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Abstract 

Acinetobacter baumannii has emerged over a past decade as a leading cause of healthcare-

associated infections (HAI) as well as community-acquired infections.  A. baumannii is low grade 

pathogen but now become one of the most important pathogens in HAI, it’s rapidly evolved from 

susceptible to multidrug resistance strain.  The objectives of the study were to detect the β-lactams 

resistance genes and integrons of  A.  baumannii previously isolated from the clinical specimens 

of the patients admitted at Phramongkutklao hospital.  114 isolates of      A. baumannii from clinical 

specimens of 80 patients admitted at Phramongkutklao hospital during January to March 2008 was 

obtained from the previous study.  All of the  A. baumannii clinical isolates showed 100%  

susceptible to colistin and tigecycline.  In this study, 90.6% of    A. baumannii isolates were 

multidrug resistant (MDR) organisms, which characterized by resistance to three or more different 

classes of antibiotics.  In this study thirty isolates, were investigated for the presence of β-lactamase 

encoding genes on chromosome and plasmid of      A.  baumannii by PCR technique. The blaOXA-

51 on chromosome and plasmid were the most commonly found i.e. 100% and 86.6% of thirty 

selected isolates, respectively.  Detection of integron on chromosome and plasmid of   A.  

baumannii.  The integron class I were the most commonly found i.e. 30% and 43.3% of thirty 

selected isolates, respectively.  The result of this study indicated that environmental isolates were 

less resistance to antibiotics.  Therefore, patients, environment and ward cleaning could help to 

eliminate reservoir of A. baumannii, hence the spread of multiresistant genes.  To control the 

emergence of the MDR- A. baumannii nosocomial infection, detection of β-lactams resistance 

genes and integrons could be used to screen the epidemic and endemic strains of MDR- A. 

baumannii. 
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previously isolated from the clinical specimens of the patients admitted at Phramongkutklao 

hospital.  114 isolates of A. baumannii from clinical specimens of 80 patients admitted at 
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Introduction 

Acinetobacter baumannii has emerged over a past decade as a leading cause of healthcare-

associated infections (HAI) as well as community-acquired infections.  A. baumannii, an 

opportunistic Gram-negative coccobacillus, is previously considered as a low grade pathogen but 

now become one of the most important pathogens in HAI, due to its worldwide spread in healthcare 

settings and it’s rapidly evolved from susceptible to multidrug resistance strain (1).  Increasing 

antimicrobial resistance among A. baumannii isolates are reported from all over the world.  

Recently carbapenems- and colistin- resistance A.  baumannii have been emerged worldwide (2-

6).  A previous study in Thailand in the year 1998 showed that 4% of Acinetobacter spp. isolates 

were resistant to imipenem (7).  Since then, the incidence of imipenem-resistant Acinetobacter 
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spp. has dramatically increased to over 50% (The National Antimicrobial Resistance Surveillance 

Center of Thailand, 2007).  At Siriraj Hospital (2002), 57% of A.  baumannii isolates were resistant 

to all available antimicrobial agents and overall mortality rate of the patients infected with 

pandrug-resistant A.  baumannii was 54.7%.  At Maharat Nakhon Si Thammarat hospital, MDR 

A.  baumannii were a causative microorganism 77.3% of all A.  baumannii ventilator associated 

pneumonia (VAP) reported in 2006 (8). β-lactams resistance mechanisms of A.  baumannii are 

described as natural and acquired resistance.  Two intrinsic β-lactamases namely AmpC 

cephalosporinase and OXA-51 serine type oxacillinase contribute to the natural resistance as their 

encoding genes are chromosomally embedded (9).  Increase expression of AmpC gene and 

resistance to extended-spectrum cephalosporins are observed in the presence or an upstream IS 

element (ISAba1) (3, 6).  At Phramongkutklao Hospital, A.  baumannii is the most common 

pathogens causing hospital associated infections such as VAP, catheter related blood stream 

infection (CR-BSI) and catheter associated urinary tract infection (CAUTI).  Increasing number 

of MDR A.  baumannii isolates in the hospital raised a concern in infection control and 

dissemination of MDR A.  baumannii to the patients and hospital environment.  The present study 

aims to detect the β-lactams resistance genes in A.  baumannii previously isolated from the patients 

admitted at hospital by multiplex PCR.  The results of this study will provide information on 

genetic markers of β-lactams resistance genes which indicate the virulence factors of A.  baumannii 

isolates in the hospital and would help us to predict the impact of clinical outcomes and 

appropriately modify the treatment and infection control measures. 

