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Student Case Materials 

Case presentation: 

A 36 year old man fractured his left humerus in a bicycling accident.  Several 

weeks later, he presented to his physician with drainage from a sinus tract at the 

site of the fracture.  A culture was performed on the exudate and Staphylococcus 

pseudintermedius was recovered from the specimen. 

 

Overview: 

Although S. pseudintermedius can be a member of the oral, nasal and skin flora of 

healthy dogs, it is also the leading cause of skin and soft tissue infections in dogs.  The 

true incidence of S. pseudintermedius infection in humans is unknown, but is likely 

underestimated.  This is attributed to the fact that the traditional methods used in human 

clinical microbiology laboratories would be likely to misidentify these isolates as 

Staphylococcus aureus.  With the introduction of Matrix Assisted Laser Desorption 

Ionization Time-of-Flight Mass Spectrometry (MALDI-TOF MS) as a diagnostic tool for 

identification of microbes in clinical laboratories, it is becoming clear that S. 

pseudintermedius is indeed a cause of human infections.  This is clinically significant as 

the methodologies to predict beta-lactam susceptibility are different for S. aureus and S. 

pseudintermedius.    
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Learning Objectives: 

1. Explain laboratory methods used to differentiate Staphylococcus aureus from 

other bacteria. 

2. Describe the importance of S. pseudintermedius in veterinary and human 

infections. 

3. Recall the mechanism for methicillin resistance in staphylococcus. 

4. Outline the principle of MALDI-TOF MS for microbial identification. 

5. For the practitioner (human medical or veterinary), identify appropriate 

communication points to convey to the patient, client/owner, or other health 

professional regarding this infection. 

 

Preparatory Materials: 

1) Becker K, Skov R, von Eiff C. (2015)  Staphylococcus, Micrococcus, and Other 

Catalase-Positive Cocci.  In Jorgensen J, Pfaller M, Carroll K, Funke G, Landry 

M, Richter S, Warnock D (ed), Manual of Clinical Microbiology, 11th Edition. ASM 

Press, Washington, DC. p 354-382. 

2) Que Y and Moreillon P. (2010) Staphylococcus aureus (Including Staphylococcal 

Toxic Shock). In Mandell GL, Bennett JE, Dolin R (ed), Principles and Practice of 

Infectious Diseases, 7th Edition.  Churchill Livingstone Elsevier, Philadelphia, PA. 

p 2543-2578. 

A) Songer JG, Post KW (2005) The Genus Staphylococcus.  Veterinary 

Microbiology: Bacterial and Fungal Agents of Animal Diseases. Elsevier-

Saunders, St. Louis, MO.  p 35-41. 

B) Weese, JS (2012) Staphylococcal Infections.  In Greene CE (ed), Infectious 

Diseases of the Dog and Cat, 4th Edition.  Elsevier Saunders, St. Louis, MO.  p 

340-348. 

Additional recommended references can be found within the case study.  These 

references are not required but are supplemental reference materials. 
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Key Questions for Class Discussion: 

1. How are staphylococci identified in clinical laboratories? 

2. Which species of staphylococcus are coagulase positive? 

3. What laboratory tests could be used to differentiate Staphylococcus aureus from 

Staphylococcus pseudintermedius? 

4. How is mass spectrometry being used to identify microbes in clinical settings? 

5. How is methicillin resistance detected in S. aureus and S. pseudintermedius? 

6. Is the recovery of S. pseudintermedius from this patient an unusual finding?  

Would the answer be the same if the patient were a dog? 

 

Part 1:  Clinical Microbiology Overview 

 Questions for Part 1: 
 

1. How is the Gram stain performed? 
2. How is the Gram stain interpreted? 
3. What type of culture media are commonly used to recover 

staphylococci in clinical specimens? 
4. What is the principle of MALDI-TOF MS for microbe identification? 
5. How are the results of antimicrobial susceptibility tests reported? 

