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Summary:  We aimed to study the etiology and antimicrobial resistance of the most fre-
quently isolated bacterial pathogens of bloodstream infections in patients with 
hematological malignancies from the Hematology Department at University 
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Hospital “Sv. Marina”, Varna, during the period 2010-2014. A total of 144 clini-
cally significant bacterial isolates were obtained from blood cultures, collected 
from 144 patients. Gram-negative bacteria were detected in 54.7% with E. coli 
(18.8%), Klebsiella pneumoniae (10.4%) and Enterobacter spp. (8.3%) being 
the dominant pathogens. Gram-positive bacteria were found in 38% of cases 
and were represented mainly by Staphylococcus aureus (26.4%) and Entero-
coccus spp. (6.8%). Candida spp. were isolated in 7.6% of patients. The rates of 
extended-spectrum -lactamases (ESBL) producers in Enterobacteriacae were 
as follows: 25% for Enterobacter spp., 67% for Klebsiella pneumoniae and 
73.3% for E. coli. The carbapenems (imipenem, meropenem) demonstrated 
preserved activity against Enterobacteriacae (no resistance detected). The re-
sistance rate of E. coli and K. pneumoniae isolates to quinolones was 40.7% 
and 67% respectively. Amikacin was more active against E. coli, K. pneumonia  
and Enterobacter spp. (0-6.6% resistance) than gentamicin (25-80% resis-
tance). Methicillin-resistant Staphylococcus aureus (MRSA) isolates were identi-
fied in 10.5% of cases. All nterococcus faecium isolates were resistant to 
ciprofloxacin. High resistance rate to quinolones was found in Enterococcus 
faecalis (66.6%). Among staphylococci and enterococci, no resistance to glyco-
peptide antibiotics was detected. This study demonstrated the predominance of 
Gram(–) negative bacteria in the etiology of bloodstream infections in patients 
with hematological malignancies and the emergence of difficult to treat multi-
drug resistant organisms, a phenomenon that reflects the increasing antimicro-
bial resistance in the community.  
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    E. coli (18.8%), Kleb-
siella pneumoniae (10.4%), Enterobacter spp. 
(8.3%)  Pseudomonas aeruginosa (6.9%). 

(+)     38%  
      Staphylococ-

cus aureus (26.4%)  Enterococcus spp. (6.8%). -
-      2% 

     Staphylococcus epidermidis. 
    

Candida  Cryptococcus    -  
     

      – 
7.6%.       Candi-
da e   C. albicans. -

 ,    non-albicans -
 (C. parapsilosis, C. guillermondii). 

 1.      
      

  2010-2015 . 

 % ( ) 
  , 
  ,  

100% (n = 144) 

-  ,  54.7% (n = 77) 
Escherichia coli 18.8 (n = 27) 
Klebsiella pneumoniae 10.4 (n = 15) 
Enterobacter spp. 8.3 (n = 12) 
Pseudomonas aeruginosa 6.9 (n = 10) 
Acinetobacter baumannii 4.1 (n = 4) 
Serratia marcescens 2.0 (n = 3) 
Salmonella enteritidis 1.4 (n = 2) 
Yersinia enterocolitica 0.7 (n = 1) 
Haemophilus influenzae 0.7 (n = 1) 
Pseudomonas stutzeri 0.7 (n = 1) 
Stenotrophomonas maltophilia 0.7 (n = 1) 

-  ,  38.0% (n = 55) 
Staphylococcus aureus 26.4 (n = 38) 
Enterococcus spp. 6.8 (n = 10) 
Staphylococcus epidermidis 2.0 (n = 3) 

-  (non group A) 1.4 (n = 2) 
Listeria monocytogenes 1.4 (n = 2) 

 ,  0.7% (n = 1) 
Bacteroides fragilis 0.7 (n = 1) 

,  7.6 % (n = 11) 
Candida spp. 6.9 (n = 10) 
Cryptococcus uniguttulatus 0.7 (n = 1) 
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0%  6.6%.   Pseudomonas aerugi-
nosa      -

    -
: 20%   piperacillin, pi-

peracillin/tazobactam, ceftazidime  gentamicin. 
   , 

amikacin  colistin     -
      .  

 
   

(+)  
  -  (+) -

 (Staphylococcus aureus, Enterococcus spp.) 

     
    . 3.   
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10.5%.   ampicillin   
    16.6%  E. faecalis 

 100%  . faecium; 100%   . fae-
cium    ciprofloxacin    -

     gentamicin.  
       