Methodology 

114 isolates of A. baumannii from clinical specimens of 80 patients admitted at 

Phramongkutklao hospital during January to March 2008 was obtained from the previous study 

(10).  All A.  baumannii isolates were identified according to nosocomial surveillance system of 

Phramongkutklao hospital and determined the antibiotic susceptibility by disk diffusion technique 

according to CLSI guidelines 2012.   

Antimicrobial susceptibility of A.  baumannii will be performed by disc diffusion technique 

in accordance with guidelines established by Clinical and Laboratory Standards Institute (CLSI, 

2012).  The following antimicrobial discs will be included; Ticarcillin, Ceftriaxone, Ceftazidime, 

Amikacin, Imipenem, Meropenem, Levofloxacin, Colistin, Tigecycline and Cefoperazone/ 

sulbactam. 



The genomic DNAs will be extracted using NucleoSpin® Tissue kit and following the  

manufacturer’s instruction.  Plasmid DNA purification will be extracted using NucleoSpin® 

Plasmid DNA purification kit by following the manufacturer’s instruction.  In this study thirty 

isolates were investigated for the presence of β-lactamase encoding genes by PCR technique. The 

primer sets for β-lactam resistance genes are shown in table 1. 

Table 1. Primers used in PCR amplification 

Primers  Target  Sequence(5´ to 3´)  Product 

size  

Reference  

AmpC F  ampC  ACT TAC TTC AAC TCG CGA CG 773  11 

AmpC R    CCT TAA TGC GCT CTT CAT TTG G 
 

12  

PER F  blaPER-1 CCT GAC GAT CTG GAA CCT TT 513  13 

PER R  
 

TGG TCC TGT GGT GGT TTC 
  

IMP F  

IMP R 

blaIMP   GGAATAGAGTGGCTTAATTCTC 

CCAAACCACTACGTTATCT 

188 14 

VIM F  

VIM R 

blaVIM  GAT GGT GTT TGG TCG CAT A 

CGA ATG CGC AGC ACC AG 

390  14 

OXA-23 F 

OXA-23 R  

blaOXA-23 GAT CGG ATT GGA GAA CCA GA 

ATT TCT GAC CGC ATT TCC AT 

501  14 

OXA-40 F  

OXA-40 R 

blaOXA-40 

blaOXA-40 

GGT TAG TTG GCC CCC TTA AA 

AGT TGA GCG AAA AGG GGA TT 

    246              14 

OXA-51 F 
OXA-51 R 

blaOXA-51 TAA TGC TTT GAT CGG CCT TG TGG 
TGG ATT GCA CTT CAT CTT GG 

    353              14 

 

β-lactamase encoding genes detection by polymerase chain reaction 

Amplification will be performed with 10 µl of this dilution as the DNA template. PCR 

conditions included 35 cycles of amplification under the following conditions: denaturation at 

95°C for 30 s, annealing for 1 min at primer setspecific temperatures, and extension at 72°C for 1 

min/kb product. Cycling was followed by a final extension at 72°C for 10 min. PCR products were 

resolved on 1.0% agarose gels, stained with ethidium bromide, and photographed with UV 

illumination (15). 

DNA and plasmid template for multiplex PCR to detected integron in 30 isolates            A. 

baumannii was prepared by NucleoSpin® Tissue kit.  The primer sets for integrons are shown in 

table 2. (16). 