 

Specimen Processing and Growth Media 

Clinical microbiology laboratories receive a variety of specimen types for culture, such 

as tissue, respiratory secretions, wound swabs, and feces.  Most types of specimens 

are plated directly onto a variety of solid media (agar) when they are received in the 

laboratory.  The media selected depends on the specimen source (sputum, urine, stool, 

wound drainage, etc.) and the organisms that are expected.  Specimens that are 

typically polymicrobial (i.e. many different types of bacteria and/or normal flora are in the 

specimen, such as stool) are plated onto media that will enhance detection of 

pathogens while minimizing overgrowth of normal flora.  For example, stool specimens 

are plated onto 5 or 6 different media; each of these can help isolate selected 

pathogens (e.g., Salmonella, Shigella, Yersinia, Campylobacter, etc.).  Specimens from 

sterile body sites, such as cerebral spinal fluid, are plated to enriched media and 

incubated in an environment that supports the growth of fastidious organisms. Sheep 

blood agar plates are used most commonly and support the growth of most (but not all) 
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bacteria.  In addition to being an enriched media, blood agar is a differential media; 

colonies growing on this agar type can be examined for their hemolytic pattern (beta-, 

alpha- or non-hemolytic), which can guide identification of the organism.   

Gram Stain 
 
A Gram stain is one of the most important tests done by the clinical microbiology 
laboratory.  The Gram stain consists of a sequence of four reagents designed to stain 
bacteria and related organisms. The interpretation of the Gram stain includes the color 
of an organism, shape or morphology of individual organisms (rods, cocci, etc.), and 
grouping of organisms (in clusters, chains, etc.), all of which provide clues to an 
organism’s identity. 
 
A sample of a body fluid, blood culture broth, or bacterial colony growing on solid media 
is placed on a glass slide and heat or methanol fixed before staining. The slide is first 
stained with a basic dye (crystal violet) that is taken up by almost all bacteria, then 
treated with an iodine-containing compound (a mordant or fixative). Next, the slide is 
decolorized with acetone/ethanol, which destains only Gram-negative bacteria while 
Gram-positive organisms retain the purple complex of crystal violet and iodine. Finally, 
the slide is counterstained (usually with a pink stain called safranin), which allows one to 
visualize the Gram-negative organisms. When a Gram stain is performed on material 
from a clinical specimen, it can impact empiric therapy and may also drive the extent of 
workup in the laboratory.  The stain will be examined for the absence or presence of 
inflammatory cells, and specific bacterial morphotypes and staining patterns are noted.  
A Gram stain performed directly from a clinical specimen can provide clues regarding 
the patient’s illness and the absence or presence of cells such as epithelial cells may 
also provide valuable information regarding the quality of the specimen. 
 
Overview of Gram Stain Procedure: 
 

a.  Clinical specimens or cultured organisms are placed onto clean glass slides, air 
dried, and then "fixed" to the slide, either using heat or by flooding the slide with 
methanol. 
b.  Crystal violet: The slide is flooded with crystal violet (purple stain) for about one 
minute, and then rinsed with water to remove excess stain. 
c.  Gram's iodine: The slide is flooded with iodine (mordant) for about one minute.  
During this time, crystal violet-iodine complexes are formed inside the bacterial cells. 
The slide is rinsed with water to remove excess stain. 
d.  Acetone-alcohol decolorizer: is added to the slide for a few seconds and then the 
slide is immediately washed with tap water. The decolorizer removes crystal 
violet/iodine complexes from Gram-negative organisms but these complexes are 
retained in Gram-positive organisms.  This is a result of the difference in the cellular 
properties of Gram-positive and Gram-negative bacteria. 
e. Safranin: The slide is flooded with safranin for about a minute as a counterstain:  
Gram negative organisms are stained red for visualization. Slides are blotted and air 



5 

 

dried. 
f.    Microscopic examination: Gram-stained slides are examined using oil immersion 
under 1000X magnification. 

 
Interpretation: The color of an organism, shape or morphology of individual 
organisms (rods, cocci, etc.), and grouping of organisms (in clusters, chains, etc.), 
all of which provide clues to an organism’s identity. Gram-positive organisms appear 
purple and Gram-negative organisms appear pink.   

 

Bacterial Identification 

After the Gram stain morphology is known, organisms are further identified by the use of 

biochemical tests. Some are very simple bench top tests that allow the technologist to 

navigate major branch points in identification.  For example, among Gram-positive 

cocci, the catalase test distinguishes generally between staphylococci (catalase-

positive) and streptococci (catalase-negative). Staph-like organisms are then classified 

by the coagulase test (S. aureus is coagulase-positive, while most other staphylococci 

are coagulase-negative). Many Gram-positives (e.g., S. aureus and beta-hemolytic 

streptococci) are subjected to simple tests in which a colony is mixed with a suspension 

of latex beads coated with antibody to surface determinants of the organism. 

Agglutination of the beads upon mixing confirms the identification. 
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MALDI-TOF MS: Although biochemical testing has been the mainstay of microbial 

identification for more than a century, a new technology is emerging that is poised to 

supplant biochemical testing for identification of organisms in the clinical laboratory. 

