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a b s t r a c t 

Non-fermenting Gram-negative bacteria (NFGNB) are increasingly cultured in respiratory samples from 

cystic fibrosis (CF) patients. This study determined the antimicrobial susceptibility of clinical CF respira- 

tory isolates from distinct geographical regions. A total of 286 isolates (106 Stenotrophomonas maltophilia , 

100 Burkholderia spp . , 59 Achromobacter spp., 12 Pandoraea spp., 9 Ralstonia spp.) from the Netherlands, 

Northern Ireland, Spain, USA and Australia were tested. MIC 50/90 values and susceptibility categorisation 

were determined. Trimethoprim/sulfamethoxazole (SXT) was the most active compound for all micro- 

organisms (MIC 50 , 0.12–4 mg/L; MIC 90 , 1–16 mg/L). For S. maltophilia , 47% and 62% of isolates were sus- 

ceptible to SXT according to CLSI and EUCAST breakpoints, respectively. Ceftazidime presented lower 

susceptibility (35%; MIC 50 , 32 mg/L; MIC 90 , 256 mg/L). MIC 90 values for tobramycin and colistin were 

> 128 mg/L and > 16 mg/L, respectively. Regarding Burkholderia , 72%, 56% and 44% were susceptible to 

SXT, ceftazidime and meropenem, respectively. For both ceftazidime and meropenem, MIC 50 and MIC 90 

values were within the intermediate or resistant category. The most active antibiotics for Achromobac- 

ter spp. were SXT (MIC 50 , 0.5 mg/L; MIC 90 , 8 mg/L) and imipenem (MIC 50 , 2 mg/L; MIC 90 , 8 mg/L). SXT, 

imipenem and ciprofloxacin were active against 12 Pandoraea spp. (MIC 50 , 0.12–4 mg/L; MIC 90 , 1–8 mg/L). 

Ciprofloxacin (MIC 50 , 4 mg/L) and SXT (MIC 50 , 1 mg/L) were the only active antibiotics for Ralstonia spp. 

There were no statistically significant differences in susceptibility rates between countries. NFGNB other 

than Pseudomonas aeruginosa are potential pathogens in CF. SXT was demonstrated to be the most active 

compound against these isolates. 

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

Cystic fibrosis (CF) patients are regularly colonised by op-

portunistic micro-organisms. In adult patients, Pseudomonas

aeruginosa is the main pathogen, but in recent years other

non-fermenting bacteria from different genera, such as

Stenotrophomonas, Burkholderia, Achromobacter, Ralstonia and

Pandoraea , are being increasingly isolated [1–3] . This could poten-

tially be due to the aggressive antimicrobial therapy used against

P. aeruginosa , the development of new techniques for bacterial
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dentification, and improvement in life expectancy for people with

F [4] . 

In most cases, it has been reported that chronic colonisation

ith these micro-organisms is associated with a decline in pul-

onary function; however, the pathogenic role of some of these

pecies is not completely clear owing to their coexistence with

ther pathogens including Staphylococcus aureus and P. aerugi-

osa [4] . Unlike P. aeruginosa , for which antimicrobial treatment is

tandardised, treatment protocols are not in place for these non-

ermenting micro-organisms and limited data are available regard-

ng their susceptibility profiles. Studying the susceptibility patterns

nd epidemiology of these micro-organisms is therefore essential

o improve the management of CF patients. 
rved. 
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Table 1 

MIC 50 and MIC 90 values (mg/L) for the tested antimicrobials and micro-organisms. 

Micro-organism/antimicrobial CAZ MER IPM ATM CIP TOB COL SXT 

Stenotrophomonas maltophilia ( n = 106) 

MIC 50 32 > 64 > 128 > 256 4 64 1 4 

MIC 90 256 > 64 > 128 > 256 32 > 128 > 16 16 

Burkholderia spp. ( n = 100) 

MIC 50 8 8 32 128 4 128 > 16 2 

MIC 90 128 32 128 > 256 64 > 128 > 16 8 

Achromobacter spp. ( n = 59) 

MIC 50 8 2 2 > 256 8 128 2 0.5 

MIC 90 128 32 8 > 256 32 > 128 > 16 8 

Pandoraea spp. ( n = 12) 

MIC 50 128 > 64 2 > 256 4 128 > 16 0.12 

MIC 90 256 > 64 8 > 256 8 > 128 > 16 1 

Ralstonia spp. ( n = 9) 

MIC 50 16 128 32 > 256 4 128 > 16 1 

MIC 50/90 , minimum inhibitory concentrations required to inhibit 50% and 90% of the isolates, respectively; CAZ, cef- 

tazidime; MER, meropenem; IPM, imipenem; ATM, aztreonam; CIP, ciprofloxacin; TOB, tobramycin; COL, colistin; SXT, 

trimethoprim/sulfamethoxazole. 
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The aim of this study was to determine the susceptibility

f non-fermenting Gram-negative bacteria (NFGNB) other than P.

eruginosa to a range of antimicrobial agents used in CF patients.

his study is included within the objectives of the Innovative

edicines Initiative (IMI) iABC European project, which is mainly

ocused on the development of a new inhaled compound for CF

atients. 