 

 

Table 2. Primers integrons used in PCR amplification 



Primers Target Sequence(5’to3’) Position Product size 

Int F 

IntR 

Int 1 CAG TGG ACG TAA GCC TGT TC 

CCC GAG GCA TAG ACT GTA 

2734-2751 

2874-2891 

160 

Int2.R 

Int2.F 

Int2 GTA GCA AAC GAG TGA CGA AAT G 

CAC GGA TAT GCG ACA AAA AGG T 

11524-11545 

12291-12312 

788 

Int3.R 

Int3.F 

Int3 GCC TCC GGC AGC GAC TTT CAG 

ACG GAT CTG CCA AAC ATG ACT 

738-758 

1697-1717 

979 

 

Integron detection by multriplex PCR amplification 

PCR amplification will be carried out in 50 µl volume.  Each reaction will be contained 

200 ng of purified DNA, 0.2 mM (each) deoxynucleotide triphosphate (dNTP), 1xThermoPol 

buffer, 1 U of Taq polymerase (NEB, MA, USA), and 200 nM of each primer. The sequence of 

the primers added in PCR.  PCR amplification will be performed in a PTC-100 Peltier thermal 

cycler (MJ Research, MA, USA).  Amplification products will be resolved by electrophoresis at 

100 V for 50 min on 1% agarose gels in 1x Tris-Borate-EDTA (TBE) buffer, containing ethidium 

bromide (0.2 µg/ml) and visualize under UV light. All PCR amplification will be performed in 

duplicate.  The amplification cycles will be seted as follows; initial denaturation at 95°C for 2 min 

follow by 35 cycles at 94°C for 1 min, 59°C for 1 min,  72°C for 1 min and a final extension at 72 

°C for 5 min (16, 17). 

Results 

The Antimicrobial susceptibility of 10 antimicrobial agents against 106 A. baumannii 

clinical isolates were summarized in table 3.   All of the A. baumannii clinical isolates showed 

100% susceptible to colistin and tigecycline.  A. baumannii clinical isolates were resistant to 

ceftriaxone 91.5%, ceftazidime 90.5%, ticarcillin 90.5%, meropenem 90.5%, imipenem 88.6%, 

levofloxacin 87.7%, cefoperazone/ sulbactam 67%, amikacin 38.6%. In this study, 90.6% (96/106) 

of A. baumannii isolates were multi drug resistant (MDR) organisms, which characterized by 

resistance to three or more different classes of antibiotics including 3rd generation of 

cephalosporin, beta-lactams, aminoglycosides and fluoroquinolone. 

 

Table 3.  Antimicrobial susceptibility test of A. baumannii isolated from the patients  



Antimicrobial agent Resistant No (%) Intermediate No (%) Susceptible No (%) 

Ceftriaxone 97 (91.5) 9 (8.5) - 

Ceftazidime 96 (90.5) - 10 (9.5) 

Ticarcillin 96 (90.5) - 10 (9.5) 

Meropenem 96 (90.5) - 10 (9.5) 

Imipenem 94 (88.6) 1 (1) 11 (10.3) 

Levofloxacin 93 (87.7) 2 (1.9) 11 (10.3) 

Cefoperazone/sulbactam 71 (67) 21 (20) 14 (13) 

Amikacin 41 (38.6) 7 (6.6) 58 (54.7) 

Colistin - - 106 (100) 

Tigecycline - - 106 (100) 

 

Detection of β-lactamase encoding genes on chromosome and plasmid of A.  baumannii 

were present in Table 4.  The blaOXA-51 on chromosome and plasmid were the most commonly 

found i.e. 100% (30/30) and 86.6% (26/30) of thirty selected isolates, respectively.  On 

chromosome can also be found blaAmpC were identified in all isolates whereas none of them were 

positive for blaPER and blaIMP. In addition can also be found blaOXA-23 about 66.6% (20/30), blaVIM 

about 33.3% (10/30) and blaOXA-40 about 10% (3/30) respectively. In the section on plasmid found 

first blaOXA-51 can also be found blaOXA-23 about 83.3% (25/30), blaAmpC about 53.3% (16/30), blaVIM  

about 33.3% (10/30), blaIMP about 10% (3/30), blaOXA-40 about   3.3% (1/30) and results showed 

negative all of isolates for blaPER. 

Detection of integron on chromosome and plasmid of A.  baumannii were present in Table 

4.  The integron class I on chromosome and plasmid were the most commonly found i.e. 30% 

(9/30) and 43.3% (13/30) of thirty selected isolates, respectively, whereas none of them positive 

for integron class II and class III on both chromosome and plasmid. 