This technology is matrix-assisted laser desorption-ionization time-of-flight mass 

spectrometry (MALDI-TOF MS). Using this technique, only a single colony of 

microorganism is required. A portion of the colony is placed onto a stainless steel 

“target” plate using a toothpick, and once dry, overlaid with a “matrix” solution that co-

crystallizes with the bacterial proteins. Once this mixture is dry, the target plate is placed 

into the MALDI-TOF MS instrument, and the sample is shot with a laser, ionizing the 

organism/matrix crystals. The ions then move through a vacuum (flight tube) and arrive 

at a detector at a rate proportional to their mass to charge ratio. This process generates 

a protein “fingerprint” of the organism that is compared to a database to assign an 

identity to the isolate. This process is very rapid (occurs in minutes) and has a very low 

reagent cost. Currently, this method can be reliably used for aerobic and anaerobic 

Gram-positive and Gram-negative bacteria, yeast and mycobacteria (1-6). The method 

is under continued development for filamentous fungi. 
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Overview of MALDI-TOF MS 

 

Sample Preparation for MALDI-TOF MS 
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Antibiotic Susceptibility Testing 
 
Once a pathogenic organism is identified, antimicrobial susceptibility testing may be 
performed on the isolate. The objective of this testing is to predict the outcome of 
treatment with the agent tested, and guide the clinician in selecting the most appropriate 
agent. There is a growing emphasis in utilizing the most narrow-spectrum, least 
expensive, least toxic agent.  
 
In addition to providing treatment guidance for a particular patient, susceptibility testing 
also serves a larger, global purpose, such as monitoring the acquisition of resistance in 
a species over time, identification of new resistance phenotypes, and collection of data 
for antibiogram preparation. An antibiogram is a report on the rates of resistance for 
isolates recovered from a particular laboratory or institution. Each clinical laboratory is 
required to create an annual antibiogram report.  
 
There are several ways to determine the susceptibility of an isolate to various 
antibacterial agents. These methods may be based on genotype, or phenotype. The 
traditional method is disk diffusion, in which a suspension of the organism is plated in 
a "lawn" onto a specific type of agar plate (usually Mueller-Hinton agar, a nutritionally 
replete type of media) and a number of filter-paper disks, each impregnated with a given 
antibiotic at a specific concentration, are then placed onto the agar. The antibiotic 
diffuses from each disk into the agar, setting up concentration gradient of antibiotic in 
the surrounding agar. If the organism is susceptible to a particular antibiotic, it does not 
grow near the disk, resulting in a clear zone around the disk. The technician measures 
the diameter of this "zone of inhibition" around each disk and compares that to standard 
tables established by CLSI (the Clinical and Laboratory Standards Institute). On the 
basis of these measurements, the organism is then classified as Susceptible, 
Intermediate, or Resistant to each of the tested antibiotics. Interpretive criteria do not 
exist for all organism-antimicrobial combinations. 
 
Example of a disk diffusion susceptibility test for an isolate of Pseudomonas 
aeruginosa.  Note the presence of a green pigment, which is characteristic of P. 
aeruginosa. 
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An alternate (but more labor-intensive) method is broth microdilution, in which one 
attempts to grow the organism in a series of two-fold concentration dilutions of an 
antibiotic. The lowest concentration that prevents growth (the minimum inhibitory 
concentration, or MIC) is again compared to standards established by the Clinical and 
Laboratory Standards Institute (CLSI), and used to classify the organism as S, I, or R to 
the antibiotic. This testing method is especially helpful for organisms for which no disk-
diffusion criteria exist, or certain fastidious organisms that do not grow on Mueller-
Hinton agar. To correlate an MIC with interpretive breakpoints, one must consider the 
levels of drug achievable in various body compartments/fluids as compared to the MIC. 
An interpretation of Susceptible (S) implies that an infection due to the strain may be 
appropriately treated with the proper dosage of drug. Intermediate isolates (I) are strains 
with MICs that can be achieved in vivo but that response rates might be lower than for S 
isolates. The intermediate category also provides a buffer zone to prevent major 
discrepancies in interpretation. Resistant (R) suggests that strains will not be inhibited 
by achievable concentrations of the drug or that specific resistance mechanisms will 
prevent the activity of the drug. 

 
In many laboratories, automated systems are now used to perform modified broth 
microdilution antibiotic susceptibility testing for some organisms on cards or panels 
placed into the instrument.  Some of these automated systems can perform 
identification and antibiotic susceptibility testing in as little as 8-12 hours. 

