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Introduction

The cephalosporins began with Giuseppi Brotzu�s discovery of the antibacterial proper-
ties of extracts of Cephalosporium acremonium, a fungus isolated from seawater near a 
sewage outlet in Sardinia in 1945. They have played a critical role in healthcare since 
1953. Table 1 groups by generation the cephalosporins in common use today. Drugs in 
the same generation possess a comparable degree of ß-lactamase stability, as shown.

Despite their phenomenal success, the cephalosporins possess several well-known 
de�ciencies. For example, only two of the drugs listed in Table 1 (ceftazidime and 
cefepime) demonstrate clinically reliable activity against Pseudomonas aeruginosa, and 
no cephalosporin to date has been effective against methicillin-resistant Staphylococcus 
aureus (MRSA), Enterococcus, or Listeria. 

Ceftobiprole (BAL9141) is a new intravenous cephalosporin under joint development 
by Basilea Pharmaceutica AG and Cilag AG International (Johnson & Johnson); 
Ortho-McNeil will market the drug in the United States.1 Ceftobiprole is administered 
as the water-soluble methylcarbamate prodrug, ceftobiprole medocaril (BAL5788), 
which is rapidly converted in vivo to the active antibiotic (plus diacetyl and CO2). 
Relative ß-lactamase stability quali�es the drug as a fourth-generation cephalosporin. 
Ceftobiprole is unique among cephalosporins because of its activity against MRSA and 
also enterococci, as discussed below. A New Drug Application (NDA) was �led with 
the FDA in May 2007 for the treatment of complicated skin and skin structure infec-
tion (cSSSI). Phase III trials of ceftobiprole for the treatment of nosocomial pneumonia 
and community-acquired pneumonia (CAP) are in progress.

Mechanism of action

Penicillin-binding proteins (PBPs), the target of all ß-lactam antibiotics including 
cephalosporins, are membrane-associated enzymes involved in peptidoglycan biosyn-
thesis. The bactericidal activity of ceftobiprole against Gram-positive cocci can be 
attributed to potent inhibition of the usual complement of sensitive PBPs, plus af�nity 
for typically insensitive PBPs. MRSA activity results speci�cally from the ability of 
ceftobiprole to bind to PBP 2a (PBP 2�), whereas af�nity for mutant PBP 2x in resistant 
Streptococcus pneumoniae explains the drug�s activity against that organism.2-4

In Escherichia coli, ceftobiprole exhibits strong binding to PBP 3, the primary target of 
most cephalosporins and aztreonam, and also to the essential PBP 2 (albeit with less 
potency than imipenem). The PBP binding pro�le of ceftobiprole in P. aeruginosa is 
similar to that of cefepime and ceftazidime, except that binding to PBP 2 is enhanced.4

Antimicrobial activity of ceftobiprole

The in vitro activity of ceftobiprole is detailed in Table 2. With respect to Gram-
positive aerobic organisms, ceftobiprole is active against methicillin-susceptible and 
methicillin-resistant S. aureus, methicillin-susceptible and methicillin-resistant 
coagulase-negative staphylococci, multiple streptococcal species including penicil-
lin-nonsusceptible S. pneumoniae, and Enterococcus faecalis including ampicillin-
resistant and vancomycin-resistant strains. In addition, there is evidence of in vitro 
synergy between ceftobiprole and aminoglycosides for E. faecalis.5

The MRSA data shown in Table 2 include �ve strains of glycopeptide-intermediate 
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Finally, the �rst randomized, double-blind trial 
that compares two echinocandin antifungals 
(caspofungin and micafungin) for safety 
and e�cacy in the treatment of invasive 
candidiasis (IC), including candidemia.

Pappas PG, Rotstein CMF, Betts RF, et al. 
Micafungin versus caspofungin for treatment of 
candidemia and other forms of invasive candidiasis.  
Clin Infect Dis 2007; 45: 883-93.

Review of the Month
New evidence-based treatment guidelines for 
histoplasmosis replace the previous guidelines 
published in 2000.

