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Abstract
The present study was carried out to compare between the antibacterial
activity of Ceftobiprole and vancomycinin-vitro and in-vivo after inducing
complicated skin and soft tissue infection in mice by injecting methicillin resistance
staphylococcus aureus(MRSA)subcutaneously.In-vitro antibacterial study showed
that methicillin resistance staphylococcus aureus was more sensitive to Ceftobiprole
in comparison with vancomycin, and showed that ceftobiprole have a low MIC
against MRSA (1µg/ml) when compared with vancomycin (2µg/ml). In-vivo study
indicated that doses of 25mg/kg/day of ceftobiprole succeeded to reduce the lesion
volume in infected mice and reduce the acute inflammation symptoms after four days,
while vancomycin with same dose treated mice after seven days. Gross examination
of mice skin treated with ceftobiprole and vancomycinshowed a reduction in lesion
volume from (4.94 ± 0.59 cm3)to( 2.65 ± 0.63 cm3) and (4.41 ± 0.8 cm3) to(3.31±0.46
cm3) with recovery percentage (48%) and (24%) after 7 days of treatment
respectively.
KEYWORDS:: Ceftobiprole, S.aureus, Vancomycin, Skin and Soft tissue Infections,
methicillin.
Introduction
Skin and soft tissue infections (SSTIs) are common in outpatient clinic and
emergency department visits and include a wide variety of infections of the
epidermis, dermis, subcutaneous tissue, fascia and muscle(Edelsberg,2009 and
Dryden,2009 ). The SSTIs usually result from traumatic, surgical or healthcarerelated
skin
break
down
with
secondary
inflammatory
microbial
invasions(Edelsberg,2009).The severity of SSTIs ranges from mild superficial to
deeper or potentially fatal necrotizing infections requiring hospitalization or intensive
care(George et al.,2008).
The SSTI could be caused by a multitude of bacterial agents. The most
important pathogenic agents are gram-positive bacteria, primarily Staphylococcus
aureusand group A streptococci. In recent studies more than 50% of allSSTI were
caused by S. aureus.(Wilson,2009).Methicillin resistant Staphylococcus
aureus(MRSA), has complicated management of cSSTIs. These pathogens,
previously confined to healthcare settings, are increasing commonly in the
community(Fridkinet al.,2005and Chua et al.,2011).
Ceftobiprole is active in vitro against Gram-positive strains, including methicillinresistant Staphylococcus aureus (MRSA), methicillin-resistant coagulase-negative
staphylococci (MRCoNS), penicillin-resistant Streptococcus pneumoniae (PRSP) and
vancomycin-resistant enterococci (VRE), and Gramnegative bacteria, including
Escherichia coli and Pseudomonas aeruginosa(Pillar et al.,2008 and Silva et
al.,2010).Ceftobiprole has been shown to be effective in several animal models,

www.oiirj.org

ISSN 2249-9598

Page 26

Online International Interdisciplinary Research Journal, {Bi-Monthly}, ISSN2249-9598, Volume-IV, May 2014 Special Issue