 
Another alternate susceptibility testing method is a hybrid of disk diffusion and broth 
microdilution is a gradient diffusion method called Etest. This is a commercially 
available testing method that has a gradient of an antimicrobial agent applied to one 
side of a plastic strip. This strip is applied to an agar plate, and the antibiotic diffuses 
into the agar, as with disk diffusion. However, following incubation, an MIC is read 
directly from a scale on the top of the Etest strip at the point where the ellipse of 
inhibition of organism growth intercepts the strip. Etest strips are much more expensive 
than the disks, but their main strength is simplicity for determining a specific MIC value, 
especially for infrequently tested drugs or organisms. 

 
 
Example of an Etest. This isolate has an MIC of 4 ug/mL. 
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The clinician usually does not receive detailed reports about zone sizes or MICs, but 
rather a simplified summary report offering only S, I, or R for each antibiotic tested. The 
intent is that these reports can be used as guidelines to select an appropriate antibiotic 
for treatment of the patient’s infection. 
 

 

Part 2:  Staphylococcus aureus and Staphylococcus pseudintermedius 

 Questions for Part 2: 

1.  Provide examples of Gram positive bacteria: 
a. Gram positive cocci in clusters 
b. Gram positive cocci in chains 

2. Which organisms are part of the Staphylococcus intermedius complex? 
3. What biochemical assay(s) produce the same results of 

Staphylococcus aureus and Staphylococcus pseudintermedius?  What 
biochemical assay(s) can differentiate these two organisms? 
 

Staphylococcus aureus is an opportunistic pathogen of both humans and animals.  In 

humans, clinical presentations can range from toxin-mediated food poisoning (7) to 

endocarditis (8) to skin / soft tissue infections [SSTI] (9).  Population surveys estimate 

that 30-35% of people in the United States are asymptomatically colonized with 

Staphylococcus aureus (10).  This means that it may be found on body surfaces, such 

as the nares, axilla or groin, but does not cause any disease state.  

In animals, Staphylococcus aureus also causes a wide variety of clinical syndromes, 

including orthopedic implant infections, mastitis, pyoderma and also asymptomatic 

carriage (11).  Staphylococcus aureus carriage in dogs was shown to occur with a 

frequency of less than 10% (12).   

Staphylococcus intermedius group is a complex of organisms including Staphylococcus 

intermedius, Staphylococcus pseudintermedius, and Staphylococcus delphini.  The 

most commonly isolated member of the complex is S. pseudintermedius, which can be 

normal flora, found on the skin, nose and mucosal surfaces of dogs.  It has been found 

to colonize other animals, such as pigeons, minks, horses, raccoons and goats.  It is 

also the leading cause of skin and soft tissue infections, also known as pyoderma. 
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A dog with pyoderma. 

 
 

Historically, S. pseudintermedius was thought to be a very uncommon human pathogen, 

associated only with animal bite wounds.  The first report of a human infection that was 

not associated with a dog bite appeared in the literature in 1994 (7), but other than that, 

very little literature associating S. pseudintermedius and human infection can be found 

until recently. 

We now recognize that the incidence of human S. pseudintermedius infection has been 

under-reported as an artifact of laboratory methods.  S. pseudintermedius and S. 

aureus share important phenotypic features:  both are Gram-positive cocci in clusters, 

catalase positive, coagulase positive, and typically form beta-hemolytic colonies on 

sheep’s blood agar.   

 

Staphylococcus aureus growing on sheep’s blood agar, demonstrating beta-hemolysis. 
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In addition, selective medium commonly used for identification of S. aureus, such as 

mannitol salt agar and DNase agar, show common reactivity profiles for S. aureus and 

S. pseudintermedius.  Thus, isolates recovered from human infection were likely 

commonly misclassified as S. aureus. 
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A biochemical assay that can be useful for differentiation of S. aureus from S. 

pseudintermedius is the Pyrrolidonyl Arylamidase (PYR) Test.  S. aureus is PYR 

negative and S. pseudintermedius is PYR positive.  However, this test may be reserved 

only for screening select specimen types, such as isolates recovered from blood 

cultures. 

