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ABSTRACT 
 

Antibiotic therapy in hematologic patients, often weak and susceptible to a wide range of infections, 

particularly nosocomial infections derived from long hospitalization periods, is a challenging issue. This 

paper presents ESBL-producing strains isolated from such hematologic patients treated at the Amazon 

Hematology and Hemotherapy Foundation (HEMOAM) in the Brazilian Amazon Region to identify the 

ESBL genes carried by them as well as the susceptibility to 11 antimicrobial agents using the E-test method. 

A total of 146 clinical samples were obtained from July 2007 to August 2008, when 17 gram-negative 

strains were isolated in our institution. The most frequent isolates confirmed by biochemical tests and 16S 

rRNA sequencing were E. coli (8/17), Serratia spp. (3/17) and B.cepacia (2/17).  

All gram-negative strains were tested for extended-spectrum-beta-lactamases (ESBLs), where: (12/17) 

strains carried ESBL; among these, (8/12) isolates carried blaTEM, blaCTX-M, blaOXA , blaSHV genes, (1/12) 

blaTEM gene and (3/12) blaTEM, blaCTX-M,  blaOXA genes. Antibiotic resistance was found in (15/17) of the 

isolates for tetracycline, (12/17) for ciprofloxacin, (1/17) resistance for cefoxitin and chloramphenicol, 

(1/17) for amikacin and (3/17) cefepime. This research showed the presence of gram-negative ESBL-

producing bacteria infecting hematologic patients in HEMOAM. These strains carried the blaTEM, blaSHV,  

blaCTX-M  and  blaOXA genes and were resistant to different antibiotics used in the treatment. This finding was 

based on a period of 13 months, during which clinical samples from specific populations were obtained. 

Therefore, caution is required when generalizing the results that must be based on posological orientations 

and new breakpoints for disk diffusion and microdilution published by CLSI 2010. 
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INTRODUCTION 

 

Extended-spectrum beta-lactamases (ESBL) are enzymes 

produced by gram-negative bacteria such as Klebsiella 

pneumoniae and Escherichia coli (24) as well as by species 

from other genera, such as Enterobacter sp., Salmonella sp., 

Proteus sp., Serratia marcescens, Shigella dysenteriae, 

Pseudomonas aeruginosa, and Burkholderia cepacia (2, 3, 31, 

26). 

 ESBLs originate from punctual genetic mutations in the 

active sites of the TEM-1, TEM-2, and SHV-1 enzymes (3, 10, 

12, 31, 19, 23, 26, 34), which enable the hydrolysis of 

extended-spectrum cephalosporins, monobactams, penicillins. 

(2, 3, 5, 9, 11, 12, 27, 30). However, these plasmid mediated 

enzymes have their activity inhibited by clavulanic acid, 

tazobactam and sulbactam. Another important epidemiological 

characteristic is the possibility of these enzymes being 

transferred to other species via plasmids or transposons (2, 3, 5, 

6, 9, 11, 12, 21, 27, 28, 30, 34). 

The emergence of ESBL-producing bacteria, responsible 

for infectious processes with high levels of morbidity and 

mortality has complicated the therapeutic options available for 

elderly, immunocompromised, and debilitated individuals (4, 

31). The prevalence of ESBLs among clinical isolates varies 

according to countries and institutions (31). In the United 

States, the presence of these enzymes among 

Enterobacteriaceae has increased from 0% to 25%, with a 

national average of 3%, whereas the percentage of Klebsiella 

sp. has demonstrated an increased resistance from 5% to 10% 

to ceftazidime (6).  

In other countries, such as Switzerland, the frequency of 

ESBL-producing bacteria varies from 3% to 8%, whereas it is 

34% in Portugal, 4.8% in Korea, 8.5% in Taiwan, 12% in Hong 

Kong, and 58% in Turkey. In Latin America, studies have 

reported frequencies ranging from 30% to 60% (6, 21). The 

prevalence of ESBL resistance to antibiotics in Brazil has 

reached 45.4%, 65% of which stand for K. pneumoniae and E. 

coli, which is considered one of the highest levels in the world. 

