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Summary: Oblectives: To evaluate two phenotypic tests for detection of different types of 
Klebsiella pneumoniae carbapenemases, previously characterized by molecu-
lar-genetic methods. Methods: A total of 46 carbapenem resistant K. pneumo-
niae clinical isolates, producers of 3 types of carbapeneases were tested: KPC-
2 (n = 42), VIM-1 (n = 3) and OXA-48 (n = 1). Susceptibility to imipenem and 
meropenem was determined by disc-diffusion method and Phoenix authomated 
system (BD). The results were interpreted according to current CLSI guidelines 
(2014). We performed the following phenotypic methods for carbapenemase 
detection: the modified Hodge test, the double disc synergy test (DDST) with 
boronic acid, dipicolinic acid, EDTA and discs imipenem and meropenem, as 
well as the combined-disc method (CDM) with discs ertapenem/cloxacillin and 
imipenem/cloxacillin. The results were interpreted according to CLSI-2014 and 
EUCAST-2013 guidelines. Results: MICs of imipenem and meropenem for the 
tested isolates varied between 4 mg/L and > 16 mg/L. All isolates demonstrated 
positive Hodge test. DDST with boronic acid, dipicolinic acid and EDTA identi-
fied all KPC-2 and VIM-1 producers, but not the single OXA-48 positive isolate 
of K. pneumoniae. No synergy of ertapenem and imipenem with cloxacillin (  5 
mm) was observed in any of the tested isolates. Conclusion: The method ba-
sed on the inhibition of carbapenem-hydrolyzing enzymes by specific inhibitors 
(DDST, CDM) is accurate method for identification of class A and B enzymes, 
but not for class D enzymes. In these cases the modified Hodge test will ensure 
the detection of OXA-48 producers. Combined application of the evaluated 
methods in the diagnostic microbiological laboratory will provide reliable detec-
tion of K. pneumoniae isolates, producers of different types of carbapenemases. 

Key words:  K. pneumoniae, carbapenemases, laboratory detection 

Address for correspondence: Assoc. Prof. Temenuga Stoeva, M. D., Department of Microbiology,  
Medical University, 55, Marin Drinov St., Bg – 9002 Varna,  
e-mail: temenuga.stoeva@abv.bg 

 
 

 
Klebsiella pneumoniae   -   

    , 
    . 

 -    -
   ,   , -

  Escherichia coli    -  
    . K. pneumo-

niae         
  .  -

       
  - , 
    .  

2013 .     K. pneu-
monia  (    ),   -

 -  (ESBLs), -
   -

,  ,    -
  ( , , , 
, , )    50-

70% [8].   (imipe-
nem, meropenem, ertapenem)    

    ,   
ESBL-  K. pneumoniae.  -

        
       

 K. pneumonia ,  -
      

.      -
    , -
  ( ). -

     
-  ,  

  K. pneumonia,      
 . ,  

  ,    
  –  22%  72% [3, 

12],       -
     

. 
   -

- , - -
 K. pneumoniae,     -

      , 
      -

      -
.     -
    -



 , 52, 2016,  1 37  

 

 

  ( )   , 
        -

  .   -
       

  -  -
, . K. pneumoniae.    -

   Hodge,   
    ,   
    - -

 ( ).    -
     

   a,   
 K. pneumoniae   -

    
(PCR)    [1, 14]: -

   Hodge,    
  boronic acid, dipicolinic acid, ethy-

lenediaminetetraacetic acid (EDTA) ( )  -
    cloxacillin ( ). 

   
 46 -   K. 

pneumoniae,     -
,  : KPC-2 (n = 42), VIM-1 (n = 3), 

OXA-48 (n = 1) [1, 14].  K. pneumoniae, 
  KPC-2,   

 CTX-M-15 ESBL; VIM-1  – KPC-2  
TEM-1 - , a  OXA-48-

  K. pneumoniae – CTX-M-14 
ESBL.     -

    2013-  2014 
.      -

   ” . ”,    
  .   imi-

penem  meropenem    -
-      

 Phoenix (BD),   – -
    CLSI – 2014 [1, 5]. 