 

Summary of Biochemical Reactions for S. aureus and S. intermedius group 

 

 

Student Materials 

Case with learning objectives and references 

 

MALDI-TOF MS is an accurate method to differentiate S. aureus and S. 

pseudintermedius.  As MALDI-TOF MS is becoming a common tool used in clinical 

microbiology laboratories, it is now understood that S. pseudintermedius is a more 

common cause of human infection than previously thought.  In one laboratory in the 

United Kingdom, S. pseudintermedius had “never” been recovered, but when the 

laboratory actively sought to differentiate S. aureus from S. pseudintermedius, 32 

isolates were identified during a 32 month period (13).  During the same time period, 
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10,777 isolates of S. aureus were recovered from 39,380 specimens (13).  At Barnes 

Jewish Hospital in St. Louis, MO, S. pseudintermedius was recovered from 23 patients 

in 2014 and 31 patients in 2015, whereas S. aureus was recovered from approximately 

2,000 patients in each of those years (Burnham, unpublished personal observation).  S. 

pseudintermedius was recovered from wound, blood, tissue, bone, joint, and respiratory 

specimens. 

 

 

Part 3:  Antimicrobial Resistance 

 Questions for Part 3: 

1. What are some potential mechanisms for beta-lactam resistance in 
bacteria?  

2. What gene confers methicillin resistance in staphylococci? 
3. What gene confers penicillin resistance in staphylococci? 
4. Disk diffusion with which antimicrobial can be used to predict 

methicillin resistance in Staphylococcus aureus?  Staphylococcus 
pseudintermedius? 

5. Why is accurate identification of S. pseudintermedius in human clinical 
specimens important? 
 

Just as antimicrobial resistance is increasing in S. aureus, it is also increasing in S. 

pseudintermedius.  Most isolates of S. pseudintermedius are resistant to penicillin via 

beta-lactamase production conferred by blaZ.  Methicillin resistance is becoming more 

common in S. pseudintermedius; this is conferred by the gene mecA, as it is in S. 

aureus (14).  Methicillin resistant S. pseudintermedius strains are commonly resistant to 

other antimicrobial agents, such as doxycycline and trimethoprim-sulfamethoxazole.  

Resistance to these two agents is very uncommon in S. aureus. 
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In methicillin-resistant S. aureus (MRSA) a cefoxitin disk is used as a surrogate marker 

for detection of methicillin resistance. 
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However, in S. pseudintermedius, cefoxitin is not an accurate method for predicting 

mecA status, but rather an oxacillin disk should be used as the surrogate marker (14-

16). 
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Thus, the ability to accurately differentiate these two species is more than a matter of 

novelty or trivia, but rather important to provide accurate antimicrobial susceptibility data 

to drive treatment decisions.  As more laboratories adopt MALDI-TOF for bacterial 

identification, we will have a better idea of the incidence of S. pseudintermedius 

infection in humans. 

 

Part 4:  Clinical Impact 

 Question for Part 4: 

1. For the practitioner (human medical or veterinary), what are the 

appropriate communication points to convey to the patient, 

client/owner, or other health professional regarding this infection? 

In humans and in animals, S. pseudintermedius can both colonize and cause disease.  

This means that the microbe may live on body surfaces without any harm, or it can 

cause a variety of types of infection.  The true incidence of S. pseudintermedius in 

humans is not known.  Infection with methicillin-resistant S. pseudintermedius is 

emerging as a major health problem in small animal veterinary medicine.  These 

infections are usually treated with antibiotics.  However, as antimicrobial use continues 

to increase, this is an increasing challenge.  Unfortunately, there are currently no 

studies to provide data on the best ways to prevent transmission and decrease the risk 
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of infection.  In addition, data on the benefit of decolonization (i.e. using an antimicrobial 

therapy to eradicate colonization with the organism) are not well studied at this time. 

A number of guidelines currently exist to aid in the prevention of infection and 

transmission of methicillin resistant S. aureus in human households (17-21).  Some of 

the key recommendations from these guidelines, and studies on this topic include: 

 Personal  hygiene is the primary recommendation for controlling MRSA within the 

household. 

 Open / draining wounds should be covered / bandaged. 

 Regular bathing and hand-washing, particularly after touching infected 

skin or draining wounds. 

 Avoid sharing personal items (razors, towels, linens) with infected 

persons. 

 Environmental hygiene can be considered when basic personal hygiene 

measures have not been effective, but the overall effectiveness of environmental 

measures has not been proven.  In addition, the most effective methods or 

regimens for environmental hygiene are not known at this time. 

 Decolonization of humans should only be considered in selective cases when 

personal hygiene measures have failed and ongoing transmission is suspected.  

Some examples of decolonization measures include intranasal mupirocin, bleach 

baths, and/or chlorhexidine bathing. 