 

 

 

 

 

 

 

 

 

 

Table 4. β-lactam resistance genes and Integron 



β-lactam resistance genes and Integron Chromosome Plasmid 

blaPER 0 0 

blaIMP 0 3 (10%) 

blaVIM 10 (33.3%) 10 (33.3%) 

blaAmpC 30 (100%) 16 (53%) 

blaOXA-23 20 (66.6%) 25 (83.3%) 

blaOXA-40 3 (10%) 1 (3.3%) 

blaOXA-51 30 (100%) 26 (86.6%) 

Int I 9 (30%) 13 (43.3%) 

Int II 0 0 

Int III 0 0 

 

Discussion and Conclusion 

The impact of A. baumannii multidrug resistant on nosocomial infection causes an 

increasing problem in Phramongkutklao Hospital and tends to speed rapidly.  Previous studies 

have shown that infected or colonized of A. baumannii patients, infection (90%, 72 of 80 cases), 

colonization (7.5%), and community-acquired infection (2.5%) with mortality rate of 50% (10).  

This study was aimed to detect the β-lactams resistance genes and integrons of A.  baumannii 

previously isolated from the clinical specimens of the patients admitted at Phramongkutklao 

hospital. 

The isolated A. baumannii in the present study were MDR- A. baumannii about 90.6% of 

all isolates. A report from Siriraj Hospital revealed the prevalence of MDR- A. baumannii to be 

57.6% during 1996 and 1997 (18).  In this study MDR- A. baumannii was defined as isolates that 

were resistant to 3rd generation of cephalosporin, β-lactams, aminoglycosides and fluoroquinolone. 

If we considered carbapenem-resistant isolates as MDR- A. baumannii, the proportion of MDR- 

A. baumannii would be similar, since carbapenem-resistant isolates were detected more than 

89.6% of all isolates. In this study MDR- A. baumannii was defined as isolates that were resistant 

to all test antibiotics except colistin and tigecycline.   

In the present study, OXA-51 and OXA-23 were the most predominant β-lactamases 

encoding genes. These enzyme groups have been known as a carbapenemases group and play an 

important role in human infection worldwide, with no exception for Thailand.  Carbapenemases 

belongs to two molecular classes, class B (metallo β-lactamases) and class D (oxacillinases).    

Oxacillinases encoding genes are further divided into 4 groups, OXA-type β-lactamases was 



discovered in an imipenem-resistant A. baumannii strain that was found to possess carbapenem 

hydrolysing activity. Imipenem resistance was subsequently demonstrated to be transferable and 

sequence analysis of the gene discovered that it encoded an unusual OXA-type enzyme (designated 

OXA-23) of Ambler molecular class D (19).  OXA-51 was characterized from two imipenem-

resistant A. baumannii clones isolated in Argentina (20).  In this study detected blaOXA-51 on 

chromosome and plasmid were the most commonly found i.e. 100%  and 86.6% of thirty selected 

isolates, respectively and can also be found blaOXA-23 on chromosome and plasmid about 66.6% and 

83.3% of thirty selected isolates, respectively.  Metallo β-lactamases genes like, blaIMP, blaVIM, 

and blaSIM are only present in A.  baumannii. In this study detected blaVIM about 33.3% on 

chromosome and blaVIM  about 33.3%, blaIMP about 10% on plasmid. 

AmpC β-lactamases (class C) was recently sequenced from a multi-resistant A. baumannii 

clinical strain (Ab RYC 52763/97) isolated during an outbreak in Spain.  This constitutively 

expressed enzyme does not share strong similarity with Enterobacteriaceae AmpC 

cephalosporinases.  As of yet there is no information about the regulation of A. baumannii AmpC 

expression (21). In this study detected can also be found blaAmpC were identified in all isolates on 

chromosome and blaAmpC  about 53.3% on plasmid. 

Class I integron is strongly associated with multi-resistance seen in MDR- A. baumannii. 

