤ 0.5 ≥ 1 7.9 8.5 14.8 13.8 10.7 10.1 11.2 7.4 8.0 6.9 6.3 6.5 7.6 9.7 12.5 
1.2g x 6 or 2.4g x 4 ≤ 1 ≥ 2 5.7 6.7 9.7 9.7 8.4 6.4 4.9 2.8 2.7 4.0 1.9 1.9 3.5 6.0 7.3 

2.4g x 6 ≤ 2 ≥ 4 0.8 1.2 2.6 3.2 4.9 1.4 0.9 0.5 0 0 0.5 0.5 0.3 0.8 2.2 
	
  

Table 2: Non-susceptibility rates (I+R) obtained in the various surveys for some indicator antimicrobials  

 1995 1997 1999 2001 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 
1PEN 12.1 12.2 14.8 19.8 15.1 14.6 15.2 12.8 12.1 11.6 10.2 9.2 10.1 14.5 17.9 
AMP 7.1 9.1 11.6 13.0 10.7 11.3 11.4 8.4 9.2 7.1 8.2 6.2 8.4 11.1 12.2 
AMX 6.4 8.5 12.3 10.9 8.4 8.0 9.8 6.5 6.5 5.6 4.6 3.5 4.6 7.1 9.2 
CRX 7.9 9.8 14.8 17.0 13.6 12.7 11.9 10.7 9.4 9.2 9.7 7.8 8.7 12.5 14.6 

 2CRX-ax 8.6 9.8 14.8 19.0 17.4 12.7 15.2 12.3 13.6 13.2 20.8 15.4 15.4 17.7 18.2 
LEV 0 1.2 1.8 2.4 3.3 2.8 0.7 0.5 1.0 0.7 0.7 0.8 1.1 3.1 1.4 

MOX 0 0 0.9 0.9 0.5 0.2 0.2 0.2 0.7 0.4 0.2 0.3 0.5 0.3 0.8 
ERY 20.0 29.3 32.9 28.3 26.1 24.8 30.0 37.7 31.7 29.7 40.9 32.7 32.9 31.6 36.9 
TEL 3NT NT NT NT 4.1 2.6 1.8 0.9 1.9 0.7 2.4 1.1 1.1 1.1 1.6 
TET 27.1 30.5 25.8 43.7 41.4 26.9 29.5 31.2 28.3 25.9 32.4 30.3 33.2 29.3 32.0 

    1Abbreviations: see Material & Methods; 2CRX-ax: CRX-axetil, oral form of cefuroxime; 3NT = Not tested 
	
  

 Fig 1 : Significant increase in non-susceptibility (red line) to PEN 
and AMX since 2010 

Session 86a: Streptocoques, Entérocoques et autres Gram positif 

 AMX/C & AMP: significant increase 2010-2013: resp 3.5%/9.2% & 6.2%/
12.2%*** 
  CRX: significant increase 2010-2013: 7.8%/14.6%***. CRX-ax-IR= 18.2% 

 Lowest level of IR (%): IMI (0), MOX (0.8), LEV (1.4), TEL (1.6), . 
 Children vs Adults: no significant differences between Children and adults.  
 Geographic difference.  

  WAL vs FLA. ERY 42.2%/26.9%***; IR-isolates: 47.2%/35.2%* 
  BRS vs FLA. ERY 52.0%/26.9%**; TET: 48.0%/26.2%* 

 HOS vs AMB: no significant differences, CAP vs AECB: no significant difference 
 Phenotypes & MDR : four-, three- and twofold resistance in 0.5%, 10.6% and 22.5% of 

the isolates resp. MDR (≥ 2AB) = 33.6%. BRS 52.0%, WAL 36.7% , FLA 26.2% (BRS/
FLA*** - WAL/FLA*) 

 mef and erm genes: mefA 17.6% (ERY MIC50: 1); mefA+ermB 3.7% (ERY MIC50: 
≥64); ermB 78.7% (ERY MIC50: ≥ 64). 

CAPSULAR TYPES: Capsular types of PEN I/R isolates are summarised in Fig.2 

Table 3 : 2010-2013 Resistance rates and MIC90. Significant increase (red) in beta-lactam resistance. 

Compound Resistance Rates  MIC90 values 
2010 2011 2012 2013  2010 2011 2012 2013 

PEN 9.2 10.1 14.5 17.9  0.06 0.06 0.5 1 
AMP 6.2 8.4 11.1 12.2  0.06 0.25 1 1 
AMX 3.5 4.6 7.1 9.2  0.06 0.06 0.5 0.5 
CRX 7.8 8.7 12.5 14.6  0.5 0.5 2 4 
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SUSCEPTIBILITY TESTING: Susceptibility to the various antibiotics was 
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Methods 

Conclusions 
  Increasing trend in PEN-IR since 2011 warrants special attention 
  53% of PEN-IR isolates are comprised in the PCV13 Vaccine 
  CRXax-IR is high: its clinical use needs to be reconsidered.  
  Some regional differences  in IR-rates were found  
  MOX, LEV, TEL: very low degree of  non-susceptibility 

Methods (cont.) 
S. pneumoniae still is a major cause of upper respiratory tract infections and invasive 
infections. For decades, Penicillin G has been considered as the drug of choice. However, 
the incidence of isolates with reduced susceptibility to penicillin and other antimicrobials 
increased steadily world-wide. In Belgium, Penicillin insusceptibility peaked in 2001 and 
decreased steadily until 2011 when a new increase in insusceptibility was noted. Data 
have been collected since 1995 and here we present the data of the 15th survey conducted 
in winter 2012-2013. 