For the city of Manaus, in the State of Amazonas, Brazil, no 

published data is found regarding the prevalence of such 

bacteria (3, 5).  

ESBL-producing bacteria are responsible for serious 

infectious processes, commonly associated with outbreaks of 

nosocomial infections. This situation is relevant as most 

patients with hematologic diseases undergo chemotherapy that 

can lead to a deficient immune response. These medical 

conditions can lead to prolonged hospitalization, elevation of 

the risks of mortality and morbidity, and increased treatment 

costs. 

This study therefore aimed to detect ESBL-producing 

strains isolated from such hematologic patients treated at the 

HEMOAM in the Brazilian Amazon region to identify the 

ESBL genes carried by them and susceptibility to 11 

antimicrobial agents using the E-test method.  

 

MATERIALS AND METHODS 

 

The study was approved by the HEMOAM Ethics 

Committee (Approval number 170 CAAE- 0005.0.112.000-06 

-Version 003/06). An informed consent was obtained from 

each patient before specimens were collected and the results 

were used for the management of each respective patient. 

We conducted a descriptive cross-sectional study 

including patients of both sexes at any age who had been 

admitted to the HEMOAM Foundation in the city of Manaus, 

State of Amazonas, with prior diagnosis of hematologic 

disease, presenting clinical signs and symptoms suggestive of 

acute gram-negative bacterial infection, whether feverish or 

not, or having developed fever during hospital stay in the 

period from July 2007 to August 2008.  

Gram-negative bacteria strains were identified using 

colonial morphology on blood, MacConkey, Eosin Methylene 

Blue (EMB), and Mueller-Hinton agar plates (Himedia- 

Hexasystems, Mumbai, India), followed by biochemical panels 
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like NF II Kit, enterokit C, and enterokit B (Probac, São Paulo, 

Brazil). Other tests, such as urease, oxidase, glucose, mannose, 

lactose, and maltose fermentation, were also performed. The 

16S rRNA protocol with the bacterial primers 27F (5�-

GAGTTTGATCCTGGCTCAG-3�) and 1492R (5�-

GGTTACCTTGTTAC GACTT-3�) (Invitrogen, Carlsbad, CA, 

USA) with a product size around 900 bp, were performed to 

confirm genus and species (17). 

The sequence analysis of the 16S rRNA region was 

compared with GenBank data using BLAST search with the 

MegaBLAST algorithm for identifying high-similarity 

sequences. The sequences with the highest levels of similarity 

were considered as being consistent for species identified by 

the biochemical tests. 

The antibiotics E-test® strips representing common drugs 

used in the treatment of suspected gram-negative bacterial 

infections in our hospital were chosen for antimicrobial testing. 

Strips included tetracycline, ceftazidime, cefoxitin, 

chloramphenicol, cefepime, and amikacin (0.016–256.0 

µg/mL), and ciprofloxacin and imipenem (0.002–32.00 

µg/mL). 

 Test organisms were suspended in 0.8% saline to 0.5 

McFarland standards and then inoculated on Mueller-Hinton 

agar plates, followed by overnight incubation at 37°C for 18–

24 hours. Interpretation was performed using guidelines laid 

down in the Clinical and Laboratory Standards (CLSI; Wayne, 

Pennsylvania, USA) manual, which provides break points 

corresponding to the diameter of the zone of inhibition. 

The isolates were screened for the production of ESBL by 

the E-test® method with the antibiotics cefotaxime (0.25–16 

�g/mL)/cefotaxime (0.016–1 �g/mL) plus 4 �g/mL clavulanic 

acid, ceftazidime (0.5–32 �g/mL) /ceftazidime (0.064–4 

�g/mL) plus 4 �g/mL clavulanic acid, following 

manufacturer’s recommendations (7). Strains of E. coli ATCC 

25922 and K. pneumoniae ATCC 700603 were used as quality 

controls for culture media, susceptibility tests, PCR and the 

ESBL-production E-test®.  