. Material and methods 

A total of 286 isolates recovered from respiratory samples of

F patients in 2003–2016 from five different countries [Spain

 n = 103), Northern Ireland ( n = 98), the Netherlands ( n = 82),

he USA ( n = 2) and Australia ( n = 1)] were included in this

tudy. Overall, 106 Stenotrophomonas maltophilia , 100 Burkholde-

ia spp . (51 Burkholderia multivorans , 20 Burkholderia cenocepa-

ia , 12 Burkholderia contaminans , 10 Burkholderia vietnamiensis , 4

urkholderia cepacia and 3 Burkholderia gladioli ), 59 Achromobac-

er spp. (53 Achromobacter xylosoxidans , 4 Achromobacter spp. and

 Achromobacter insolitus ), 12 Pandoraea spp. and 9 Ralstonia

pp. isolates were studied. Bacteria were identified by matrix-

ssisted laser desorption/ionisation time-of-flight mass spectrom-

try (MALDI-TOF/MS) and the identification was confirmed by

hole-genome sequencing. The species of Burkholderia was also

onfirmed by sequencing the recA gene as previously described [5] .

Minimum inhibitory concentrations (MICs) were determined by

he standard ISO broth microdilution method with frozen panels

Trek Diagnostic Systems, Westlake, OH). The antimicrobial agents

nd the concentration range tested were as follows: ciprofloxacin

CIP) (0.03–32 mg/L); tobramycin (TOB) (0.125–128 mg/L); cef-

azidime (CAZ) (0.25–256 mg/L); meropenem (MER, 0.06–64 mg/L),

mipenem (IPM) (0.125–128 mg/L); aztreonam (0.25–256 mg/L);

rimethoprim/sulfamethoxazole (SXT) (0.06–32 mg/L); and colistin

COL) (0.25–16 mg/L). 

MIC 50 and MIC 90 values (MICs required to inhibit 50% and 90%

f the isolates, respectively) as well as susceptibility categorisation

ere assessed considering both European Committee on Antimi-

robial Susceptibility Testing (EUCAST) and Clinical and Laboratory

tandards Institute (CLSI) breakpoints and the epidemiological cut-

ff (ECOFF) when available ( Tables 1 and 2 ; Fig. 1 ). To analyse data

y country, χ2 /Fisher’s test with Bonferroni correction was used to

ompare susceptibility rates when an antimicrobial breakpoint was

vailable (statistically significant when P < 0.016). To reflect dif-

erences in mechanisms of antimicrobial resistance between coun-
ries, MIC 90 values were graphically represented (Supplementary

ig. S1). 

Statistical analysis was performed using Stata Statistical Soft-

are for Windows: Release 11.0 (StataCorp LP, College Station, TX).

solates categorised as intermediate and susceptible were grouped

or data analysis. 

. Results 

MIC 50 and MIC 90 values for all of the tested antimicrobial

gents and micro-organisms are presented in Table 1 . SXT was

he most active compound for all of the micro-organisms, with an

IC 50 range of 0.12–4 mg/L and an MIC 90 range of 1–16 mg/L. All

f the micro-organisms presented either an MIC 50 or MIC 90 to COL

f > 16 mg/L. 

Analysing S. maltophilia isolates, 47% and 62% of the isolates

ere susceptible to SXT when considering CLSI [susceptible (S), ≤2

g/L; resistant (R), ≥4 mg/L] and EUCAST (S, ≤4 mg/L; R, > 4 mg/L)

linical breakpoints, respectively ( Table 2 ; Fig. 1 ). Coinciding with

he CLSI breakpoint, the EUCAST ECOFF for SXT is 2 mg/L, which

eans that 47% of the isolates were included in the wild-type pop-

lation. CAZ presented a lower level of susceptibility [S, 35%; in-

ermediate (I), 6%; R, 59%], placing both the MIC 50 (32 mg/L) and

IC 90 (256 mg/L) within the resistant population ( Table 2 ; Fig. 1 ).

here are no defined clinical breakpoints for CIP, but the MIC 50 

alue (4 mg/L) was close to the EUCAST modal value (2 mg/L) in S.

altophilia . For both TOB and COL, MIC 90 values were high ( > 128

g/L and > 16 mg/L, respectively). 

