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Table 1. Classification according to German guideline into 3MRGN and 4MRGN. 

Bacteria 
Categories 1 Classification 

I II III IV 3MRGN 5 4MRGN 5 

Enterobacteriaceae 2 PIP TAX CIP 
IMI 3 or MER 

or CARB 
Resistance to three 
of four categories 

Resistance to four of 
four categories or to 

category IV alone 

P. aeruginosa PIP 
TAZ and 

FEM 
CIP IMI and MER 

Resistance to three 
of four categories 

Resistance to four of 
four categories 

A. baumannii PIP 4 TAZ 4 CIP 
IMI or MER or 

CARB 
Resistance to three 
of four categories 

Resistance to four of 
four categories or to 

category IV alone 
1 PIP = piperacillin, TAX = cefotaxime, TAZ = ceftazidime, FEM = cefepime, CIP = ciprofloxacin, IMI = imipenem, MER = 

meropenem, CARB = carbapenemase detected in the isolate irrespectively of the resistance phenotype, intermediate test results 
are considered as resistant for the classification.  

2 Enterobacteriaceae includes a classification for the following species: E. coli, Klebsiella spp., Proteus spp., Citrobacter spp., Enterobacter 
spp. and E. cloacae, S. marcescens, Morganella spp., Providencia spp.  

3 Imipenem is not considered for Proteus spp., Morganella spp., S. marcescens, Providencia spp.  
4 PIP and TAZ are always considered as resistant due to missing clinical breakpoints for A. baumannii.  
5 Special hygiene precautions are required for patients with 4MRGN in all parts of the hospital and for patients with 3MRGN 

only on intensive care units or other units with immunocompromised patients according to local risk assessments. 

Table 2. Classification according to Dutch guideline into BRMO. 

Bacteria 
Categories 1 

ESBL CARB 1 FQ AM PIP TAZ SXT 

Enterobacteriaceae 2 BRMO 3 BRMO BRMO: Resistance to FQ and AM 2 - - 

P. aeruginosa - 
BRMO: Resistance to ≥ 3 categories:  

CARB 1, FQ; AM; PIP; TAZ  
- 

A. baumannii - BRMO BRMO: Resistance to FQ and AM2 - - 

S. maltophilia - - -  BRMO 

1 CARB = carbapenemase, for Enterobacteriaceae at least OXA-48, Verona integron-encoded metallo-β-lactamase (VIM), New 
Delhi metallo-β-lactamase (NDM), Klebsiella pneumoniae carbapenemase (KPC), imipenem-carbapenemase (IMP) are tested; for 
P. aeruginosa at least VIM is tested, FQ = fluoroquinolones, AM = aminoglycosides, PIP = piperacillin, TAZ = ceftazidime.  

2 FQ includes ciprofloxacin (and levofloxacin for A. baumannii); AM includes gentamicin and tobramycin (if tested both, 
resistance was assumed, if both were resistant. If only one of these agents was tested, this result was used for classification).  

3 Classification as BRMO is followed by isolation in single-rooms (with anteroom) and barrier precautions for all A. baumannii 
and all Enterobacteriaceae characterised by CARB. For all other BRMO, contact isolation is recommended and can be done in 
single rooms or other rooms.  

 
Statistical analysis was done by Epi Info (version 7.0, CDC Atlanta, Atlanta, GA, USA) using 
Chi-Square or (where appropriate) Fisher’s exact test; p < 0.05 was considered significant. The 
final dataset does not allow for conclusions about the epidemiology or the prevalence of 
MDRGNB, as it contains both isolates obtained from screening asymptomatic patients and 
clinical specimens. Moreover, the diagnostic procedures and indications for screening and 
clinical diagnostics were not harmonised in the participating laboratories and hospitals. 

8.3. RESULTS 

8.3.1. Number of Antibiograms and Patients 
Initially, 35,619 antibiograms were included of which 12,616 were from Dutch and 23,003 
from German hospitals. The 12,616 isolates were from five Dutch secondary-care hospitals (n 
= 4,377; from 2015 to 2016) and one Dutch university-hospital (n = 8,239, 2016), and the 
23,003 isolates were from three German secondary-care hospitals (n = 6,914, 2016) and one 