The bacteria deemed as positive for ESBL-production 

were inoculated in 5 ml of Luria-Bertani (LB) broth with 

ampicillin (50 µg/mL) and incubated at 37°C for 16 hours for 

plasmid extraction following the protocol described in the Kit 

Wizard® Plus SV Minipreps-DNA purification System 

(Promega®; Madison, WI, USA).  

Electrophoresis was performed in 0.8% agarose gel 

stained with SYBR Safe (Invitrogen, Carlsbad, CA, USA) for 

the identification of plasmid sizes. The Supercoiled Loading 

Dye Ladder 2-16 Kb (Promega®) was used as a standard 

molecular weight. Data were filed by using Excel programs. 

ESBL isolates were preserved for future molecular analysis. 

PCR amplification for the detection of chromosomal beta-

lactamase resistance AmpC type in Pseudomonas spp. isolates 

was not included in our study. 

The Polimerase Chain Reaction (PCR) assay to 

amplification and detection of the blaTEM, blaSHV, blaCTX-M and 

blaOXA was carried out in a final volume reaction of 25µl using 

1X buffer, MgCl2 (1.5µM), dNTP (0.2mM), DNA Taq 

polimerase (1U) (Invitrogen), 0.5µM of each primer TEM-F, 

TEM-R, SHV-F, SHV-R, blaCTX-M-F, blaCTX-M-R,  blaOXA-F, 

blaOXA-R and 5µl of plasmidial DNA. Cycling parameters were 

previously described (Table 2). The amplified products 

obtained have not been sequenced up to the present moment.  

 

Table 1. Frequency of hematologic diseases diagnosed in this study 

Hematologic disease n 
Acute lymphocytic leukemia  36 
Acute myeloid leukemia 6 
Sickle cell anemia 4 
Pancytopenia 4 
Chronic myeloid leukemia 3 
Chronic lymphocytic leukemia 3 
Hemophilia 2 
Multiple myeloma 2 
Others� 9 
Total 69 
� Hypofibrinogenemia + hemophilia (2/9), Thalassemia (1/9), aplastic anemia 
(1/9), thrombocytopenic idiopathic purpura (1/9), acute hemolytic anemia (1/9), 
lymphoma (1/9), unidentified leucopenic disease (1/9), myelodysplastic
syndrome (1/9) 
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Table 2. Primer sequence and PCR conditions 

 

 

RESULTS 

 

A total of 146 clinical samples were obtained from 69 

patients over a period of thirteen months. These samples 

included the following: urine, pus, blood, marrow aspirate, 

sputum, feces, abscesses, and oropharyngeal and 

nasopharyngeal swabs. The strains isolated from different 

specimen type are presented in Table 5. In relation to gender, 

(35/69) were male and (34/69) were female. Among the 

collected samples, we isolated 44 bacterial strains, 17 of which 

were gram-negative. The most frequent hematological diseases 

in the patients were acute lymphocytic leukemia (36/69) and  

acute myeloid leukemia (6/69) (Table 1).  

 

Table 5. Strains isolated from different specimen type detected 

from patients with infections 

Specimen types Isolates 

Blood 

K. pneumoniae, E. coli, 
Pseudomonas sp., P. stutzery, 

Serratia sp., B. cepacia 
 

Urine E. coli 

feces E. coli 

Eye secretion Pseudomonas aeruginosa 

Biochemical tests and 16S rRNA sequencing detected E. 

coli (8/17), followed by Serratia sp. (2/17), Serratia 

liquefaciens (1/17) and B. cepacia (2/17) as the most frequent 

gram-negative strains. All the strains were tested for the 

production of ESBL and the E-test showed that (12/17) were 

ESBL producers (Table 3).  All of them had their plasmid 

extracted and the molecular weights were 3.5, 7 and >15 Kb. 

The PCR assay showed that that (8/12) isolates carried blaTEM, 

blaCTX-M, blaOXA , blaSHV genes, (1/12) blaTEM gene and (3/12) 

blaTEM, blaCTX-M,  blaOXA genes.  