Considering all of the Burkholderia spp., according to CLSI break-

oints 72%, 56% and 44% of isolates were susceptible to SXT (S, ≤2

g/L; R, ≥4 mg/L), CAZ (S, ≤8 mg/L; I, 16 mg/L; R, ≥32 mg/L) and

ER (S, ≤4 mg/L; I, 8 mg/L; R, ≥16 mg/L), respectively ( Table 2 ).

oth for CAZ and MER, the MIC 50 and MIC 90 values were included

ithin the intermediate or resistant category, although the MIC 90 

as lower for MER (32 mg/L) than for CAZ (128 mg/L). 

Analysing the antimicrobial activity of the different species of

he Burkholderia cepacia complex (51 B. multivorans , 20 B. ceno-

epacia , 12 B. contaminans , 10 B. vietnamiensis and 4 B. cepacia ),

he lowest CAZ MIC 90 was obtained for B. vietnamiensis (16 mg/L

s. 64–256 mg/L). Burkholderia vietnamiensis also presented lower

PM MIC 50 (1 mg/L) and MIC 90 (32 mg/L) values than the other

pecies (IPM MIC 50 range, 32–64 mg/L; IPM MIC 90 range, 128–256

g/L). The susceptibility profiles for the rest of the antimicrobials

ere similar for all of the Burkholderia spp. 
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Table 2 

Clinical susceptibility of Stenotrophomonas maltophilia and Burkholderia spp. to ceftazidime (CAZ), meropenem (MER) 

and trimethoprim/sulfamethoxazole (SXT) according to Clinical and Laboratory Standards Institute (CLSI) and Euro- 

pean Committee on Antimicrobial Susceptibility Testing (EUCAST) breakpoints. 

Breakpoints Micro-organism CAZ MER SXT 

%S %I %R %S %I %R %S %R 

CLSI S. maltophilia 35 6 59 – – – 47 53 

Burkholderia spp . 56 5 39 44 25 31 72 28 

EUCAST S. maltophilia – a – – – – 62 38 

Burkholderia spp . – – – 2 98 – – –

S, susceptible; I, intermediate; R, resistant. 
a –, indicates that clinical breakpoints have not been defined. 
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Neither CLSI nor EUCAST have established specific clinical

breakpoints for Achromobacter spp. Different Achromobacter spp.

were not analysed separately as the majority of isolates tested

were A. xylosoxidans (89.8%). After SXT, the most active agent was

IPM (MIC 50 , 2 mg/L; MIC 90 , 8 mg/L). The COL MIC had a bimodal

distribution, with a first modal value of 1 mg/L and a second modal

value of 32 mg/L. 

SXT, IPM and CIP were active against the 12 Pandoraea spp. iso-

lates tested, with a range of MIC 50 and MIC 90 values of 0.12–4

mg/L and 1–8 mg/L, respectively. Analysing Ralstonia spp., a high

level of antimicrobial resistance was observed, with CIP (MIC 50 , 4

mg/L) and SXT (MIC 50 , 1 mg/L) as the only active antibiotics. 

For S. maltophilia , there were no statistically significant differ-

ences between countries in CAZ and SXT susceptibility ( P > 0.016)

as shown in Supplementary Fig. S1, which shows the antibiotic

MIC 90 values for the separate countries. 

Considering the origin of Burkholderia spp., B. multivorans was

most frequently isolated species in Northern Ireland and the

Netherlands (48.6% and 68.6%, respectively), whereas in Spain the

most frequently isolated species was B. contaminans (39.3%). A

lower rate of MER susceptibility was observed for Burkholderia iso-

lates from Northern Ireland (54.3%) compared with those from

Spain (78.6%) and the Netherlands (74.3%), although the difference

was not statistically significant ( P = 0.02). Curiously, similar MER

MIC 90 values were observed between these countries (4–8 mg/L)

(Supplementary Fig. S1). There were no statistically significant dif-

ferences in CAZ and SXT susceptibility by country, although CAZ

MIC 90 values for isolates from Spain were 2–3 dilutions lower than

the CAZ MIC 90 values found in the Netherlands and Northern Ire-

land. The SXT MIC 90 values for isolates from Northern Ireland were

2–3 dilutions lower than those from Spain and the Netherlands. 

For Achromobacter spp., the SXT MIC 90 value reported from

Northern Ireland was 4 dilutions lower than that from Spain. 

4. Discussion 

NFGNB other than P. aeruginosa , such as B. cepacia complex,

Stenotrophomonas, Achromobacte r, Ralstonia and Pandoraea , are in-

creasingly isolated in respiratory samples from CF patients. These

micro-organisms are in general intrinsically resistant to multiple

antibiotics and treatment guidelines are not yet available, therefore

clinicians judge each patient individually considering the in vitro

antimicrobial susceptibility reports and clinical outcome after ther-

apy. Furthermore, the available clinical breakpoints are intended

for systemic therapy and may not be adequate for inhaled ther-

apy. Inhaled therapy has the potential to achieve high pulmonary

concentrations and may be able to inhibit micro-organisms with

MICs above the breakpoints for systemic therapy [6] . 