      
   : -

   Hodge,    -
   boronic acid, dipicolinic acid, EDTA 

  imipenem, meropenem,   
 2 m    ,   -

     ertapenem/clo-
xacillin, imipenem/cloxacillin  ,  

  ertapenem  imipenem (Liofilchem s.r.l. – 
Italy).      

    CLSI  
EUCAST [5, 9, 16].    Hodge 

       
;     

boronic acid  imipenem/meropenem –  -
    -  -

 (  , ),    boronic acid 
 meropenem/imipenem,     

     ertape-
nem/cloxacillin  imipenem/cloxacillin  5 mm  

    , -
   ertapenem  imipenem –   
 AmpC .   imi-

penem/meropenem  dipicolinic acid/EDTA  -
    - -
.  

 
       

  imipenem  meropenem  < 20 
mm, a   imipenem  meropenem  

 4 mg/L  > 16 mg/L.   
 Hodge      

 ( . 1).    -
  boronic acid  dipicolinic acid -

  KPC-2 (n = 42)  VIM-1  
(n = 3),     -48 -

 ( . 2  3).    K. pneumonia , 
  VIM-1,   

 imipenem/meropenem  EDTA,   
 -        -

,   dipicolinic acid.   
       -

   ertapenem/cloxacillin  imi-
penem/cloxacillin (     -

  > 4 mm)      -
  ,   ertapenem  

imipenem. 
 

 
. 1.    Hodge:   -
-    E. coli ATCC25922  

        K. 
pneumoniae,        -

   imipenem 



38 .  ...         ... 

 

 

 
. 2.      imipenem 

 meropenem  ,   boronic acid ( -
     2 m):   

        -
 imipenem  meropenem,   boronic acid 

   KPC-2 ,   
  K. pneumoniae  

 

 
. 3.      imipenem 

 meropenem  ,   dipicolinic acid ( -
     2 m):    

( -     )  -
 imipenem  meropenem  ,   dipicolinic 

acid,       dipicolinic 
acid  VIM-1 ,   -

  K. pneumoniae 

 
K. pneumoniae e     -

      
  ” . ” – ,   2012-

2014 .      -  -
      

 .  2013-2014 .   -
 (ESBLs)  -

 K. pneumoniae  81% ( -
 ).    2012 .  o  

  -   K. 
pneumonia  [15].   2012-2014 . -

       -
     2012 .  9.2% 

 2014 .,      
    -
  -   K. 

pneumoniae      [1].  

-  ,  -
  K. pneumoniae   

 imipenem  meropenem,  -
      ( , , D). -

 -     -
     KPC  (Klebsiella 

Pneumoniae Carbapenemase) [19]. -
     K. pneumoniae  -
        

,      -
,   -

.  KPC   KPC-2 
 K. pneumoniae,   1996 .  

 [27].  KPC-2   
     -

     ,  
-   K. pneumoniae. , , -

      ( , 
)     KPC-2 -

 K. pneumonia  [19].  
-     

   ( - - , MBLs), 
   Enterobact ria-

ceae,  IMP  VIM (Verona integron-encoded 
MBLs) ,      
NDM  (New Delhi metallo beta lactamase). 

       
VIM-1  Enterobacteriaceae,  -

      K. 
pneumoniae,        -

 (E. coli, C. freundii, M. morganii, Serratia 
spp., K. oxytoca) [17, 24].    

 -    -
     –   

NDM-1   K. pneumoniae  E. coli [20, 28]. 
,        -
  NDM  Enterobacteria-

ceae.  ,   
        

     [19]. 
   , -

  D -  -
      -

        -
  .   -

     Aci-
netobacter baumannii,  -48  
       
  Enterobacteriaceae,  -

,    (K. 
pneumoniae, E. coli, E. cloacae) [6, 26].   