 Routine decolonization of pets is not recommended. 

 Anatomical site of Staphylococcus aureus carriage is not known for pets. 

 Concerns with antimicrobial resistance propagation with decolonization 

exposure. 

It is possible that in the future, with additional study, that these guidelines may be 

helpful to prevent S. pseudintermedius infection as well.   

 

 



20 

 

Reference List 

 

 1.  Branda, J. A., J. Rychert, C. A. Burnham, M. Bythrow, O. B. Garner, C. C. 
Ginocchio, R. Jennemann, M. A. Lewinski, R. Manji, A. B. Mochon, G. W. 
Procop, S. S. Richter, L. F. Sercia, L. F. Westblade, and M. J. Ferraro. 2014. 
Multicenter validation of the VITEK MS v2.0 MALDI-TOF mass spectrometry 
system for the identification of fastidious gram-negative bacteria. 
Diagn.Microbiol.Infect.Dis. 78:129-131. doi:S0732-8893(13)00459-8 
[pii];10.1016/j.diagmicrobio.2013.08.013 [doi]. 

 2.  Clark, C. G., P. Kruczkiewicz, C. Guan, S. J. McCorrister, P. Chong, J. Wylie, 
C. P. van, H. A. Tabor, P. Snarr, M. W. Gilmour, E. N. Taboada, and G. R. 
Westmacott. 2013. Evaluation of MALDI-TOF mass spectroscopy methods for 
determination of Escherichia coli pathotypes. J.Microbiol.Methods 94:180-191. 
doi:S0167-7012(13)00195-4 [pii];10.1016/j.mimet.2013.06.020 [doi]. 

 3.  Dingle, T. C. and S. M. Butler-Wu. 2013. Maldi-tof mass spectrometry for 
microorganism identification. Clin.Lab Med. 33:589-609. doi:S0272-
2712(13)00010-3 [pii];10.1016/j.cll.2013.03.001 [doi]. 

 4.  Hsu, Y. M. and C. A. Burnham. 2014. MALDI-TOF MS identification of anaerobic 
bacteria: assessment of pre-analytical variables and specimen preparation 
techniques. Diagn.Microbiol.Infect.Dis. 79:144-148. doi:S0732-8893(14)00070-4 
[pii];10.1016/j.diagmicrobio.2014.02.007 [doi]. 

 5.  McElvania, T. E. and C. A. Burnham. 2014. Evaluation of the Bruker Biotyper and 
VITEK MS MALDI-TOF MS systems for the identification of unusual and/or difficult-
to-identify microorganisms isolated from clinical specimens. 
Eur.J.Clin.Microbiol.Infect.Dis. 33:2163-2171. doi:10.1007/s10096-014-2183-y 
[doi]. 

 6.  Pence, M. A., T. E. McElvania, M. A. Wallace, and C. A. Burnham. 2014. 
Comparison and optimization of two MALDI-TOF MS platforms for the identification 
of medically relevant yeast species. Eur.J.Clin.Microbiol.Infect.Dis. 33:1703-1712. 
doi:10.1007/s10096-014-2115-x [doi]. 

 7.  Fetsch, A., M. Contzen, K. Hartelt, A. Kleiser, S. Maassen, J. Rau, B. 
Kraushaar, F. Layer, and B. Strommenger. 2014. Staphylococcus aureus food-
poisoning outbreak associated with the consumption of ice-cream. Int.J.Food 
Microbiol. 187:1-6. doi:S0168-1605(14)00303-1 
[pii];10.1016/j.ijfoodmicro.2014.06.017 [doi]. 

 8.  Hoen, B. and X. Duval. 2013. Infective endocarditis. N.Engl.J.Med. 369:785. 
doi:10.1056/NEJMc1307282 [doi]. 



21 

 

 9.  Frazee, B. W., J. Lynn, E. D. Charlebois, L. Lambert, D. Lowery, and F. 
Perdreau-Remington. 2005. High prevalence of methicillin-resistant 
Staphylococcus aureus in emergency department skin and soft tissue infections. 
Ann.Emerg.Med. 45:311-320. doi:S0196064404015057 
[pii];10.1016/j.annemergmed.2004.10.011 [doi]. 

 10.  Graham, P. L., III, S. X. Lin, and E. L. Larson. 2006. A U.S. population-based 
survey of Staphylococcus aureus colonization. Ann.Intern.Med. 144:318-325. 
doi:144/5/318 [pii]. 