Some studies have defined S. maltophilia as a coloniser, whilst

others demonstrated that this micro-organism is capable of caus-

ing a deterioration in pulmonary function [7,8] . Nevertheless, the

presence of S. maltophilia cannot be ignored in some patients as
t is associated with an increased risk of pulmonary exacerbations,

he need for lung transplantation and death [9] . Generally, SXT is

he antibiotic of choice, but during the last years increasing rates

f resistance have been reported in CF patients ranging from 16%

o 45% [2,3,10,11] . In the current study, the SXT resistance rate was

8% and 53% following EUCAST and CLSI guidelines, respectively.

omparison between the EUCAST MIC distribution and that ob-

ained in this study shows a clear displacement of the latter to

igher concentrations. In fact, the majority of non-CF S. maltophilia

solates are susceptible to SXT (global rate of < 10% resistance) [12] .

lthough CAZ and fluoroquinolones are considered as options for S.

altophilia , high rates of resistance to both compounds are also in-

reasingly being reported. In the current study, ca. 60% of the iso-

ates were resistant to CAZ, similar to rates previously published

80% [13] and 70% [2] ). Newer fluoroquinolones such as moxi-

oxacin may have a better activity against S. maltophilia than CIP

MIC 90 = 32 mg/L in this study) [12] . 

Isolation of Burkholderia spp. is particularly worrying in CF pa-

ients as it is related to a rapid decline in pulmonary function and

igh morbidity and mortality [14] . Similar to S. maltophilia , SXT

s the antibiotic of choice for Burkholderia spp., but combinations

re frequently used. A lower SXT resistance rate (28%) was ob-

erved than for S. maltophilia . Resistance rates for MER and CAZ

ere > 30% for both antibiotics. 

The clinical relevance of isolation of Achromobacter spp. in the

putum of CF patients is unclear. Some studies have demonstrated

hat its presence is associated with a risk of pulmonary exacer-

ation but not with a worsened long-term prognosis [15] . Also,

chromobacter isolated from patients with CF appear to be more

irulent than those isolated from other sources [16] . The most ac-

ive agents for Achromobacter were SXT and IPM. In contrast to pre-

iously published data, MER was less active than IPM [16] . CAZ,

OL and TOB have been considered adequate for inhalation ther-

py [17] ; however, in this study these antibiotics presented high

IC 90 values. 

The prevalence of Ralstonia and Pandoraea infection in CF is low.

he pathogenic role of Pandoraea spp. appears to be due to the

ncrease in the production of pro-inflammatory cytokines, but the

linical impact is still uncertain [18] . Although only a limited num-

er of Ralstonia and Pandoraea isolates were tested, the current

esults demonstrated that IPM and SXT had good activity against

andoraea , and CIP and SXT against Ralstonia , in agreement with

reviously published data [4,18,19] . 

As the scope of the initial research of the iABC project was

o analyse P. aeruginosa susceptibility, a limitation of the current

tudy is that some antibiotics suitable for non-fermenters other

han P. aeruginosa were not included in the MIC panels. However,

he findings of this study provide insights into the epidemiology

nd susceptible patterns of these micro-organisms from different

eographical regions. 

In conclusion, NFGNB other than P. aeruginosa are potential

athogens increasingly being isolated from respiratory samples of
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Fig. 1. Ceftazidime (CAZ), trimethoprim/sulfamethoxazole (SXT) and meropenem (MER) minimum inhibitory concentration (MIC) distribution for Stenotrophomonas mal- 

tophilia and Burkholderia spp. Susceptibility categorisation was performed using Clinical and Laboratory Standards Institute (CLSI) guidelines (susceptible, light blue; inter- 

mediate, medium-light blue; resistant, dark blue). For S. maltophilia and SXT, European Committee on Antimicrobial Susceptibility Testing (EUCAST) susceptible isolates are 

marked in red. In the case of Burkholderia spp. and MER, the epidemiological cut-off (ECOFF) is represented by a discontinuous red line. MIC50/90, MICs required to inhibit 

50% and 90% of the isolates, respectively. 
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F patients. Little is known about their epidemiology, clinical man-

gement and antimicrobial susceptibility. We provide susceptibil-

ty testing data to different antimicrobials to better define their

ntimicrobial susceptibility profile. Considering available clinical

reakpoints, SXT was demonstrated to be the most active com-

ound against all of the isolates tested. 
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