Introduction and Purpose 
ANTIMICROBIAL AGENTS: The following antimicrobial agents were tested: 
Penicillin (PEN), Ampicillin (AMP), Amoxicillin ± clavulanate (AMX/C), Cefaclor 
(CFC), Cefuroxime (CRX), Cefotaxime (CTX), Ceftazidime (CTZ), Cefepime 
(CPM), Imipenem (IMI), Ciprofloxacin (CIP), Levofloxacin (LEF), Moxifloxacin 
(MOX), Ofloxacin (OFL), Erythromycin (ERY), Azithromycin (AZI), Telithromycin 
(TEL), Clindamycin (CLI) and Tetracycline (TET). 
RESISTANCE RATES: Resistance rates were determined by using the EUCAST  
breakpoints (see Table 1) (I=Intermediate; R=high level) (www.eucast.org). 
CAPSULAR TYPING : Pen-insusceptible isolates were typed by the National 
reference centre (J. Verhaegen, UZ-Leuven) by using the quellung reaction with 
sera from the Staten Seruminstitute (Copenhaegen). 
STATISTICAL ANAYLISIS:  Chi², Mann-Whitney & Student’s t-test 
Level of significance (P-values) : * P<0.05; ** P<0.02; *** P<0.01; **** P<0.001 

AGE:  
  Distribution. 0 - ≤ 5y = 12.5 %, 6 - 15y = 1.6 %, 16-59y = 30.6 %, ≥ 60y = 55.3 %.  
   Mean age. National = 54.8 y. Flanders (FLA):61.1y, Wallonia (WAL) 52.4y; Brussels 

(BRS) 37.4y. Significant difference  for the various regions*. 
  Geographic difference % children: BRS = 40.0%, WAL = 16.6%, FLA = 6.2%.** 

SPECIMENS : sputum 82.1 %, nasal swab 13.8 %, throat 2.7 %, sinus 1.1 %, respiratory 
pus 0.3 %.  

TYPE OF ISOLATE/GENDER/ORIGIN : Hospitalized (HOS) 65.2%, Ambulatory 
(AMB) 34.8%, Male 65.6%. WAL 53,9%, FLA 39.3%, BRS 6,8 %. 

OVERALL SUSCEPTIBILITY (MICs) (Table 1):   
   Highest potency (lowest MIC50): IMI (0,008), followed by AMX/C, TEL (0,015).  

RESISTANCE (Tables  1-4 and  Fig. 1) : 
 Insusceptibility to Beta-lactams 

 PEN: significant increase 2010-2012: 9.2% (R=0,5%) to 17.9% (R=2,2%)****  
 53.0% of PEN-IR strains are PCV13 vaccine strains (Fig.3).  
 PEN-IR(PCV13): Child/Adult 8.6%/91.4%; FLA/WAL 40.8%/45.7%.  
 gmmMIC 1.61 µg/ml versus 0.51 µg/ml  for other PEN-IR strains**** 
  Decrease PEN-IR in function of treatment regimens following EUCAST 

Results 

        MIC Distribution (µg/ml) 

Antibiotic  ≤0.001  0.002  0.004  0.008  0.015  0.03  0.06  0.12  0.25  0.5  1  2  4  8  16  32  ≥64 

Penicillin  -  -  -  24    133  92•  54  5    11  4  19•  19  8  -  -  -  - 

Ampicillin  -  -  -  19  95  126•  41   24    11  8  9•  27  6  3  -  -  - 

Amoxicillin  -  -  8  57   147•  66  30   8   8  11•  21  9  4  -  -  -  - 

Amoxicillin/Clav  -  -  8  50   145•  75  30   8   8  11•  21  9  4  -  -  -  - 

Cefaclor  -  -  -  -   -   1  4  21  116   133•    36    4  3  2  3  7•  39 

Cefuroxime  -  -  -  -    25    72  133•  28    44    13  4   4  7•  32  7  -  - 

Cefuroxime-axetil  -  -  -  -    25    72  133•  28    44    13  4   4  7•  32  7  -  - 

Cefotaxime  -  -  3    29  114   101•  45  17    16  30•  10   4  -  -  -  -  - 

Ceftazidime  -  -  -     8  55   137•  70  30    10    15   30•    10  4  -  -  -  - 

Cefepime  -  -   1    20  91   126•  49  21    8  19•  21    13  -  -  -  -  - 

Imipenem  4  17   148     97•  28  21  7    16•    22   4  5  -  -  -  -  -  - 

Ciprofloxacin  -  -  -  -  -  -  -  -    11   46  143•   136•  27  4  1  1  - 

Levofloxacin  -  -  -  -  -    -  -   5    10      129   182•   38•  3  1   1  -  - 