including infections caused by MRSA.( Silva et al.,2010) Currently, ceftobiprole has
completed Phase III trials for complicated skin and skin structure infections (cSSSIs),
and has been selected for the treatment of community-associated and hospitalacquired pneumonia.Present study was design to found out new antimicrobial
effectiveness in treating of complicated skin infection caused by MRSA,and avoiding
resistance toantimicrobial drugs. These aims should be accomplish by studying the invitro antibacterial activity of ceftobiprole, vancomycin and in-vivo throw treatment of
experimentally cSSSIs with MRSA.
Materials and methods
Test organisms: A methicillin resistant Staphylococcus aureusisolate was obtained
from the College of Veterinary Medicine/ Department of Zoonotic diseases/Baghdad
University.These isolates spp. were identified bystudying morphological and some
biochemicalcharacteristics. The organisms were maintained on agarslants stocks and
were subsequently sub cultured intonewly prepared chromogenic and staph 110 agars
and mannitol salt agar.
Determination of MIC:Minimum Inhibitory Concentration (MIC) of methicillin
,ceftobiprole and vancomycinwas determined by using standard two-fold
microdilution broth methodology (NCCLS, USA, 2000). A stock solution of each
antibiotic was serially diluted in 96-wells microtiter plate with Mueller Hinton broth
to obtain a concentration of 1024, 512, 256, 128, 64, 32,16, 8, 4 , 2 µg/ml for
methicillin and 64, 32,16,8,4, 2, ,0.5,0.25, 0.125 µg/ml for ceftobiprole and
vancomycin. A standardized inoculum for each test organism was prepared so as to
give an inoculum size of approximately 5 1.5 ×108 cfu/ml in each well. Microtiter
plates were then incubated at 37°C for 24hrs. Following incubation, the MIC was
calculated as the lowest concentration of antibacterial inhibiting the visible growth of
test organism using reflective viewer.
Antibacterial Susceptibility Assay:The agar well diffusion method was adopted
according to (Perezet al.,1990), for assessing the antibacterial activity, standardized
bacterial stock suspensions (1.5 ×108 cfu/ml) of methicillin resistant Staphylococcus
aureus was thoroughly mixed to sterile Mueller Hinton agar and distributed into
sterile Petri dishes of each. The agar was left for 10 minutes to allow solidifying , and
making 4 wells for each of these plates , 6 mm in diameter were cut using a sterile
Pasteur pipette and the agar discs were removed by a sterile forceps, after that wells
were filled with 0.1ml of each concentration of antibiotics (2 , 4 , 6 , 8 , 10) µg/ml.
The plates were then incubated in the upright position at 37 Co for 24 hrs. Three
replicates were carried out for each concentration of the antibiotics and the activity of
these antibiotics was determined by measuring the diameter of inhibition zone around
each well by millimeter against the tested organism. The results and standard errors
means values were tabulated.
Experimental Animals
Forty healthy male Swiss mice (White BALB/c) , aged 8-12 weeks, and weights 2530 gm. Mice were housed in plastic cages and placed in a special housing room /
Department of Physiology and Pharmacology / College of Veterinary Medicine for
two weeks for adaptation period.
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Preparing the miceand inducing infection
After the adaptation period, each mouse was anesthetized by isoflurane inhalation.
preparing the left flank region by clipping the hair with electrical clipper after that
removing the hair by sterile gauze. Bacterial inoculums used to induce infection ( skin
infection) was (2.7 x 106cfu/ml) of MRSA suspension, 0.25 ml was s/c administered
into the left flank of each mice and watched for symptom of inflammation. (Bitton,
2005; Quinn et al ., 2004).
Experimental design: Forty mice were divided equally into four groups( ten mice /
each, and treatment began after 24 hrs. after inducing complicated skin and soft tissue
infections). Group (A): negative control, Group (B): positive control, Group (C):
infected with MRSA and treated with ceftobiprole 25 mg/kg B.W.S/C for 7days and
Group (D): infected with MRSA and treated with Vancomycin 25 mg/kg B.W. S/C
for 7 days.
Estimation of skin lesion volume
To evaluate the antibacterial effect of vancomycin and ceftobiprole on skin and soft