They are central in the worldwide problems of the antibiotic resistance.  They are frequently 

associated with transmissible plasmids or transposons, the elements that facilitate their lateral 

transfer into a wide range of human pathogen.  Class 1 integrons being most prevalent in clinical 

isolates, carrying single or multiple gene cassettes. Integron inserted genes encode for various 

antibiotic resistance mechanisms, including over 40 distinct genes, conferring resistance to 

aminoglycosides, β-lactams, chloramphenicol, macrolides, sulphonamides, antiseptics and 

disinfectants (22). This study investigated for the presence of integrons class I by PCR on 

chromosome and plasmid of A.  baumannii were the most commonly found i.e. 30%  and 43.3% 

of thirty selected isolates, respectively. 

Antibiotic sensitivity pattern of microorganism may alert us to the emergence of a MDR- 

A. baumannii outbreak, but distinction between strains with slight differences in resistant profile 

as observed in this study (pattern 1-15) may be difficult.  Antibiogram is phenotypic expression of 

the test isolates.  The antibiogram might change overtime if they acquired resistant genes.  In this 



study the most prevalent pattern 1 which MDR- A. baumannii.  It was possible that some of the 

resistant genes might be located on plasmids. 

The contamination of MDR- A. baumannii in clinical specimens of patients with identical 

molecular type of the patients confirmed the importance of the environment as a reservoir in the 

spread of MDR- A. baumannii in the hospital.   The result of this study indicated that 

environmental isolates were less resista nce to antibiotics.  Therefore, patients, environment and 

ward cleaning could help to eliminate reservoir of A. baumannii which carrying integron or other 

mobile elements and transfer genes laterally, hence the spread of multiresistant genes.  To control 

the emergence of the MDR- A. baumannii nosocomial infection, detection of β-lactams resistance 

genes and integrons could be used to screen the epidemic and endemic strains of MDR- A. 

baumannii. 

References 

1. Giamarellou H, Antoniadou A, Kanellakopoulou K.  Acinetobacter baumannii : a universal threat to public        

health. Int J Antimicrob Agent. 2008; 32:106-19. 

2. Phumisantiphong U, Diraphat P, Utrarachkij F, Uaratanawong S, Siripanichgon K.  Clonal spread of  

carbapenem resistant Acinetobacter baumannii in the patients and their environment at BMA Medical 

College and Vajira Hospital. J Med Assoc Thai. 2009; 92 (Suppl 7): S173-180. 

3. Kempf  M, Rolain JM.  Emergence of resistance to carbapenems in Acinetobacter baumannii in Europe: 

clinical impact and therapeutic options.  Int J Antimicrob Agent. 2012; 39:105-14. 

4. Rodriguez CH, Bombicino K, Granados G, Nastro M, Vay C, Famiglietti A. Selection of colistin-resistant  

Acinetobacter baumannii isolates in postneurosurgical meningitis in an intensive care unit with high presence 

of heteroresistance to colistin. Diagn Microbiol Infect Dis. 2009; 65:188-91. 

5. Park YK, Jung SI, Park KH, Cheong HS, Peck KR, Song JH, et al. Independent emergence of colistin-

resistant Acinetobacter spp. isolates from Korea. Diag Microbiol Infect Dis. 2009; 64:43-51. 

6. Rolain JM, Roch A, Castanier M, Papazian L, Raoult D. Acinetobacter baumannii resistant to colistin with  

impaired virulence: a case report from France. J Infect Dis. 2011; 204:1146-7. 

7. Biedenbach DJ, Johnson DM, Jones RN.  In vitro evaluation of cefepime and other broad-spectrum beta-

lactams in eight medical centers in Thailand. The Thailand Antimicrobial Resistance Study Group.  Diag 

Microbiol Infect Dis. 1999; 35:325-31. 

8. Chaladchalam S, Diraphat P, Utrarachkij F, Suthienkul O, Samakoses R,Siripanichgon K. Bed rails and 

endotracheal tube connectors as possible sources for spreading Acinetobacter baumannii in ventilator-

associated pneumonia patients. Southeast Asian Journal of Tropical Medicine and Public Health. 2008; 

39(4):676-685. 