Wheat LJ, Freifeld AG, Kleiman MB, et al. Clinical 
practice guidelines for the management of patients 
with histoplasmosis: 2007 update by the Infectious 
Diseases Society of America. Clin Infect Dis 2007; 
45: 807-825.
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�There is only one thing more painful 
than learning from experience, and that 
is not learning from experience.�
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S. aureus (GISA) and two strains of vancomycin-resistant 
S. aureus (VRSA).6 The lack of activity against Enterococcus 
faecium is due to poor af�nity for PBP 5, which is commonly 
hyperproduced in ampicillin-resistant strains of E. faecium.5

Ceftobiprole has reliable activity against enteric Gram-nega-
tive bacilli. Strains of E. coli and Klebsiella that produce 
extended-spectrum ß-lactamase (ESBL) are resistant, as are 
species that produce certain class A cephalosporinases (e.g., 
Proteus vulgaris). Activity against P. aeruginosa is generally 
comparable to cefepime and ceftazidime, and superior to 
piperacillin-tazobactam.7 Ceftobiprole appears to have 
meager activity against Acinetobacter, although some inves-
tigators have measured lower MICs (that are also lower than 
cefepime and ceftazidime).8 Potency of ceftobiprole against 
Burkholderia cepacia is poor. Stenotrophomonas maltophilia is 
uniformly resistant, owing to the lack of stability of ceftobip-
role toward metallo-ß-lactamases (Ambler class B).

Ceftobiprole is stable in the presence of AmpC cephalospo-
rinases (Ambler class C) and is also a poor inducer of that 
enzyme. This means that the Gram-negative aerobic activity 
of ceftobiprole more closely resembles that of cefepime than 
that of ceftazidime.9

Ceftobiprole generally exhibits poor activity against Gram-
negative anaerobes (e.g., Bacteroides fragilis). ß-lactamase-
negative anaerobes are more susceptible to ceftobiprole than 
ß-lactamase-positive strains, suggesting that ceftobiprole 
is hydrolyzed by the majority of ß-lactamases found in 
anaerobic bacteria.10 The drug therefore has good activity 
against some Gram-positive anaerobes (e.g., Clostridium 
perfringens). Marginal activity against Clostridium dif�cile 
mandates careful monitoring for the development of 
pseudomembranous colitis.

Multiple passage studies of S. aureus, S. pneumoniae, 
Haemophilus in�uenzae, and Moraxella catarrhalis in the 
presence of subinhibitory concentrations of ceftobiprole failed 
to result in mutants with high MICs. In addition, single-step 
selection studies demonstrated a low frequency of spontane-
ous mutants with elevated MICs.6, 11, 12 These data suggest 
that resistance to ceftobiprole does not emerge readily.

Pharmacokinetics and pharmacodynamics

Schmitt-Hoffmann et al. conducted a multiple-dose phar-
macokinetic study of ceftobiprole.13 Healthy male volunteers 
were randomized to receive ceftobiprole at 500 mg or 750 mg 
(administered as 667 mg or 1,000 mg of ceftobiprole medoc-
aril, respectively) or placebo. The doses were administered as 
200 ml infusions over 30 minutes once daily on days 1 and 8, 
and twice daily on days 2 through 7. 

Ceftobiprole exhibited linear pharmacokinetics, with low 
intersubject variability. Peak plasma concentrations of 
ceftobiprole were observed at the end of the 30-minute 
infusion, with a subsequent biphasic decrease re�ecting rapid 
distribution from the systemic circulation into other body 

compartments. Maximum concentration in plasma (Cmax) 
was 44.2 µg/ml after 500 mg and 60.6 µg/ml after 750 mg. 
Mean volume of distribution at steady state (Vss) was about 
17 liters, similar to the volume of the extracellular water 
compartment in adults (and also to the Vss of other ß-lactam 
antibiotics). Ceftobiprole was excreted predominantly in the 
urine unchanged via glomerular �ltration; 82-88% of a dose 
was recoverable in the urine within 24 hours. Drug elimina-
tion half-life was 3-4 hours.