tissue infection, skin lesion volume was measured by digital caliper 48 h after
infection,at 2nd day of treatment and at the end of treatment in day 7th.Evaluation of
treatment on lesion size was not blinded. A lesion volume score was calculated from
the following equation;LV=(π/6)(L×W2 )
where LV = lesion volume.
L=length of the lesion in mm.
W=width of the lesion in mm.
Histopathological Examination
The skin lesion was sectioned from the sacrificed animals before infection, at 2nd day
and at the end of treatment at day 7th . These sections were fixed in 10% formalin
saline after fixation, the tissue was trimmed and the specimens were washed with
saline for (1-2hrs) and transferred to the following steps: Dehydration, Clearing,
Impregnation with Paraffin wax, Blocking, Sectioning andStaining with
Haematoxylin and Eosin (Luna,1968).
Statistical Analysis
Data were analyzed statistically using the Microsoft Program (SPSS). Statistical
analysis of data was performed on the basis of Two-Way Analysis of Variance
(ANOVA) using a significant level of (P<0.05). Specific group differences were
determined using least significant differences (LSD) as described by (Snedecor and
Cochran, 1973).
Results and Discussion
Identification of the test microorganism
The microscopic appearance of methicillin-resistant Staphylococcus aureusspherical
single cocci, diplococci, , but the predominant shape was grape-like clusters of blue
color under light microscope, gram-positive. Goldenyellow to orange-pigmented
colonies on Staph 110 agar, deep pink to magenta colonies on chromogenic media and
on blood agar, colonies appeared as golden yellowproduces a zone of hemolysis
surrounding the colonyand it was non-motile. All staphylococciproduce theenzyme
catalase when introduced to hydrogenperoxide. It is also producesthe enzyme
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coagulase which allows the organism toproduce a clot in rabbit plasma. This is a key
test todifferentiate S. aureusfrom other staphylococci. Thisdescription agrees with
Subhankariet al. (2011) butS. aureusnegative oxidase test.
Determination of MIC: The results of MIC estimated by tube dilution method
showed that methicillin had high MIC (512µg/ml).This result is in agreement with
Parveset al.,(2008) who referred that all the MRSA strains examined were resistant to
methicillin MIC, 64 - 1024 µg/ml).Fudaet al., (2006).who found that the MRSA
strains are oxacillin-resistant (MIC ≥ 128µg/ml). MIC of ceftobiprole relatively had
low MIC (1.0µg/mL) while for vancomycin is (2.0 µg/mL). The highest sensitivity
was noticed with ceftobiprole and the lowest with vancomycin. This result is in
agreement with Entenzaet al. (2011) who showed The MICs of ceftobiprole and
vancomycinforMRSAwere1 and 2 µg/mL, respectively.
Antibacterial Activity
The size of inhibition zones were different according to concentration of ceftobiprole
and vancomycin, the size of inhibition zone were proportionally increased with
increasing of concentration, table (1) and figure (1). methicillin resistance
staphylococcus aureuswas sensitive significantly (P<0.05) to ceftobiprole more than
vancomycin in a concentration dependent.Ceftobiprole exerts its antibacterial effect
by binding to PBP, inhibiting transpeptidation and formation of the bacterial cell wall,
leading to cell lysis and death. Ceftobiprole rapidly binds and forms a stable
inhibitory acyl complex with PBP 2’ (PBP 2a) and PBP 2x, which provide activity
against β- lactam resistant staphylococci and streptococci, respectively. The stability
of the enzyme complex, in combination with the long side chain that sits deep in the
PBP 2’-binding pocket, enhances the stability of the bond and inhibition of the
enzyme (Kontouet al.,2008; Kisgen and
Whitney,2008; Bustos,2010).While
vancomycin inhibits transpeptidation by binding to D-alanyl-D-alanine residues of the
bacterial cell wall , historically has been the treatment of choice for MRSA infections,
but adverse effects, the need for intravenous access, and growing resistance limit its
use (Sharpe et al.,2005).
Table (1) Antibacterial activity of ceftobiprole and vancomycin in different
concentrations (µg/ml) against MRSA.
Conc. µg/ml
2 µg/ml
4 µg/ml
6 µg/ml
8 µg/ml
10 µg/ml
Zone of
Inhibition (mm)
Ceftobiprole