9. Peleg AY, Seifert H, Paterson DL. Acinetobacter baumannii: emergence of a successful pathogen. Clin 

Microbiol Rev. 2008; 21:538-82. 

10. Aimsaad L, Diraphat P, Utrarachkij F, Suthienkul O, Samakoses R,Siripanichgon K.  Epidemiological 

Characteristics of Acinetobacter baumannii Infections at Phramongkutklao Hospital.  Journal of the Medical 

Association of Thailand = Chotmaihet thangphaet. 2009; 92(7):S164-172. 



11. Stephane C, Nathalie C, Eric E, Cecile G.  AmpC cephalosporinase hyperproduction in Acinetobacter 

baumannii clinical strains.  Journal of Antimicrobial Chemotherapy. 2003; 52: 629–635.  

12. Jennifer K, Mi-Jurng K, Jeanette P, John Tapsall, Peter A.  Antibiotic resistance determinants in nosocomial 

strains of multidrug-resistant Acinetobacter baumannii.  Journal of Antimicrobial Chemotherapy. 2009; 

63:47–54. 

13. Lee Y, Bae IK, Kim J, Jeong SH, Lee K. Dissemination of ceftazidime-resistant Acinetobacter baumannii 

clonal complex 92 in Korea.  Journal of Applied Microbiology. 2012; 112:1207–1211. 

14. Neil W.  Rapid Characterization of β-Lactamases by Multiplex PCR.  Methods in Molecular Biology. 2010; 

642:181-192. 

15. Hujer KM, Hujer AM, , Hulten EA, Bajaksouzian S, Adams JM.  Analysis of antibiotic resistance genes in 

multidrug-resistant Acinetobacter sp. isolates from military and civilian patients treated at the Walter Reed 

Army Medical Center.  Antimicrob Agents Chemother. 2006; 50(12):4114-23. 

16. Koeleman JG, Stoof J, Vandenbroucke-Grauls CM, Savelkoul PH.  Antibiotic resistance is a major risk factor 

for epidemic behavior of Acinetobacter baumannii.  Infect Control Hosp Epidemiol. 2001; 22:284-8. 

17. Mazel D, Dychinco B, Webb VA, Davies J.  Antibiotic resistance in the ECOR collection: integrons and 

identification of a novel aad gene. Antimicrob Agents Chemother. 2000; 44:1568-74. 

18. Aswapokee N. Suwangool P, Suttinont C, Bowonwatanuwong C, Rajanuwong A, Kulpradist SA.  Efficacy 

and safety of twice daily administration of cefpirome in the empiric treatment of sepsis. J Med Assoc Thai. 

1999; 82:648-53. 

19. Brown S, Amyes S.  OXA (beta)-lactamases in Acinetobacter: the story so far. J Antimicrob Chemother. 

2006; 57:1-3. 

20. Adams MD, Goglin K, Molyneaux N, Hujer KM, Lavender H, Jamison JJ, et al. Comparative genome 

sequence analysis of multidrug-resistant Acinetobacter baumannii. J Bacteriol 2008; 190: 8053-64. 

21. Corvec S, Caroff N, Espaze E, Giraudeau C, Drugeon H, Reynaud A.  AmpC cephalosporinase 

hyperproduction in Acinetobacter baumannii clinical strains. J Antimicrob Chemother. 2003; 52:629-35.  

22. Martinez-Freijo P, Fluit AC, Schmitz FJ, Grek VS, Verhoef J, Jones ME. Class I integrons in Gram-negative 

isolates from different European hospitals and association with decreased susceptibility to multiple antibiotic 

compounds. J Antimicrob Chemother. 1998; 42: 689-96. 