As presented in Table 4, the results from antimicrobial 

susceptibility tests  demonstrated antibiotic resistance in 

(15/17) of the isolates for tetracycline, (12/17) for 

ciprofloxacin, (1/17) resistance for cefoxitin/chloramphenicol, 

and (1/17) for amikacin and (3/17) for cefepime.   

Data regarding the molecular epidemiology of ESBL 

clonality and PCR amplification for the detection of 

chromosomal beta-lactamase resistance AmpC type in 

Pseudomonas spp. isolates have not been presented so far, but 

we believe that this will not expressively impact on this study 

as it was aimed to detect ESBL-producing strains in 

hematologic patients only. Our finding was based on a period 

of 13 months, during which clinical samples were obtained 

from a specific population. Therefore, caution is required when 

Primers Oligonucleotide  sequence 
(5’to 3’) PCR conditions Reference Expected size 

(bp) 
TEM-F ATGAGTATTCAACATTTCCG 

TEM-R CTGACAGTTACCAATGCTTA 

1 cycle of 5 min at 96oC; 35 cycles of 
1min at 96ºC; 1min at 58 ºC; 1min at 
72 ºC ; 1 cycle of 10 min at 72oC 

14 867 

SHV-F GGTTATGCGTTATATTCGCC 

SHV-R TTAGCGTTGCCAGTGCTC 

1 cycle of 5min at 96 ºC; 35 cycles of 
1min at 96 ºC, 1min at 60oC, 1min at 
72 ºC; 1 cycle of 10 min at 72 ºC 

14 867 

CTX-M-F ATGTGCAGYACCAGTAARGT 

CTX-M- R TGGGTRAARTARGTSACCAGA 

1 cycle of 7min at 94oC; 35 cycles of 
50 sec at 94 ºC, 40 sec at 50 ºC, 1 min 
at 72 ºC; 1 cycle of 5min at 72 ºC. 

14 593 

OXA- F ACACAATACATATCAACTTCGC 

OXA- R AGTGTGTTTAGAATGGTGATC 

1 cycle of 5min at 96oC; 35 cycles of 
1min at 96 ºC, 1min at 60 ºC, 2 min at 
72 ºC; 1 cycle of 10 min at 72 ºC. 

14 885 
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results are generalized as they must be based on posological 

orientations and new breakpoints for disk diffusion and 

microdilution according to the CLSI 2010 manual M100-S20.  

 

Table 3. Gram-negative strains,  ESBL phenotypes and genes detected from patients with infections 

ND: Not detected 

 

Table 4. Antimicrobial Susceptibility test (E-test®) for 17 Gram-negative bacteria isolated from patients with bacterial infection 

S: susceptible; I: intermediate; R: resistant 
 

 

DISCUSSION 

 

ESBLs are enzymes that act by inhibiting the action of 

beta-lactam antibiotics (1, 25). Concerns regarding the clinical 

and epidemiological aspects of such ESBL-producing 

pathogens are related to the use of extended-spectrum 

antimicrobials such as carbapenems for their treatment (12, 

22), thus increasing treatment costs as well as patient risks due 

Identified 
Strains 

ESBL  
positive 

ESBL  
indeterminate 

ESBL 
negative Bacteria 

n n n n 

ESBL 
encoding 

gene detected by PCR 

Escherichia coli 8 6 - 2 

blatEM, blaOXA, 

blaCTX-M, blaSHV 
blaTEM, blaOXA, 

blaCTX-M. 
Klebsiella pneumoniae 1 - - 1 ND 

Serratia spp. 2 2 - - blaTEM,blaCTX-M, blaOXA. 

blaTEM 

Serratia liquefaciens 1 - 1 - ND 

Pseudomonas aeruginosa 1 - - 1 ND 

Pseudomonas stutzeri 1 1 - - blaOXA,, blaTEM 

blaCTX-M. 

Pseudomonas spp. 1 1 - - blaTEM.,blaCTX-M, blaSHV, 
blaOXA. 