20.25±0.45
Ae

22.125±0.12 24.37±0.37
Ad
Ac

25.75±0.32
Ab

28.5±0.35
Aa

vancomycin

0.00±0.00
8.37±0.23 10.75±0.25 12.125±0.23 14.125±0.23
Be
Bd
Bc
Bb
Ba
Values represent mean ±S.E, Different capital letters mean significant (P<0.05)
results between different groups .Different small letters mean significant (P<
0.05)results between concentrations within group.
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Figure(1):Sensitivity
Sensitivity of MRSA to different concentrations ofceftobiprole
andvancomycin
Pathological Gross Examination
The gross examination performed to all groups infected with MRSA show pus-filled
lesions after 24 hours of infection with mean diameter (4.64 cm3) in all infected
group,, after 7 days infected non-treated
non
group lesions reached maximum diameter
(6.50 cm3), and when scarified animals, showed shin area with MRSA with severe
ulcerative pyogenic lesion (figure 2,3).

Figure(2) Gross lesion of infected
group after24hrs. of infectionshows
pus-filledlesion
filledlesion.

Figure(3) Gross lesion of infected
untreated group at day 7 post infection.
infection

This resultsare in agreement with Godin et al.,., (2005) was observed animals
infected with MRSA development of notable abscesses in the skin within 24–48
24
hrs.
Treated
reated group with ceftobiprole or vancomycin showed decrease in lesion volume
but not significant difference when compared with untreated group after 48 hrs
h of
treatment, after 7 day ceftobiprole significant reduction in lesion volume as compared
with vancomycinand not treated groups,
group vancomycin showed less activity than
ceftobiprole in reducing the lesion volume when compared with untreated
treated group(fig.
group
4,5,6) and table (2). Reductions in lesion volume resulted in a decrease in
staphylococcal bacterial density in the skin. The magnitude of the lesion volume score
is generally in agreement with the magnitude of the decrease in colony forming unit.
unit
This result is in agreement
greement with Fernandez et al.,(2009)
.,(2009) who referred that treatment
with ceftobiprole or vancomycin resulted in dose-proportional
dose proportional decreased in lesion
volume for all doses ranging from 31% to 68% relative to untreated controls. Also,
Hebeisenet al (2001) reported
reported that ceftobiprole and vancomycin were highly
effective, whereas linezolid was only slightly effective against an MRSA abscess
infection in mice.
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Figure(4): Gross lesion of infected
group after 2 daystreated with

Figure (5): Gross lesion of infected
group after 7 daystreated with

Figure(6): Gross lesion of
infected group after 7 daystreated

ceftobiprole

ceftobiprole

with vancomycin

Table (2) The mean lesion volume (cm3) of skin lesion in infected non treated
group and in treated group with ceftobiprole and vancomycin .
48 hour after
2nd day of
Group
7 day of treatment
infection
treatment
+ ve control
4.58±0.43a
4.25±0.23a
5.22±0.35A
Ceftobiprole
4.94±0.59a
4.39±0.65a
2.65±0.63bC
Vancomycin
4.41±0.8a
4.07±0.46ab
3.31±0.46bB
Values represent mean ±S.E , Different capital letters mean significant (P<0.05)
results between different groups.Different small letters mean significant (P<
0.05)results within group.
Histopathological examination
The main lesion characterized by severe neutrophil, macrophage and lymphocyte
infiltration in the dermal layer and extended to adipose tissue and between muscle
fibers which show severe zinker necrosis after 2 days of infected untreated group, In
other sections, the lesion characterized by necrosis of desquamation epidermal layer
with colonies of bacteria which were foud in necrotic area. Several inflammatory
reactions extended to dermis and subcutaneous layer and characterized by neutrophils
infiltration. Neutrophils were seen seen in the lumen of hair follicle. figure (7,8).
After 7days of infection, there was severe inflammatory cell infiltration mainly
neutrophils, macrophages and lymphocyte extended to subcutaneous tissue between
sebaceous gland together with desquamation of the epidermis and inflammatory cell
infiltration in the desquamation of sloughing of epidermis, Also marked inflammatory
cell infiltration extended to adipose tissue , figure (9,10).

Figure (7): Shows several inflammatory cells infiltration in
subcutaneous tissue & between muscle fibers in Infected non
treated group.
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Figure (8): Histological section in the skin of animal at 7th day post
infection with MRSA shows inflammatory cells infiltration in the
dermis & subcutaneous tissue (
) and desquamated of the
epidermis (
) in Infected non treated group.

ISSN 2249-9598

Page 31

Online International Interdisciplinary Research Journal, {Bi-Monthly}, ISSN2249-9598, Volume-IV, May 2014 Special Issue

Figure (9): Histological section in the skin of animal at 7th day post
infection with MRSA shows extending inflammatory cells
infiltration into adipose tissue (
) in Infected non treated group.

Figure (10): Histological section in the skin of animal at 7 day post
infection with MRSA shows extending inflammatory cells infiltration
( ), edema (
) &zinker necrosis of muscle fiber ( ). in Infected non
treated group.