       
  ,       

   [23].  
     
    -



 , 52, 2016,  1 39  

 

 

  K. pneumoniae    
      

       
 ,     

       -
      -
      -

       
 .    -

       
    -

  (   -
  )    

 Enterobacteriaceae    K. 
pneumonia .     ,   

 ,    -
  (    -
   - , 

ESBL),       -
,     , -

    imipenem  meropenem. 
      -

      1 mg/L  
imipenem   0.5 mg/L  ertapenem [20].  

 ù    -
   . M -

   Hodge   -
       -

    -
 .      -

    (meropenem, 
ertapenem)  -  , 

       -
-    E. coli 

   meropenem/ertapenem-  
        -

    . -
 CLSI   

  Hodge      -
-  Enterobacteriaceae [5]. -

     46 -
-   K. pneumoniae -
,    Hodge     

      
  .     

    C. Seah  , 
  27  K. pneumoniae  -
   -  -

 [25].       
,     ESBL  

AmpC -      -
    , 

,     , 
     -

     Hodge  
    -

   -  ( -
 CTX-M)  AmpC  [4, 21, 22]. 

    
    Hodge  NDM-1- -

 Enterobacteriaceae [10, 25].    
  ,   NDM-1 
-     - -
 ,    

Enterobacteriaceae (   K. pneumoniae  
E. coli),     

  Hodge       
   ,   -

      NDM 
.     Hodge 

  MBL  Enterobacteriaceae 
 D. Doyle  ,  -

 98%  93%     
KPC  OXA-48 ,   12%  -

  MBL  [7]. 
 2013 . EUCAST    

     boronic 
acid, dipicolinic acid, EDTA  cloxacillin   

      
Enterobactericeae [9].    

- -  (MBLs) (   ) 
       -

     EDTA  dipicolinic acid. 
  -    -

    ( )  -
   ( ),      -

  MBL   -
  ,   

      
  (   )  

       
  (imipenem, meropenem, ertape-

nem),       -
 .     -

   ,    
       

[16].     EUCAST e -
  5 mm      

meropenem (10 mg)   meropenem + EDTA 
(0.25 M)       

  MBL [11]. ,  
  KPC  (  )    

   boronic acid   -
    .   MBLs  

        -
 –   .    -
       KPC 

 [13].     
       

 ,     -
  AmpC -  ( -

)      -



40 .  ...         ... 

 

 

.     ,  boronic acid 
    AmpC  [2], 

      
boronic acid   cloxacillin,   -

   ,  
      -

.      
boronic acid, dipicolinic acid  EDTA  -

    cloxacillin  -
    :   

KPC  MBL (VIM-1),     
     imipenem,   mero-

penem     .  
   cloxacillin    

AmpC     -
,       

( -2). 
     K. pneu-

moniae    KPC-2  
VIM-1 ,   

     boronic 
acid  dipicolinic acid/EDTA.    
K. pneumoniae,    
KPC  MBL ,     -

 ( , , ) [13].  
      , 
      -
        

       
     [18]. EUCAST 

    merope-
nem,     -

 (EDTA/dipicolinic acid  phenylboronic 
acid/aminophenylboronic acid)    

,   -
      [9]. 

     
  D ,   

     -
  K. pneumoniae,   -48 

.    
EUCAST,    -48 

    temocillin  - -
      temocillin 

(  > 32 mg/L)     < 11 mm. 
-48    -
    ,    

       -
        

  .     -
  -48 ,    

      
    . -

       D 
 ( -48)    

    -   -

 Hodge ,    -
–     ,    -

 .    
     -

 (PCR, ),    
      Enterobac-

teriaceae,    .  

 
 ,    -

  -    
 ,     -

       ,    
 D (     -

).        
      