 

 

 

 

http://www.ncbi.nlm.nih.gov/pubmed?term=Hujer%20KM%5BAuthor%5D&cauthor=true&cauthor_uid=17000742
http://www.ncbi.nlm.nih.gov/pubmed?term=Hujer%20AM%5BAuthor%5D&cauthor=true&cauthor_uid=17000742
http://www.ncbi.nlm.nih.gov/pubmed?term=Hulten%20EA%5BAuthor%5D&cauthor=true&cauthor_uid=17000742
http://www.ncbi.nlm.nih.gov/pubmed?term=Bajaksouzian%20S%5BAuthor%5D&cauthor=true&cauthor_uid=17000742
http://www.ncbi.nlm.nih.gov/pubmed?term=Adams%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=17000742
http://www.ncbi.nlm.nih.gov/pubmed?term=Koeleman%20JG%5BAuthor%5D&cauthor=true&cauthor_uid=11428438
http://www.ncbi.nlm.nih.gov/pubmed?term=Stoof%20J%5BAuthor%5D&cauthor=true&cauthor_uid=11428438
http://www.ncbi.nlm.nih.gov/pubmed?term=Vandenbroucke-Grauls%20CM%5BAuthor%5D&cauthor=true&cauthor_uid=11428438
http://www.ncbi.nlm.nih.gov/pubmed?term=Savelkoul%20PH%5BAuthor%5D&cauthor=true&cauthor_uid=11428438
http://www.ncbi.nlm.nih.gov/pubmed/11428438
http://www.ncbi.nlm.nih.gov/pubmed?term=Mazel%20D%5BAuthor%5D&cauthor=true&cauthor_uid=10817710
http://www.ncbi.nlm.nih.gov/pubmed?term=Dychinco%20B%5BAuthor%5D&cauthor=true&cauthor_uid=10817710
http://www.ncbi.nlm.nih.gov/pubmed?term=Webb%20VA%5BAuthor%5D&cauthor=true&cauthor_uid=10817710
http://www.ncbi.nlm.nih.gov/pubmed?term=Davies%20J%5BAuthor%5D&cauthor=true&cauthor_uid=10817710
http://www.ncbi.nlm.nih.gov/pubmed/10817710
http://www.ncbi.nlm.nih.gov/pubmed?term=Aswapokee%20N%5BAuthor%5D&cauthor=true&cauthor_uid=10511765
http://www.ncbi.nlm.nih.gov/pubmed?term=Suwangool%20P%5BAuthor%5D&cauthor=true&cauthor_uid=10511765
http://www.ncbi.nlm.nih.gov/pubmed?term=Suttinont%20C%5BAuthor%5D&cauthor=true&cauthor_uid=10511765
http://www.ncbi.nlm.nih.gov/pubmed?term=Bowonwatanuwong%20C%5BAuthor%5D&cauthor=true&cauthor_uid=10511765
http://www.ncbi.nlm.nih.gov/pubmed?term=Rajanuwong%20A%5BAuthor%5D&cauthor=true&cauthor_uid=10511765
http://www.ncbi.nlm.nih.gov/pubmed?term=Kulpradist%20SA%5BAuthor%5D&cauthor=true&cauthor_uid=10511765
http://www.ncbi.nlm.nih.gov/pubmed/10511765
http://www.ncbi.nlm.nih.gov/pubmed?term=Brown%20S%5BAuthor%5D&cauthor=true&cauthor_uid=16332731
http://www.ncbi.nlm.nih.gov/pubmed?term=Amyes%20S%5BAuthor%5D&cauthor=true&cauthor_uid=16332731
http://www.ncbi.nlm.nih.gov/pubmed/16332731
http://www.ncbi.nlm.nih.gov/pubmed?term=Corvec%20S%5BAuthor%5D&cauthor=true&cauthor_uid=12951337
http://www.ncbi.nlm.nih.gov/pubmed?term=Caroff%20N%5BAuthor%5D&cauthor=true&cauthor_uid=12951337
http://www.ncbi.nlm.nih.gov/pubmed?term=Espaze%20E%5BAuthor%5D&cauthor=true&cauthor_uid=12951337
http://www.ncbi.nlm.nih.gov/pubmed?term=Giraudeau%20C%5BAuthor%5D&cauthor=true&cauthor_uid=12951337
http://www.ncbi.nlm.nih.gov/pubmed?term=Drugeon%20H%5BAuthor%5D&cauthor=true&cauthor_uid=12951337
http://www.ncbi.nlm.nih.gov/pubmed?term=Reynaud%20A%5BAuthor%5D&cauthor=true&cauthor_uid=12951337
http://www.ncbi.nlm.nih.gov/pubmed/12951337