The clinical ef�cacy of a ß-lactam antibiotic is generally 
correlated to time above the MIC (T>MIC) of at least 40-
60% of the dosage interval. After multiple infusions of 750 
mg, mean concentrations of ceftobiprole in plasma exceeded 
the MIC at which 100% of MRSA isolates are inhibited 
(4 µg/ml) for approximately 7-9 hours, or 58-75% of a 
12-hour dosing interval. This suggested that a ceftobiprole 
dose of 750 mg IV q12h (in normal renal function) would be 
adequate for treatment of MRSA infection.13 A more recent 
pharmacokinetic analysis employing Monte Carlo simulation 
predicts a high probability of exceeding target concentrations 
for key Gram-positive organisms (including MRSA) with 
a dose of 500 mg IV (infused over one hour) q12h, and 
of meeting or exceeding target concentrations for enteric 
Gram-negative bacilli and P. aeruginosa with a dose of 500 
mg IV (infused over 2 hours) q8h. Both of these regimens 
were selected for use in phase III trials.14

Ceftobiprole: the Next Fourth-generation Cephalosporin (continued)

Table 1.  Cephalosporins grouped by generation

GEnERaTiOn ��LaCTamasE 
sTaBiLiTY AnTiBiOTiC FORmULaTiOn

FiRsT + cefazolin (Kefzol) parenteral

+ cephalexin (Ke�ex) oral

+ cefadroxil (Duricef) oral

SECOnD ++ cefoxitin (Mefoxin) parenteral

++ cefuroxime (Zinacef) parenteral

++ cefaclor (Ceclor) oral

++ cefuroxime axetil (Ceftin) oral

++ cefprozil (Cefzil) oral

THiRD +++ cefotaxime (Claforan) parenteral

+++ ceftizoxime (Ce�zox) parenteral

+++ ceftriaxone (Rocephin) parenteral

+++ ceftazidime (Fortaz) parenteral

+++ ce�xime (Suprax) oral

+++ cefpodoxime proxetil (Vantin) oral

+++ ceftibuten (Cedax) oral

+++ cefdinir (Omnicef) oral

+++ cefditoren pivoxil (Spectracef) oral

FOURTH ++++ cefepime (Maxipime) parenteral



T H E D �ZO N E  �   O c TO b E r 2 0 07

S e n d f e e d b a c k o n T h e D -Z o n e t o t h e a u t h o r  v i a  e m a i l  a t  d b l a c k @ u .w a s h i n g t o n . e d u

S19

Animal studies

Ceftobiprole compares favorably with 
vancomycin for treatment of experimen-
tal MRSA endocarditis and foreign-body 
infection, and with ampicillin for peri-
tonitis caused by vancomycin-resistant, 
ampicillin-susceptible E. faecalis.15-18 
Ceftobiprole was at least as effective 
as ceftriaxone in a mouse model of 
pneumococcal pneumonia, and equal in 
effectiveness to ceftriaxone and cefepime 
for murine pneumonia caused by H. 
in�uenzae, E. cloacae, and non-ESBL-
producing K. pneumoniae.19, 20

Clinical trials

The �rst (and only) phase III study of 
ceftobiprole to be completed to date 
is STRAUSS (STudy of Resistant 
Staphylococcus AUreus Skin and 
Skin structure infections), pre-
sented at the Interscience Conference 
on Antimicrobial Agents and 
Chemotherapy meeting in 2006.21 This 
multicenter, randomized, double-blind 
trial compared ceftobiprole 500 mg IV 
q12h to vancomycin 1 gm IV q12h for 
the treatment of hospitalized patients 
with cSSSI. Treatment was continued 
for 7-14 days. Seven-hundred eighty-four 
patients were enrolled in the trial; the 
overall clinical cure rate was 93.3% in 
the ceftobiprole arm versus 93.5% in 
the vancomycin arm (p=NS). In the 
subset of patients infected with MRSA 
(n=179), cure rates were 91.8% in the 
ceftobiprole arm versus 90.0% in the 
vancomycin arm (p=NS). 

Adverse effects

Limited data suggest that ceftobiprole 
is safe and well tolerated. In the 
pharmacokinetics study discussed above, 
most adverse effects in each dose group 
were mild, and no serious or severe 
adverse effects were reported. The most 
frequently reported adverse effects were 
transient nausea, headache, and taste 
disturbance, described as �caramel-like� 
during the infusion period and attribut-
able to release of diacetyl produced 
during conversion of the medocaril 
prodrug to the active compound.22, 23 

Ceftobiprole: the Next Fourth-generation Cephalosporin (continued)