Hodge    -48 . -
  (Hodge , , )  

     
-     -

     -
    -

      -
       ESBLs. 

     
    Hodge  -
 ,     
 ,      

     K. 
pneumoniae,   ,  

,       
    -

 ,    -
.     

      -
  ,   -

    
 (PCR, Realtime PCR,  
, ),    -

     . 
     -

      
.  

 
 

1. , T., . , . , . , . 
, . , . .   -

      -
    Klebsiella pneumonia . XIII 

      -
      -
,  16-18  2015 . 

2. B e e s l e y , T., . Gascoyne, Knott-Hunziker t al. The inhi-
bition of class C beta -lactamases by boronic acids. Biochem 
J., 209, 1983, 229-233. 

3. B o r e r , A., L. Saidel-Odes, K. Riesenberg et al. Attribu-
table mortality rate for carbapenem-resistant Klebsiella 



 , 52, 2016,  1 41  

 

 

pneumoniae bacteremia. Infect Control Hosp Epidemiol., 30, 
2009, 72-976. 

4. C a r v a l h a e s , C., R. Picao, A. Nicoletti et al. Cloverleaf 
test (Modified Hodge test) for detecting carbapenemase pro-
duction in Klebsiella pneumoniae: be aware of results. J An-
timicrob Chemother., 65, 2010, 249-251. 

5. C L S I . Performance Standards for Antimicrobial Suscepti-
bility Testing; Twenty-Fourth Informational Supplement. 
CLSI document M100-S24. Wayne, PA: Clinical and Labora-
tory Standards Institute; 2014. 

6. D a u t z e n b e r g , M., J. Ossewaarde, M. de Kraker et al. 
Successful control of a hospital-wide outbreak of OXA-48 
producing Enterobacteriaceae in the Netherlands, 2009 to 
2011. Euro Surveill., 19, 2014, Pii20723. 

7. D o y l e , D., G. Peirano, C. Lascols et al. Laboratory detec-
tion of Enterobacteriaceae that produce carbapenemases. J 
Clin Microbiol., 50, 2012, 3877-3880.  

8. http://ecdc.europa.eu/en/healthtopics/antimicrobial_resistanc
e/database/Pages/table_reports.aspx. 
http://ecdc.europa.eu/en/publications/Publications/antimicrob
ial-resistance-surveillance-europe-2013.pdf 

9. E U C A S T  guidelines for detection of resistance mecha-
nisms and specific resistances of clinical and/or epidemiol-
ogical importance. Version 1.0, December 2013. 
http://www.eucast.org. 

10. G i r l i c h , D., L. Poirel, P. Nordmann. Value of the modified 
Hodge test for detection of emerging carbapenemases in 
Enterobacteriaceae. J Clin Microbiol., 50, 2012, 477-479. 

11. G i r l i c h , D., D. Halimi, G. Zambardi et al. Evaluation of E 
test MBL strips for detection of KPC and metallo-
carbapenemases in Enterobacteriaceae. Diagn Microbiol In-
fect Dis., 77, 2013, 200-201. 

12. H i r s c h , E., V. Tam. Detection and treatment options for 
Klebsiella pneumoniae carbapenemases (KPCs): an emerg-
ing cause of multidrug resistant infection. J Antimicrob 
Chemother, 65, 2010, 1119-1125.  

13. H r a b a k , J., E. Chudackova, C. Papagiannitsis. Detection 
of carbapenemases in Enterobacteriaceae: a chalange for 
diagnostic microbiological laboratories. Clin Microbiol Infect., 
20, 2014, 839-853. 

14. M a r k o v s k a , R., T. Stoeva, I. Schneider et al. Clonal 
dissemination of multilocus sequence type ST15 KPC-2-
producing Klebsiella pneumoniae in Bulgaria. APMIS, 2015 
Aug 25. doi: 10.1111/apm.12433. 