Treated group with ceftobiprole lesion characterized by moderate mononuclear cell
infiltration in the dermis layer and between hair follicle. In other sections granulation
tissue formation consists from capillaries blood vessels with fibrous connective tissue
proliferation replaces the suppurativeexudates in subcutaneous tissue and in the
dermis figure(11,12). Animal treated with vancomycinafter 48 hour of treatment ,the
lesion characterized by moderate erosion of the epidermal layer and moderate
inflammatory cell infiltration particularly neutrophils, lymphocyte and macrophages
in the dermis and subcutaneous tissue, after 7 days lesion characterized by granulation
tissue consist from congested blood vessels and proliferation of fibrous connective
tissue as well as mononuclear cell infiltration, and granulation tissue was extended to
subcutaneous tissue and reached adipose tissue figure (13,14,15,16).The inflammatory
response included most of the layers of the skin (Kugelberget al.,2005). Four days
after infection an acute subcutaneous phlegmonous inflammation with fibrin
deposition and edema was observed with infiltration of a few neutrophils. The
inflammation was the most pronounced in the subcutaneous and connective tissues ,
this result is in agreement with Kugelberget al.,2005. The precipitation of fibrin from
the coagulation cascade creates an environment that protects the staphylococci from
the phagocytic mechanisms of the host. Coagulase also gives the particularly
pyogenic character to staphylococcal infections. MRSAcould be also produce
hemolysins and leukocidins. They, in turn, produce collagenase, hyaluronidase, and
heparinase, which allow the extracellular matrix of the host tissues to be digested,
with enhanced invasiveness of the pathogen being the consequence(Printzen,1996).

Figure (11); Histological section in the infected animal skin at 7th day
post treatment with ceftobiprole shows granulation tissue &
inflammatory cells infiltration in the dermis & between hair follicle
(
) in Infected group treatedwith ceftobiprole.

www.oiirj.org

Figure (12): Histological section in the infected animal skin at 7th day
post treatment with ceftobiprole shows granulation tissue replace the
suppurated inflammation (
), in Infected group treated with
ceftobiprole.
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Figure (13) Histological section in the skin of infected animal
at 48 hour post treatment with vancomycin shows moderate
inflammatory cells with erosion of the epidermis, in Infected
group treated with vancomycin.

Figure (15) Histological section in the skin of infected animal at 7 day
post treatment shows granulation tissue consist from congested blood
vessels & collagen fiber ( ) & few mononuclear cells infiltration
(
) in the dermis layer & extended to subcutaneous tissue. in
Infected group treated with vancomycin

Figure (14) Histological section in the skin of infected animal
at 48 hour post treatment with vancomycin shows moderate
inflammatory cells between adipose tissue. in Infected group
treated with vancomycin.

Figure (16) Histological section in the skin of infected animal at 7 day
post treatment shows granulation tissue & inflammatory cells between
hair follicle (
) & extended to adipose tissue ( ) . in Infected group
treated with vancomycin.

The Inflammatory Response: Whether infection originates within a cutaneous wound
or within a glandular structure, activation of the inflammatory response within the
skin and soft tissues is the first line of the innate host response. Disrupted tissue, the
release of tissue factor, exposed collagen, and released ADP activate the initiator
events of human inflammation. The initiator events include the activation of the
coagulation cascade, aggregation and degranulation of platelets, activation of the mast
cells, activation of the bradykinin pathway, and activation of the complement
cascade(Solomkinet al.,2003). These redundant and interactive responses result in an
immediate vasoactive response and a secondary phago-cytic response. The efficiency
and robustness of the response dictate whether contamination is eradicated before
infection occurs, or whether the evolving infection can be contained and minimized.
The forces favoring infection are the inoculum of bacteria in the tissue, the virulence
characteristics of the bacterial contaminant, and the local environment that enhances
microbial aggressiveness(Fry,2003). The forces of pro-infection are then pitted against the
intrinsic capacity of the host, which is then modulated by acquired clinical conditions that
impair the efficiency of responsiveness . Clinical variable that are thought to impair the host
include blood transfusion, hypoalbuminemia, corticosteroid therapy, hypoxemia, tissue
ischemia, hypothermia, hyperglycemia, malnutrition, and coexistent diseases associated with
immunosuppression. Whether the contaminant is eliminated before infection occurs, whether
mild cellulitis or a small tissue abscess remains as a localized and relatively innocent event, or
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whether an aggressive and life-threatening infection is the consequence is determined by this
complex interaction. Understanding this relationship between the pathogen and the host sets
the stage for a pathophysiologic approach to treat the patient with infections such as a soft
tissue infection.