Table 1.  Cephalosporins grouped by generation

GEnERaTiOn ��LaCTamasE 
sTaBiLiTY AnTiBiOTiC FORmULaTiOn

FiRsT + cefazolin (Kefzol) parenteral

+ cephalexin (Ke�ex) oral

+ cefadroxil (Duricef) oral

SECOnD ++ cefoxitin (Mefoxin) parenteral

++ cefuroxime (Zinacef) parenteral

++ cefaclor (Ceclor) oral

++ cefuroxime axetil (Ceftin) oral

++ cefprozil (Cefzil) oral

THiRD +++ cefotaxime (Claforan) parenteral

+++ ceftizoxime (Ce�zox) parenteral

+++ ceftriaxone (Rocephin) parenteral

+++ ceftazidime (Fortaz) parenteral

+++ ce�xime (Suprax) oral

+++ cefpodoxime proxetil (Vantin) oral

+++ ceftibuten (Cedax) oral

+++ cefdinir (Omnicef) oral

+++ cefditoren pivoxil (Spectracef) oral

FOURTH ++++ cefepime (Maxipime) parenteral

Table 2.  In vitro susceptibility of ceftobiprole6, 10-12, 24, 25

n MIC50 
(µg/ml)

MIC90 
(µg/ml)

RangE 
(µg/ml)

GRam�POsiTivE aEROBEs

Enterococcus faecalis (including 20 vancomycin-resistant strains) 62 0.5 4 0.12 � >32

Enterococcus faecium (including 24 vancomycin-resistant strains) 51 >32 >32 0.25 � >32

Streptococcus, ß-hemolytic (including 48 group A strains) 103 0.015 0.015 0.015 � 0.06

Streptococcus pneumoniae (penicillin-susceptible) 299 0.016 0.016 0.008 � 0.03

Streptococcus pneumoniae (penicillin-intermediate) 299 0.06 0.5 0.008 � 1

Streptococcus pneumoniae (penicillin-nonsusceptible) 299 0.5 1 0.016 � 4

Streptococcus, viridans group (penicillin-susceptible) 54 0.015 0.06 0.015 � 0.06