15. M a r k o v s k a , R., I. Schneider, T. Stoeva et al. First 
identification of KPC-2 and VIM-1 producing Klebsiella 
pneumoniae in Bulgaria. Diagn Microbiol Infect Dis., 77, 
2013, 252-253. 

16. M i r i a g o u , V., G. Cornaglia, M. Edelstein et al. Acquired 
carbapenemases in Gram-negative bacterial pathogens: de-
tection and surveillance issues. Clin Microbiol Infect., 16, 
2010, 112-122. 

17. M i r i a g o u , V., E. Douzinas, C. Papagiannitsis et al. 
Emergence of Serratia liquefaciens and Klebisella oxytoca 
with metallo-beta-lactamase encoding IncW plasmids: fur-
ther spread of the blaVIM-1 carrying integron In-e541. Int J An-
timicrob Agents, 32, 2008, 540-541. 

18. M i r i a g o u , V., E. Tzelepi E, S. Kotsakis et al. Combined 
disc methods for the detection of KPC- and/or VIM-positive 
Klebsiella pneumoniae: improving reliabilty for the double carba-
penemase producers. Clin Microbiol Infect., 19, 2013, 412-415. 

19. N o r d m a n n , P., L. Poirel. The difficult-to-control spread 
of carbapenemase producers among Enterobacteriaceae 
worldwide. Clin Microbiol Infect., 20, 2014, 821-830. 

20. N o r d m a n n , P, M. Gniadkowski, C. Giske et al. Identifi-
cation and screening of carbapenemase-producing Entero-
bacteriaceae. Clin Microbiol Infect., 18, 2012, 432-438. 

21. P a s t e r a n , F., T. Mendez, L. Guerriero et al. Sensitive 
Screening tests for suspected Class A carbapenemase pro-
duction in species Enterobacteriaceae. J Clin Microbiol., 47, 
2009, 1631-1639. 

22. P a s t e r a n , F., T. Mendez, M. Rapoport M et al. Control-
ling false-positive results obtained with the Hodge and Ma-
suda assays for detection of class A carbapenemases in 
species of Enterobacteriaceae by incorporating boronic acid. 
J Clin Microbiol., 48, 2010, 1323-1332. 

23. P o i r e l , L., A. Potron, P. Nordmann. OXA-48-like carbap-
enemases: the phantom menace. J Antimicrob Chemother., 
67, 2012, 1597-1606.  

24. P s i c h o g i o u , M., P. Tassios, A. Avlamis et al. Ongoing 
epidemic of blaVIM-1 – positive Klebsiella pneumoniae in Ath-
ens, Greece: a prospective survey. J Antimicrob Chemo-
ther., 61, 2008, 59-63. 

25. S e a h , C., D. Low, S. Patel et al. Comparative evaluation 
of a chromogenic agar medium, the modified Hodge test, 
and a battery of meropenem-inhibitor discs for detection of 
carbapenemase activity in Enterobacteriaceae. J Clin Micro-
biol., 49, 2011, 1965-1969.  

26. T h o m a s , C., L. Moore, N. Elamin et al. Early (2008-2010) 
hospital outbreak of Klebsiella pneumoniae producing OXA-
48 carbapenemase in the UK. Int J Antimicrob Agents, 42, 
2013, 531-536. 

27. Y i g i t , H., A. Queenan, G. Anderson et al. Novel carbap-
enem-hydrolyzing beta-lactamase, KPC-I, from a carbap-
enem-resistant strain of Klebsiella pneumoniae. Antimicrob 
Agent Chemother., 45, 2001, 1151-1161. 

28. Y o n g , D., M. Toleman, C. Giske et al. Characterization of 
a new metallo-beta-lactamese gene, blaNDM-I, and a novel 
erythromycin esterase gene carried on a unique genetic 
structure in Klebsiella pneumoniae sequence type 14 from 
India. Antimicrob Agent Chemother., 53, 2009, 5046-5054. 

    15  2015 . 