References
Bitton, G. ( 2005) .Wastewater Microbiology. John Wiley and Sons, Inc. 3rded . John Wiley
and Sons, Inc., Hoboken, New.
Bustos, C.( 2010). Emerging agents to combat complicated and resistant infections: focus on
ceftobiprole.( JLD). Infection Drug Resist; 3: 5-14.
Chua,K,; Laurent, F.; Coombs, G.; Grayson, M.L. and Howden, B.P.( 2011).
Antimicrobial resistance: not community-associated methicillin-resistant
Staphylococcus aureus (CA-MRSA). A clinician's guide to community
MRSA—its evolving antimicrobial resistance and implications for therapy. Clin.
Infect. Dis. 52:99–114.
Dryden, M.S.(2009): Skin and soft tissue infection: microbiology and epidemiology. Int J
Antimicrob Agents , 34(Suppl 1):S2-7.
Dryden, M.S. (2010) . Complicated skin and soft tissue infection :J Antimicrob
Chemotherapy; 65 Suppl 3: iii35–44 doi:10.1093/jac/dkq302 .
Edelsberg, J.; Taneja, C.; Zervos, M.; Haque, N.; Moore, C.; Reyes, K.;Spalding, J.;
Jiang, J.and Oster, G.(2009). Trends in US hospital admissions for skin and
soft tissue infections. Emerg. Infect. Dis. 15:1516-8.
Entenza, J. M.; Veloso, T. R.; Vouillamoz, J., Giddey, M.; Majcherczyk, P.and
Moreillon, P. (2011).In Vivo Synergism of Ceftobiprole and Vancomycin
against Experimental Endocarditis Due to Vancomycin-Intermediate
Staphylococcus aureus.Antimicrob. Agents and Chemother. 55(9):3977.
DOI:10.1128/AAC.00402-11.
Fernandez, J. ; Hilliard ,J. J.; Abbanat, D.; Zhang, W.; Melton, J. L.; Santoro, C. M.;
Flamm, R. K. and Bush, K. (2009). In Vivo Activity of Ceftobiprole in Murine
Skin
Infections Due to
Staphylococcus aureusand Pseudomonas
aeruginosa.Johnson & Johnson Pharmaceutical Research and Development,
L.L.C.
Raritan,
New
Jersey.Antimicrob.
Agents
Chemother.
doi:10.1128/AAC.00642-09.
Fridkin, S. K.; J. Hageman, C.; Morrison, M.; Sanza, L. T.; Como-Sabetti, K.; Jernigan,
J. A.; Harriman, K.; Harrison, L. H.; Lynfield, R. and Farley, M. M.
(2005). Methicillin-resistant Staphylococcus aureusdisease in three
communities. N. Engl. J. Med.,352:1436-44.
Fry, D.E.( 2000). Microcirculatory arrest theory of SIRS and MODS. In: Baue AE, Faist E,
Fry DE, eds. Multiple Organ Failure: Pathophysiology, Prevention, and
Therapy. New York, NY: Springer:92-100.
Fuda, C.; Hesek, D.; Lee, M.; Heilmayer, W.; Novak, R.; Vakulenko, S. B. and
Mobashery, S.(2006).Mechanistic Basis for the Action of New Cephalosporin
Antibiotics Effective against Methicillin- and Vancomycin-resistant
Staphylococcus aureus.THE JOURNAL OF BIOLOGICAL CHEMISTRY
VOL. 281, NO. 15, pp. 10035–10041.
George, S.M.; Harrison, D.A.; Welch, C.A.; Nolan, K.M.andFriedmann, P.S. (2008).
Dermatological conditions in intensive care: a secondary analysis of the
Intensive Care National Audit and Research Centre (ICNARC) Case Mix
Programme database. Crit Care, 12(Suppl 1):S1.
Godin, B.; Touitou, E.; Rubinstein, E.; Athamna, A. and Athamna, M. (2005).A new
approach for treatment of deep skin infections by an ethosomal antibiotic

www.oiirj.org

ISSN 2249-9598

Page 34

Online International Interdisciplinary Research Journal, {Bi-Monthly}, ISSN2249-9598, Volume-IV, May 2014 Special Issue