 11.  Leonard, F. C. and B. K. Markey. 2008. Meticillin-resistant Staphylococcus 
aureus in animals: a review. Vet.J. 175:27-36. doi:S1090-0233(06)00247-4 
[pii];10.1016/j.tvjl.2006.11.008 [doi]. 

 12.  Boost, M. V., M. M. O'Donoghue, and A. James. 2008. Prevalence of 
Staphylococcus aureus carriage among dogs and their owners. Epidemiol.Infect. 
136:953-964. doi:S0950268807009326 [pii];10.1017/S0950268807009326 [doi]. 

 13.  Lee, J., A. Murray, R. Bendall, W. Gaze, L. Zhang, and M. Vos. 2015. Improved 
detection of Staphylococcus intermedius group in a routine diagnostic laboratory. 
J.Clin.Microbiol. 53:961-963. doi:JCM.02474-14 [pii];10.1128/JCM.02474-14 [doi]. 

 14.  Bemis, D. A., R. D. Jones, R. Videla, and S. A. Kania. 2012. Evaluation of 
cefoxitin disk diffusion breakpoint for detection of methicillin resistance in 
Staphylococcus pseudintermedius isolates from dogs. J.Vet.Diagn.Invest 24:964-
967. doi:1040638712452112 [pii];10.1177/1040638712452112 [doi]. 

 15.  Penna, B., R. F. Rabello, and W. Lilenbaum. 2014. Comparison of cefoxitin disk 
diffusion test and mecA gene PCR results for methicillin resistance detection in 
Staphylococcus intermedius group isolates from canine origin in Brazil. 
Braz.J.Microbiol. 45:235-237. 

 16.  Wu, M. T., C. A. Burnham, L. F. Westblade, B. J. Dien, S. D. Lawhon, M. A. 
Wallace, T. Stanley, E. Burd, J. Hindler, and R. M. Humphries. 2015. Evaluation 
of oxacillin and cefoxitin disk and MIC breakpoints for the prediction of methicillin 
resistance in human and veterinary isolates of Staphylococcus intermedius group. 
J.Clin.Microbiol. doi:JCM.02864-15 [pii];10.1128/JCM.02864-15 [doi]. 

 17.  Fritz, S. A., P. G. Hogan, L. N. Singh, R. M. Thompson, M. A. Wallace, K. 
Whitney, D. Al-Zubeidi, C. A. Burnham, and V. J. Fraser. 2014. Contamination 
of environmental surfaces with Staphylococcus aureus in households with children 
infected with methicillin-resistant S aureus. JAMA Pediatr. 168:1030-1038. 
doi:1900953 [pii];10.1001/jamapediatrics.2014.1218 [doi]. 

 18.  Fritz, S. A., M. Long, C. J. Gaebelein, M. S. Martin, P. G. Hogan, and J. Yetter. 
2012. Practices and procedures to prevent the transmission of skin and soft tissue 



22 

 

infections in high school athletes. J.Sch Nurs. 28:389-396. doi:1059840512442899 
[pii];10.1177/1059840512442899 [doi]. 

 19.  Fritz, S. A., P. G. Hogan, B. C. Camins, A. J. Ainsworth, C. Patrick, M. S. 
Martin, M. J. Krauss, M. Rodriguez, and C. A. Burnham. 2013. Mupirocin and 
chlorhexidine resistance in Staphylococcus aureus in patients with community-
onset skin and soft tissue infections. Antimicrob.Agents Chemother. 57:559-568. 
doi:AAC.01633-12 [pii];10.1128/AAC.01633-12 [doi]. 

 20.  Fritz, S. A., P. G. Hogan, G. Hayek, K. A. Eisenstein, M. Rodriguez, E. K. 
Epplin, J. Garbutt, and V. J. Fraser. 2012. Household versus individual 
approaches to eradication of community-associated Staphylococcus aureus in 
children: a randomized trial. Clin.Infect.Dis. 54:743-751. doi:cir919 
[pii];10.1093/cid/cir919 [doi]. 

 21.  Liu, C., A. Bayer, S. E. Cosgrove, R. S. Daum, S. K. Fridkin, R. J. Gorwitz, S. 
L. Kaplan, A. W. Karchmer, D. P. Levine, B. E. Murray, J. Rybak, D. A. Talan, 
and H. F. Chambers. 2011. Clinical practice guidelines by the infectious diseases 
society of america for the treatment of methicillin-resistant Staphylococcus aureus 
infections in adults and children: executive summary. Clin.Infect.Dis. 52:285-292. 
doi:cir034 [pii];10.1093/cid/cir034 [doi]. 