Moxifloxacin  -  -  -   -   5    35    199•   111•    16   -  -    3  -  -  -  -  - 

Ofloxacin  -  -  -  -  -  -  -  -    1   17    117    179•  31•  22  1  1  - 

Erythromycin  -  -  -   8  36  112    63•    12    2   7  5  5  5  2  11  6    95•	



Azithromycin  -  -  -  4  11  53    116•    41    8   4  6   7  4  2  11  6    96• 

Telithromycin  2   10    25    140  81•  41   38•  15    11   4  2  -  -  -  -  -  - 

Clindamycin  -  -  -  7  27  96  114•  17    7 	

 9  2  3  3  7  10  10     57•  

Tetracycline  -  -  -  -  -    1  9   80      110•   41  10  29  21  16  12   8•    32 

Table 1 :  susceptibility (Intermediate and Resistant isolates following EUCAST; MIC50 •, MIC90 •) of 369 S. pneumoniae isolates. 
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Table 4: Resistance rates of Penicillin (1995-2013) depending on the category of infection  

Doses Breakpoint % of non-susceptibility to Penicillin 
S NS 1995 1997 1999 2001 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 

   Infections other than meningitis 
 ≤0.06 ≥0.12 12.1 12.2 14.8 19.8 15.1 14.6 15.2 12.8 12.1 11.6 10.2 9.2 10.1 14.5 17.9 
                  
   Pneumonia 

1.2g x 4 ≤ 0.5 ≥ 1 7.9 8.5 14.8 13.8 10.7 10.1 11.2 7.4 8.0 6.9 6.3 6.5 7.6 9.7 12.5 
1.2g x 6 or 2.4g x 4 ≤ 1 ≥ 2 5.7 6.7 9.7 9.7 8.4 6.4 4.9 2.8 2.7 4.0 1.9 1.9 3.5 6.0 7.3 

2.4g x 6 ≤ 2 ≥ 4 0.8 1.2 2.6 3.2 4.9 1.4 0.9 0.5 0 0 0.5 0.5 0.3 0.8 2.2 
	
  

Table 2: Non-susceptibility rates (I+R) obtained in the various surveys for some indicator antimicrobials  

 1995 1997 1999 2001 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 
1PEN 12.1 12.2 14.8 19.8 15.1 14.6 15.2 12.8 12.1 11.6 10.2 9.2 10.1 14.5 17.9 
AMP 7.1 9.1 11.6 13.0 10.7 11.3 11.4 8.4 9.2 7.1 8.2 6.2 8.4 11.1 12.2 
AMX 6.4 8.5 12.3 10.9 8.4 8.0 9.8 6.5 6.5 5.6 4.6 3.5 4.6 7.1 9.2 
CRX 7.9 9.8 14.8 17.0 13.6 12.7 11.9 10.7 9.4 9.2 9.7 7.8 8.7 12.5 14.6 

 2CRX-ax 8.6 9.8 14.8 19.0 17.4 12.7 15.2 12.3 13.6 13.2 20.8 15.4 15.4 17.7 18.2 
LEV 0 1.2 1.8 2.4 3.3 2.8 0.7 0.5 1.0 0.7 0.7 0.8 1.1 3.1 1.4 

MOX 0 0 0.9 0.9 0.5 0.2 0.2 0.2 0.7 0.4 0.2 0.3 0.5 0.3 0.8 
ERY 20.0 29.3 32.9 28.3 26.1 24.8 30.0 37.7 31.7 29.7 40.9 32.7 32.9 31.6 36.9 
TEL 3NT NT NT NT 4.1 2.6 1.8 0.9 1.9 0.7 2.4 1.1 1.1 1.1 1.6 
TET 27.1 30.5 25.8 43.7 41.4 26.9 29.5 31.2 28.3 25.9 32.4 30.3 33.2 29.3 32.0 

    1Abbreviations: see Material & Methods; 2CRX-ax: CRX-axetil, oral form of cefuroxime; 3NT = Not tested 
	
  

 Fig 1 : Significant increase in non-susceptibility (red line) to PEN 
and AMX since 2010 
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 Lowest level of IR (%): IMI (0), MOX (0.8), LEV (1.4), TEL (1.6), . 
 Children vs Adults: no significant differences between Children and adults.  
 Geographic difference.  

  WAL vs FLA. ERY 42.2%/26.9%***; IR-isolates: 47.2%/35.2%* 
  BRS vs FLA. ERY 52.0%/26.9%**; TET: 48.0%/26.2%* 

 HOS vs AMB: no significant differences, CAP vs AECB: no significant difference 
 Phenotypes & MDR : four-, three- and twofold resistance in 0.5%, 10.6% and 22.5% of 

the isolates resp. MDR (≥ 2AB) = 33.6%. BRS 52.0%, WAL 36.7% , FLA 26.2% (BRS/
FLA*** - WAL/FLA*) 

 mef and erm genes: mefA 17.6% (ERY MIC50: 1); mefA+ermB 3.7% (ERY MIC50: 
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