Streptococcus, viridans group (penicillin-intermediate) 21 0.03 0.25 0.015 � 1

Streptococcus, viridans group (penicillin-resistant) 10 0.5 1 0.12 � 32

Staphylococcus aureus (methicillin-susceptible) 26 0.5 0.5 0.25 � 0.5

Staphylococcus aureus (methicillin-resistant) 126 2 2 0.25 � 2

Staphylococcus, coagulase-negative (methicillin-susceptible) 26 0.125 1 0.03 � 1

Staphylococcus, coagulase-negative (methicillin-resistant) 125 ‘1 2 0.125 � 4

GRam�nEgaTivE aEROBEs

Acinetobacter spp.  22 32 >32 0.015 � >32

Burkholderia cepacia    8 32 � 16 � >32

Citrobacter freundii  34 0.03 0.5 0.015 � >32

Enterobacter cloacae  30 0.125 0.125 0.125 � 0.5

Escherichia coli (non-ESBL-producing) 43 0.03 0.06 0.015 � 2

Escherichia coli (ESBL-producing)     23 32 >32 0.03 � >32

Haemophilus in�uenzae (ß-lactamase negative) 40 0.03 0.25 0.008 � 1

Haemophilus in�uenzae (ß-lactamase positive) 262 0.06 0.25 0.015 � 8

Klebsiella oxytoca   12 0.06 0.5 0.015 � 0.5

Klebsiella pneumoniae (non-ESBL-producing) 30 0.125 0.125 0.125 � 8

Klebsiella pneumoniae (ESBL-producing) 30 64 128 4 � 128

Moraxella catarrhalis (ß-lactamase negative) 9 0.004 � 0.004 � 0.03

Moraxella catarrhalis (ß-lactamase positive) 40 0.12 0.5 0.03 � 1

Neisseria gonorrhoeae   32 0.03 0.06 0.008 � 0.06

Neisseria meningitidis    24 0.002 0.004 0.002 � 0.008

Proteus mirabilis   9 0.015 � 0.015 � 0.03

Proteus, indole-positive    34 0.015 >32 0.015 � >32

Pseudomonas aeruginosa 30 2 8 0.5 � 16

Salmonella spp.     12 0.03 0.03 0.03 � 0.06

Serratia spp.   25 0.06 8 0.03 � >32

Shigella spp.     12 0.03 0.03 0.015 � 0.03

Stenotrophomonas maltophilia    17 >32 >32 >32

GRam�POsiTivE anD GRam�nEgaTivE anaEROBEs*

Bacteroides fragilis 92/93 16 >64 0.03 � >64

Bacteroides thetaiotaomicron 39/40 16 32 0.12 � >64

Clostridium dif�cile 0/30 4 8 1 � 8

Clostridium perfringens 0/30 0.016 0.016 0.016

Fusobacterium nucleatum 2/50 0.016 0.016 0.016 � 0.06

Prevotella spp. 4 64 0.016 � >64

*n = number of ß-lactamase positive strains/total number of strains tested
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No signi�cant peripheral infusion site reactions were 
described, no study subjects experienced electrocardiogram 
changes or abnormalities in vital signs, and no changes in 
laboratory parameters were considered clinically signi�cant.13

In STRAUSS, 4% of the patients receiving ceftobiprole dis-
continued treatment because of an adverse event, compared  
to 6% of the patients receiving vancomycin.21

Summary

Ceftobiprole medocaril, a prodrug, is an innovative fourth-
generation intravenous cephalosporin currently undergoing 
study for cSSSI, nosocomial pneumonia, and CAP. Its 
Gram-positive spectrum includes MRSA and enterococci, 
whereas Gram-negative activity is comparable to cefepime 
or ceftazidime. The drug is a weak inducer of AmpC 
ß-lactamase and a poor substrate; it is labile to destruction 
by ESBLs, certain class A cephalosporinases, and metallo- 
ß-lactamases. Pricing information is not yet available.

Ceftobiprole: the Next Fourth-generation Cephalosporin (continued)

References

Ceftobiprole Medocaril: BAL5788, JNJ 30982081, JNJ30982081, RO 
65-5788, RO 655788. Drugs R D. 2006;7(5):305-311.

Page MG. Anti-MRSA beta-lactams in development. Curr Opin 
Pharmacol Oct 2006;6(5):480-485.	

Deshpande L, Rhomberg PR, Fritsche TR, Sader HS, Jones RN. 
Bactericidal activity of BAL9141, a novel parenteral cephalosporin 
against contemporary Gram-positive and Gram-negative isolates. Diagn 
Microbiol Infect Dis Sep 2004;50(1):73-75.		

Davies TA, Page MG, Shang W, Andrew T, Kania M, Bush K. Binding 
of ceftobiprole and comparators to the penicillin-binding proteins 
of Escherichia coli, Pseudomonas aeruginosa, Staphylococcus aureus, 
and Streptococcus pneumoniae. Antimicrob Agents Chemother Jul 
2007;51(7):2621-2624.		

Arias CA, Singh KV, Panesso D, Murray BE. Time-kill and synergism 
studies of ceftobiprole against Enterococcus faecalis, including beta-lac-
tamase-producing and vancomycin-resistant isolates. Antimicrob Agents 
Chemother Jun 2007;51(6):2043-2047.

Bogdanovich T, Ednie LM, Shapiro S, Appelbaum PC. 
Antistaphylococcal activity of ceftobiprole, a new broad-spectrum cepha-
losporin. Antimicrob Agents Chemother Oct 2005;49(10):4210-4219.

Jones ME, Draghi DC, Brown NP, et al. Baseline surveillance pro�le of 
doripenem (DOR) against key Gram-negative pathogens encountered 
in the United States [abstract no. E-0221]. Paper presented at: 46th 
Interscience Conference on Antimicrobial Agents and Chemotherapy; 
Sept 27-30, 2006; San Francisco, CA.

Zbinden R, Punter V, von Graevenitz A. In vitro activities of BAL9141, 
a novel broad-spectrum pyrrolidinone cephalosporin, against 
gram-negative nonfermenters. Antimicrob Agents Chemother Mar 
2002;46(3):871-874.

Jones ME. In-vitro pro�le of a new beta-lactam, ceftobiprole, with 
activity against methicillin-resistant Staphylococcus aureus. Clin Microbiol 
Infect Jun 2007;13 Suppl 2:17-24.

Ednie L, Shapiro S, Appelbaum PC. Antianaerobe activity of ceftobip-
role, a new broad-spectrum cephalosporin. Diagn Microbiol Infect Dis 
May 2007;58(1):133-136.