preparation: an in vivo study.J. Antimicrobial Chemotherapy , 55, 989–994.Doi :
10 . 1093 / jac / dki 125.
Hebeisen, P.; Heinze-Krauss, I.; Angehrn, P.; Hohl, P.; Page, M. G. and Then, R. L.
(2001). In vitro and in vivo properties of Ro 63-9141, a novel broad-spectrum
cephalosporin with activity against methicillin-resistant staphylococci.
Antimicrobial Agents & Chemotherapy 45:825-36.
Kisgen, J and Whitney, D.(2008).Ceftobiprole, a Broad- Spectrum Cephalosporin With
Activity against Methicillin-Resistant Staphylococcus aureus (MRSA). PT; 33:
631-641.
Kontou, P.; Kuti, J.L. and Nicolau, D.P.( 2008). Ceftobiprole. The first anti-MRSA
cephalosporin antibiotic. Formulary; 32: 66-78.
Kugelberg, E. ; Norström, T. ; Petersen, T. K. ; Duvold, T. ; Andersson, D. I.
and Hughes, D. (2005) .Establishment of a Superficial Skin Infection Model in
Mice by Using Staphylococcus aureus and Streptococcus pyogenes.Antimicrob.
Agents Chemother. 49 ; 8: 3435-3441
Luna, L.G. (1968). "Manual of Histologic Staining Methods of the Armed Force Institute of
Pathology". 3rd Ed. McGraw-Hill, New York.
NCCLS, (2000). National Committee for Clinical Laboratory Standards.
Approved Standard M7-A5: Methods for Dilution AntimicrobialSusceptibility
Test for Bacteria that Grow Aerobically, 5th Ed.
Parvez, A. K.; Shibata, H.; Nakano, T,; Niimi, S.; Fujii, N.; Arakaki, N.; and
Higuti,T.(2008). No relationship exists between PBP 2a amounts expressed in
different MRSA strains obtained clinically and their -lactam MIC values.J. Med.
Invest. 55 : 246-253.
Perez, C.; Pauli, M. and Bazerque, P. (1990). An antibacterial assay by agar well diffusion
method. Acta Bio Et Med Exp.15, 113-115.
Pillar, C.M.; Aranza, M.K.and Shah, D. (2008). In vitro activity profile of ceftobiprole, an
anti-MRSA cephalosporin, against recent Gram-positive and Gram-negative
isolates of European origin. J. AntimicrobChemother., 61: 595–602.
Printzen, G.( 1996) . Relevance, pathogenicity and virulence of microorganisms in implant
related infections. Injury.;27(suppl 3):SC9-SC15.
Quinn, P.J .; Carter, M.E.; Markey, B. and.Carter, G.R. ( 2004 ). Clinical Veterinary
Microbiology. Mosby. Edinburgh, London, New York, Oxford and Philadelphia.
USA. pp:21-63.
Sharpe, J. N. ; Shively, E. H. ; Hiram C. ; Polk Jr. (2005).Clinical and economic outcomes
of oral linezolid versus intravenous vancomycin in the treatment of MRSAcomplicated, lower-extremity skin and soft-tissue infections caused by
methicillin-resistant Staphylococcus aureus.The Am. J. Surg., 189 : 425–428.
Silva, N.; Radhouani, H.; Gonc¸alves, A.; Arau´ jo, C.; Rodrigues, J.; Igrejas, G. and
Poeta P. (2010). In vitro activity of ceftobiprole against Gram-positive and
Gram-negative
bacteria
isolated
from
humans
and
animals.J
AntimicrobChemother.doi:10.1093 / jac /dkq 011.
Snedecor, G.W. and Cochran, W.G. (1973). Statistical Methods. 6th ed. Iowa state
University press. USA, Pp: 238-248.
Solomkin, J.S.; Mazuski, J.E. and Baron , E.J.,et al.( 2003). Guidelines for the selection of
anti-infective agents for complicated intra-abdominal infections. Clin. Infect.
Dis.,37:997-1005.
Subhankari, P. C. ; Santanu, K. M. and Somenath, R. (2011). Biochemical characters and
antibiotic susceptibility of Staphylococcus aureus isolates. Asian Pacific J.
Tropical Biomedicine. India.,212-216.
Wilson, S.E.; o´Riordan, W. et al,(2009).Telavancin versus vancomycinfort he treatment of
complicated skin and skin-structure infections associated with surgical
procedures. Am. J. Surg., 197: 791-796.

www.oiirj.org

ISSN 2249-9598

Page 35