 E. faecalis (66.6%).    
   ,  
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teicoplanin. 

 
 

 2.   (  %)  -  (–)  ,    
  

-  
 (n, ) 

PIP TZP  CTX/CAZ 
(ESBL) 

IMP/MEM G AK CIP LVF COL 

Escherichia coli 
(n = 27) 

 –   –  73.3 
(n = 20) 

0.0 40.7 
(n = 11) 

3.7 
(n = 1) 

50.0 
(n = 13) 

40.7 
(n = 11) 

 –  

Klebsiella pneumoniae 
(n = 15) 

 –   –  67.0 
(n = 10) 

0.0 80.0 
(n = 12) 

6.6 
(n = 1) 

67.0 
(n = 10) 

67.0 
(n = 10) 

 –  

Enterobacter spp. 
(n = 12) 

 –   –  25.0 
(n = 3) 

0.0 25.0 
(n = 3) 

0.0 0.0 0.0  –  

Pseudomonas 
aeruginosa 
(n = 10) 

20.0 
(n = 2)

20.0 
(n = 2) 

20.0 
(n = 2) 

0.0 20.0 
(n = 2) 

0.0 0.0 0.0 0.0 

PIP – piperacillin; TZP – piperacillin/tazobactam; CAZ – ceftazidime; CTX – cefotaxime (      
ESBLs); ESBL – a - a (extended spectrum -lactamase); IMP – imipenem; MEM – meropenem; G – 
gentamicin; AK – amikacin; CIP – ciprofloxacin; LVF – levofloxacin; COL – colistin 
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AMP FOX AMC G V TEI CIP G120 

Staphylococcus aureus 
(n = 38) 

– 
10.5 

(n = 4) 
10.5 

(n = 4) 
7.9 

(n = 3) 
0.0 0.0 7.9 

(n = 3) 
– 

Enterococcus faecalis 
(n = 6) 

16.6 
(n = 1) 

– 
16.6 

(n = 1) 
– 0.0 0.0 66.6 

(n = 4) 
66.6 

(n = 4) 

Enterococcus faecium 
(n = 4) 

100 
(n = 4) 

– 
100 

(n = 4) 
– 0.0 0.0 100 

(n = 4) 
100 

(n = 4) 

AMP – ampicillin; FOX – cefoxitin (      ); AMC – amoxicillin/clavulanic acid; 
G – gentamicin; V – vancomycin, TEI – teicoplanin, CIP – ciprofloxacin; G120 – gentamicin 120 mg –     -
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Listeria monocytogenes, Yersinia enterocolitica  
Salmonella enteritidis ( . 1).  -
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, ,    
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    Yersinia enterocolitica  Sal-

monella spp. (     
      ) 
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     . -

     -
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,         

     
    . -

     -
 (MDR)  (   
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,       -
     , -

  MDR .  
 

(–) ,   
  -  
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 (ESBL)   Enterobacteriacae (E. 

coli, K. pneumoniae)  ,  -
  . -

      
   ,  -

  (imipenem, meropenem)  
     -

,   .    ESBL-

 (–)   
   ,   -

       
  [3, 25].   -

      
      -

      
(   ESBL )  E. coli, K. pneu-
moniae  Enterobacter spp. –  -

        
. -   MDR ( -

 ESBL) -  -
  E. coli (73.3%),   K. pneumoniae 

(67%)  Enterobacter spp. (25%).    
     -

      , 
  ESBL-  . -

   ,  
 ,   

  ESBL Enterobacteriacae (E. coli, K. pneumo-
niae, Enterobacter spp.)  12.6%  58% [8, 10, 
14, 22, 24].  

       -
,   European Antimicrobial Resistance 

Surveillance Network (EARS Net)  2013 .:  
 ESBL-  E. coli,   

  ,    
,     5.4%    

40.6%  ,    ESBL K. pneumo-
niae – o  3.8%    71%  -

.     ,    
    ,    

 -     
     (ceftri-

axone, ceftazidime, cefotaxime)   E. coli  
K. pneumoniae   [27]. 

 ,   -
    2013-2014 .,  

  -  K. pneumo-
niae     , -

    [2].   
 23%  2014 . (  -

  ).    
   -  -

 K. pneumoniae      . 
  2009-2012 .     

     
   -

  ,   -   
,    ( ),   

  60.5% [27].    
 ,     

     -
  ,    -

 (–) .  
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 (–)  

     -
      

 -   (–)  
, E. coli  K. pneumoniae –   40%. 