Burkholderia cepacia 2 2 - - blaTEM,blaCTX-M, blaSHV, blaOXA. 
Total 17 12 1 4  

Bacteria 

E. coli K. pneumoniae Serratia spp. S. liquefaciens P. aeruginosa P. stutzeri Pseudomonas 
spp. B. cepacia Antibiotics 

S I R S I R S I R S I R S I R S I R S I R S I R 

Tetracycline - - 8 - - 1 1 - 1 - - 1 1 - - - - 1 - - 1 - - 2 

Ciprofloxacin 1 - 7 1 - - 1 - 1 1 - - 1 - - - - 1 - - 1 - - 2 

Ceftazidime 2 6 - 1 - - 1 1 - 1 - - 1 - - 1 - - - 1 - 1 1 - 

Cefoxitin 5 2 1 1 - - 1 1 - 1 - - - 1 - 1 - - - 1 - 2 - - 

Chloramphenicol 6 1 1 1 - - 2 - - 1 - - 1 - - 1 - - 1 - - 2 - - 

Amikacin 7 - 1 1 - - 2 - - 1 - - 1 - - 1 - - 1 - - 2 - - 

Imipenem 8 - - 1 - - 2 - - 1 - - 1 - - 1 - - 1 - - 2 - - 

Cefepime 3 3 2 1 - - 1 - 1 1 - - 1 - - 1 - - - 1 - 1 1 - 
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to longer hospital stay and prolonged therapy (1, 29).  

Furthermore, hematologic patients often undergo 

chemotherapy, which can lead to an immunodeficient status 

and leave these patients susceptible to a wide range of 

infections (32, 33). This is particularly important with respect 

to nosocomial infection in the hospital environment, which can 

elevate the risks of mortality and morbidity, mainly in the case 

of infections caused by ESBL-producing bacteria. 

In our study, the most frequent ESBLs-producing bacteria 

were E. coli, B. cepacia, Serratia spp., and Pseudomonas spp. 

In addition, ESBL-producing strains of E. coli and K. 

pneumoniae have also been isolated in other studies from 

patients with outbreaks of bacterial peritonitis (32), 

bloodstream infections (33) in ICU (1) from different clinical 

samples from patients in Mwanza (Tanzania) (20), in Enugu 

(Nigeria) (31), and in France, Portugal (9), Brazil (33), as well 

as several other countries (2, 13, 16, 19, 37). 

These E. coli isolated from samples of the patients point to 

the possibility of a hospital-acquired infection probably due to 

inadequate antibiotic therapy, inappropriate prescriptions 

without culture results and susceptibility testing and cross-

infections that contributed to increase the number of these 

resistant isolates (1, 10, 25, 27, 40). 

 The detection of ESBL enzymes is very important, 

because according to CLSI M100-S17 and M100-S18 (25, 27) 

criteria, these organisms should be reported as resistant to all 

extended-spectrum beta-lactam antibiotics, regardless of their 

susceptibility test results. Currently, according to CLSI M100-

S20, new interpretive criteria are available for routine ESBL 

testing (1, 25, 27).  

The reduced sensitivity to cephalosporins detected in E. 

coli strains in this study might be due to the variations in 

substratum preference, the differing accuracy between tests for 

enzyme detection, weak inhibition by clavulanic acid, or 

different combined resistance mechanisms that led either to 

reduced or no sensitivity (26, 35). This type of phenotype could 

be demonstrated in other multicenter study developed in 

Norway in 2003, in which 60% of ESBL-producing isolates 

showed reduced sensitivity to extended-spectrum 

cephalosporin, possibly indicating an increased level of 

resistance (26, 36). 

Our findings demonstrated that all the ESBL-producing 

Enterobacteriaceae were sensitive to imipenem, while 94.1% 

were sensitive to amikacin, indicating that these agents can still 

be used in the treatment of infections caused by these 

pathogens in HEMOAM. Similar results have been observed 

by Tumbarello et al. (37) in a teaching hospital in Rome 

(Italy).  