Kosowska K, Hoellman DB, Lin G, et al. Antipneumococcal activity of 
ceftobiprole, a novel broad-spectrum cephalosporin. Antimicrob Agents 
Chemother May 2005;49(5):1932-1942.

Bogdanovich T, Clark C, Ednie L, et al. Activities of ceftobiprole, 
a novel broad-spectrum cephalosporin, against Haemophilus in�u-
enzae and Moraxella catarrhalis. Antimicrob Agents Chemother Jun 
2006;50(6):2050-2057.

Schmitt-Hoffmann A, Nyman L, Roos B, et al. Multiple-dose 
pharmacokinetics and safety of a novel broad-spectrum cephalosporin 
(BAL5788) in healthy volunteers. Antimicrob Agents Chemother Jul 
2004;48(7):2576-2580.

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

Lodise TP, Jr., Pypstra R, Kahn JB, et al. Probability of target 
attainment for ceftobiprole as derived from a population pharmaco-
kinetic analysis of 150 subjects. Antimicrob Agents Chemother Jul 
2007;51(7):2378-2387.	

Arias CA, Singh KV, Panesso D, Murray BE. Evaluation of cefto-
biprole medocaril against Enterococcus faecalis in a mouse peritonitis 
model. J Antimicrob Chemother Sep 2007;60(3):594-598.		

Entenza JM, Hohl P, Heinze-Krauss I, Glauser MP, Moreillon P. 
BAL9141, a novel extended-spectrum cephalosporin active against 
methicillin-resistant Staphylococcus aureus in treatment of experimental 
endocarditis. Antimicrob Agents Chemother Jan 2002;46(1):171-177.	

Vaudaux P, Gjinovci A, Bento M, Li D, Schrenzel J, Lew DP. Intensive 
therapy with ceftobiprole medocaril of experimental foreign-body 
infection by methicillin-resistant Staphylococcus aureus. Antimicrob 
Agents Chemother Sep 2005;49(9):3789-3793.		

Chambers HF. Evaluation of ceftobiprole in a rabbit model of aortic 
valve endocarditis due to methicillin-resistant and vancomycin-inter-
mediate Staphylococcus aureus. Antimicrob Agents Chemother Mar 
2005;49(3):884-888.

Rouse MS, Hein MM, Anguita-Alonso P, Steckelberg JM, Patel 
R. Ceftobiprole medocaril (BAL5788) treatment of experimental 
Haemophilus in�uenzae, Enterobacter cloacae, and Klebsiella pneumoniae 
murine pneumonia. Diagn Microbiol Infect Dis Aug 2006;55(4): 
333-336.		

Azoulay-Dupuis E, Bedos JP, Mohler J, Schmitt-Hoffmann A, 
Schleimer M, Shapiro S. Ef�cacy of BAL5788, a prodrug of cephalo-
sporin BAL9141, in a mouse model of acute pneumococcal pneumonia. 
Antimicrob Agents Chemother Apr 2004;48(4):1105-1111.		

Noel GJ, Strauss RS, Pypstra R. Successful treatment of complicated 
skin infections (cSSSI) due to staphylococci, including methicil-
lin-resistant Staphylococcus aureus (MRSA), with ceftobiprole. Paper 
presented at: 46th Interscience Conference on Antimicrobial Agents 
and Chemotherapy; Sept 27-30, 2006; San Francisco, CA.		

Chew TA, Smith JM. Detection of diacetyl (caramel odor) in 
presumptive identi�cation of the �Streptococcus milleri� group. J Clin 
Microbiol Nov 1992;30(11):3028-3029.		

Schmitt-Hoffmann A, Roos B, Schleimer M, et al. Single-dose 
pharmacokinetics and safety of a novel broad-spectrum cephalosporin 
(BAL5788) in healthy volunteers. Antimicrob Agents Chemother Jul 
2004;48(7):2570-2575.

Jones RN, Deshpande LM, Mutnick AH, Biedenbach DJ. In vitro 
evaluation of BAL9141, a novel parenteral cephalosporin active against 
oxacillin-resistant staphylococci. J Antimicrob Chemother Dec 
2002;50(6):915-932.

Issa NC, Rouse MS, Piper KE, Wilson WR, Steckelberg JM, Patel R. 
In vitro activity of BAL9141 against clinical isolates of gram-negative 
bacteria. Diagn Microbiol Infect Dis Jan 2004;48(1):73-75.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.