      -
       

,   ,  
    -

   Enterobacteriaceae  -
 45  91% [5, 8, 12, 17, 22, 24].  ,  

    (cipro-
floxacin)       

  .  ,  
    -

       -
  -    

 ,     
  ,   -

 -   MRSA [18].  
 -     

Enterobacteri cae      
  -   

     , 
       

.  
 

   
 Staphylococcus spp. 

-  S. aureus (MRSA) 
   ,   , 

     -
  . MRSA     
    -

       
 vancomycin  teicoplanin. -

     MRSA (10.5%)  -  
       -

: 18%  , 30.2%  , 36% 
   48.4%    [12, 15, 20, 

24].      -
 vancomycin  teicoplanin  
,    -

   -   -
 -  .  
 

   
 Enterococcus spp. 

 ,    
,      -

  vancomycin  teico-
planin   Enterococcus spp. -

    -
      -

,   vancomycin  -
 (VRE)    [6, 13]. 

     -
 ,   VRE  

      -
 30    (53.5%  

 ) [6, 13].   
     -

     -
  vancomycin: 1% – ; 7.5% – -

; 13% –  [12, 16, 24].   
     -

     28  
  2013 .   0%    

,     42.7%  , 
        -

  –  (21%) [27].    
    ,   -

     -
,       

     -
       , -

   .  

 
   -

  (–)    
        

    
    -

 , ,   -
     -

  .  
 

 

1.  ., . , . , . , . 
.     

       
. , 2006, 1: 16-21. 

2. , T., . , . , . , . 
, . , . .   -

      -
    Klebsiella pneumonia . XIII 

      -
      

,  16-18  2015 :  19. 
3. B e l l , J. M., J. D. Turnige, A. C. Gales et al. Prevalence of 

extended-spectrum beta-lactamase (ESBL) – producing 
clinical isolates in the Asia-Pacific region and South Africa: 
regional results from SENTRY Antimicrobial Surveillance 
Program (1998-99). Diagn Microbiol Infect Dis, 42, 2002, No 
3, 193-198.  

4. B e n f i e l d , T., F. Espersen, N. Frimodt-Moller et al. In-
creasing incidence but decreasing in-hospital mortality of 
adult Staphylococcus aureus bacteraemia between 1981 
and 2000. Clin Microbiol Infect, 13, 2007, No 3, 257-263. 

5. B h u s a l , Y., C. N. Mihu, J. Tarrand et al. Incidence of 
fluoroquinolone-resistant and extended-spectrum -lactama-
se – producing Escherichia coli at a comprehensive cancer 



.  …       ... 45  

 

 

center in the United States. Chemother, 57, 2011, No 4, 
335-338. 

6. B o s s a e r , J. B., P. D. Hall PD, E. Garrett-Mayer E. Inci-
dence of vancomycin-resistant enterococci (VRE) infection 
in high-risk febrile neutropenic patients colonized with VRE. 
Support Care Cancer, 19, 2010, No 2, 231-237.  

7. C a t t a n e o , C., F. Antoniazzi, S. Casari et al. P. aerugi-
nosa bloodstream infections among hematological patients: 
an old or new question? Ann Hematol, 91, 2012, No 8, 1299-
1304.  

8. C h o n g , Y., H. Yakushiji, Y. Ito et al. Clinical impact of 
fluoroquinolone prophylaxis in neutropenic patients with he-
matological malignancies. Int J Infect Dis, 15, 2011, No 4, 
e277-e281. 

9. C L S I . Performance Standards for Antimicrobial Suscepti-
bility Testing. Twenty-Third Informational Supplement. CLSI 
document M100 – S23. Wayne, PA: Clinical and Laboratory 
Standards Institute, 2013.  

10. G u d i o l , C., L. Calatayud, C. Garcia-Vidal et al. Bacte-
raemia due to extended-spectrum beta-lactamase-producing 
Escherichia coli (ESBL-EC) in cancer patients: clinical fea-
tures, risk factors, molecular epidemiology and outcome. J 
Antimicrob Chemother, 65, 2010, No 2, 333-341.  

11. G u d i o l , C., M. Bodro, A. Simonetti A et al. Changing 
aetiology, clinical features, antimicrobial resistance, and out-
comes of bloodstream infection in neutropenic cancer pa-
tients. Clin Microbiol Infect, 19, 2013, No5, 474-479. 

12. I r f a n , S., F. Idrees, V. Mehraj et al. Emergence of Car-
bapenem resistant Gram negative and vancomycin resistant 
Gram positive organisms in bacteremic isolates of febrile 
neutropenic patients: a descriptive study. BMC Infect Dis, 8, 
2008, 80. 