The existence of ESBL-producing Pseudomonas spp. is of 

serious concern as it stands for a pathogen with the capacity to 

acquire resistance to a wide range of clinically important 

antimicrobials and it can lead to numerous infectious 

processes. In this study, we detected 33.4% of the isolates to be 

resistant to tetracycline and ciprofloxacin (12, 25, 29). Similar 

results have been observed in India, Iran, Spain, Portugal, 

Canada, and Brazil. However, in Norway, positive CTX-M 

isolates showed reduced sensitivity only to ciprofloxacin (12, 

16, 24, 36).  

In Europe, 20% of hyperproductive ESBL isolates have 

demonstrated resistance to ceftriaxone and aztreonam, while in 

Latin America, reports show that the resistance rate is higher in 

relation to other regions of the world (12, 25). In Manaus 

(Brazil), our study provides the first data regarding the 

existence of ESBLs in clinical samples from patients. Thus, it 

is not possible to compare our results regarding the spectrum of 

antimicrobial resistance. 

The therapeutic alternative for treating infections caused 

by ESBL-positive pathogens such as Pseudomonas spp. lies in 

the use of imipenem or meropenem; however, this may 

stimulate the appearance of multiresistant strains in hospitals, 

which could lead to additional serious problems for patients as 

well as difficulties for physicians regarding viable therapeutic 

options (12, 16, 25, 39). 

The control of bacterial resistance is directly related to the 
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detection of this mechanism through laboratory and molecular 

tests as well as the implementation of rational use of antibiotics 

in hospitals (26, 39). We documented the presence of blaTEM, 

blaSHV, blaCTX-M and blaOXA genes in E.coli, Serratia spp., 

Pseudomonas spp., and  B.cepacia strains (Table 3).  

Similar results were detected in other studies such as the 

blaCTX-M gene  detected in E.coli isolates in Cambodia, Canada, 

United Kingdom (28) and in clinical outbreaks of CTX-M-15-

type in India, Spain, and Portugal (9), considered as the most 

prevalent ESBL-encoding gene worldwide, now replacing 

TEM and SHV as the predominant ESBL isolate in European 

countries (14). 

The prevalence of ESBL production in Enterobacteriaceae 

in France (18) belonged to CTX-M variants such as CTX-M-I, 

and CTX-M-9. In Spain and Portugal, they frequently detected 

TEM-24, CTX-M-15, CTX-M-32 and SHV-12. In Bulgaria, 

CTX-M-3, CTX-M-15 and SHV-12 in S.marcescens isolates 

(18). In Amsterdam, CTX-M-1, SHV-1, TEM-116 in P. 

aeruginosa and CTX-M-1, SHV-1 in S. maltophilia (22). In 

Brazil, CTX-M-14, TEM-1, CTX-M-15, OXA-1, OXA-4 and 

OXA-7 (7, 22, 23).  

The detection of the blaTEM, blaSHV, blaCTX-M and blaOXA 

genes in gram-negative isolates in this study allows us to 

consider the possibility of plasmidial resistance. Both the genes 

that encode the ESBLs and those that encode resistance to non-

beta-lactam antibiotics are frequently located in the same 

conjugative plasmid, transmitted conjunctively from one 

isolate to another, showing the ability of being separated by 

selective pressure due to the use of multiple antibiotics under 

effective control (16, 26).  

The early identification of infectious processes linked to 

the use of appropriate antimicrobials based on microbiological 

diagnosis, rational prescription of antibiotics, and effective 

control can help avoid serious hospital infections. Most 

significantly, it is important to consider the inclusion of new 

antibiotics as therapeutic choices. These measures will help the 

implementation of effective public policies for epidemiological 

surveillance and control by Brazilian health authorities in the 

State of Amazonas.  

This research showed the presence of gram-negative 

ESBL-producing bacteria infecting hematologic patients in 

HEMOAM. These strains carried the blaTEM, blaSHV,  blaCTX-M  

and  blaOXA genes and were resistant to different antibiotics 

used in the treatment. It is necessary to perform screening and 

confirmatory test for phenotypic detection of these strains in a 

routine laboratory to avoid health care failure. 
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