13. K a m b o j , M., D. Chung, S. K. Seo et al. The changing 
epidemiology of vancomycin-resistant Enterococcus (VRE) 
bacteremia in allogeneic hematopoietic stem cell transplant 
(HSCT) recipients. Biol Blood Marrow Transplant, 16, 2010, 
No 11, 1576-1581.  

14. K a n g , C. I., D. R. Chung, K. S. Ko et al. Risk factors for 
infection and treatment outcome of extended-spectrum -
lactamase-producing Escherichia coli and Klebsiella pneu-
moniae bacteremia in patients with hematologic malignancy. 
Ann Hematol, 91, 2012, No 1, 115-121. 

15. K a n g , C. I., J. H. Song, D. R. Chung et al. Bloodstream 
infections in adult patients with cancer: clinical features and 
pathogenic significance of Staphylococcus aureus bactere-
mia. Support Care Cancer, 20, 2012, No 10, 2371-2378. 

16. K j e l l a n d e r , C., M. Björkholm, H. Cherif et al. Hemato-
logical: low all-cause mortality and low occurrence of antim-
icrobial resistance in hematological patients with bacteremia 
receiving no antibacterial prophylaxis: a single-center study. 
Eur J Haematol, 88, 2012, No 5, 422-430. 

17. M i h u , C. N., P. R. Rhomberg, R. N. Jones et al. Escheri-
chia coli resistance to quinolones at a comprehensive can-
cer center. Diagn Microbiol Infect Dis, 67, 2010, No 3, 266-
269.  

18. M o n t a s s i e r , E., E. Batard, T. Gastinne et al. Recent 
changes in bacteremia in patients with cancer: a sys-
tematic review of epidemiology and antibiotic resistance. 
Eur J Clin Microbiol Infect Dis, 32, 2013, No 7, 841-850. 

19. P a g a n o , L., M. Caira, G. Rossi et al. Hema e-Chart Group, 
Italy. A prospective survey of febrile events in hematological 
malignancies. Ann Hematol, 91, 2012, No 5, 767-74.  

20. P r a b h a s h , K., A. Medhekar, N. Ghadyalpatil et al. Blood 
stream infections in cancer patients: a single center experi-
ence of isolates and sensitivity pattern. Indian J Cancer, 47, 
2010, No 2, 84-188.  

21. S a g h i r , S., M. Faiz, M. Saleem et al. Characterization 
and anti-microbial susceptibility of Gram-negative bacteria 
isolated from bloodstream infections of cancer patients on 
chemotherapy in Pakistan. Indian J Med, 27, 2009, No 4, 
341-347. 

22. T r e c a r i c h i , E. M., M. Tumbarello, T. Spanu et al. Inci-
dence and clinical impact of extended-spectrum-beta-
lactamase (ESBL) production and fluoroquinolone resistance 
in bloodstream infections caused by Escherichia coli in pa-
tients with hematological malignancies. J Infect, 58, 2009, 
No 4, 299-307. 

23. T r e c a r i c h i , E. M., M. Tumbarello. Antimicrobial-
resistant Gram-negative bacteria in febrile neutropenic pa-
tients with cancer: current epidemiology and clinical impact. 
Curr Opin Infect Dis, 27, 2014, No 2, 200-10. 

24. T r e c a r i c h i ,  E. M., L. Pagano, A. Candoni, et al. Cur-
rent epidemiology and antimicrobial resistance data for bac-
terial bloodstream infections in patients with hematologic 
malignancies: an Italian multicenter prospective survey. Clin 
Microbiol Infect, 21, 2015, No 4, 337-343. 

25. V a h a b o g l u , H., R. Ozturk, G. Aygun et al. Widespread 
detection of PER-1-type extended-spectrum beta-
lactamases among nosocomial Acinetobacter and Pseudo-
monas aeruginosa isolates in Turkey: a nationwide multicen-
ter study. Antimicrob Agents Chemother, 41, 1997, No 10, 
2265-2269. 

26. W i s p l i n g h o f f , H., H. Seifert, R. P. Wenzel et al. Cur-
rent Trends in the Epidemiology of Nosocomial Bloodstream 
Infections in Patients with Hematological Malignancies and 
Solid Neoplasms in Hospitals in the United States. Clin In-
fect Dis, 36, 2003, No 9, 1103-10. 

27. http://ecdc.europa.eu/en/healthtopics/antimicrobial_resistanc
e/database/Pages/graph_reports.aspx. 

 

    29  2015 . 