 
 

Additional Reading 

1. Chambers HF (2006) General Principles of Antimicrobial Therapy. In Goodman 

and Gilman’s: The Pharmacological Basis of Therapeutics 11th edition.  McGraw-Hill, 

New York, NY.  Pg. 1095-1099. 

2. Que Y and Moreillon P. (2010) Staphylococcus aureus (Including Staphylococcal 

Toxic Shock). In Mandell GL, Bennett JE, Dolin R (ed), Principles and Practice of 

Infectious Diseases, 7th Edition.  Churchill Livingstone Elsevier, Philadelphia, PA. p 

2543-2578. 

3. Boerlin P and White DG (2013) Antimicrobial Resistance and Its Epidemiology.  

In  Giguere S, Prescott JF, Dowling PM (ed), Antimicrobial Therapy in Veterinary 

Medicine, 5th edition. Wiley Blackwell, Ames, IA. Pg. 21-40. 

4. CLSI.  Performance Standards for Antimicrobial Disk and Dilution Susceptibility 

Tests for Bacteria Isolated from Animals; Approved Standard – Fourth Edition.  CLSI 

document VET01-A4. Wayne, PA: Clinical and Laboratory Standards Institute; 2013. 



23 

 

5. Centers for Disease Control and Prevention  - Methicillin-resistant 

Staphylococcus aureus (MRSA) infections.  Laboratory Testing for MRSA.  Accessed 2 

Sept 2015 at:  http://www.cdc.gov/mrsa/lab/index.html#a2 

6. Cookson B, Bonten MJM, MacKenzie FM et al. (2011)  Meticllin-resistant 

Staphylococcus aureus (MRSA): screening and decolonization.  International Journal of 

Antimicrobial Agents, 37. 

7. Fritz SA, Hogan PG, Hayek G et al. (2012) Household versus individual 

approaches to eradication of community-associated Staphylococcus aureus in children: 

a randomized trial.  Clinical Infectious Diseases, 54. 

8. Fritz SA, Hogan PG, Singh LN et al.  (2014) Contamination of environmental 

surfaces with Staphylococcus aureus in households with children infected with 

methicillin-resistant S. aureus.  JAMA Pediatrics; 168. 

9. Liu C, Bayer A, Cosgrove SE et al. (2011) Clinical practice guidelines by the 

Infectious Diseases Society of America for the treatment of methicillin-resistant 

Staphylococcus aureus infections in adults and children.  Clinical Infectious Diseases, 

52. 

10. Weese JS.  (2011) Methicillin-resistant staphylococcal infections in pets.  

European Journal of Companion Animal Practice, 21. 

 

About the Authors 

Carey-Ann Burnham is an Associate Professor of Pathology & Immunology, Molecular 

Microbiology, and Pediatrics at Washington University School of Medicine in St. Louis, 

and the Medical Director of Clinical Microbiology for Barnes Jewish Hospital in St. Louis.  

Burnham earned a PhD in Medical Sciences with a focus in microbial pathogenesis at 

the University of Alberta in Edmonton, Alberta, Canada and then completed a fellowship 

in Medical and Public Health Microbiology under the direction of Dr. Mike Dunne at 

Washington University.    

Burnham is currently the director of Washington University’s Clinical Microbiology 

Fellowship and she is the founder and co-editor of Medical Microbiology Question of the 

Day (pathquestions.com).  Burnham’s research interests are in the development of new 

diagnostic assays to improve the health of patients with infectious diseases, and the 

transmission and epidemiology of multi-drug resistant bacteria, including 

Staphylococcus aureus, Clostridium difficile and the Carbapenem-Resistant 

Enterobacteriaceae. 



24 

 

Brian Lubbers is an Assistant Professor at the Kansas State University College of 

Veterinary Medicine.  After earning a Doctor of Veterinary Medicine from Kansas State 

University, he spent 3 years in private veterinary practice with an emphasis on food 

animal medicine and herd health.  He returned to Kansas State University to earn a 

PhD in Microbiology. In 2011, he was certified as a Diplomate of the American College 

of Veterinary Pharmacologists. 

Dr. Lubbers currently serves as the director of clinical microbiology and microbial 

surveillance sections of the Kansas State Veterinary Diagnostic Laboratory.  His primary 

teaching responsibilities are in the food animal medicine, pharmacology and diagnostic 

medicine courses of the veterinary curriculum with a particular emphasis on diagnostic 

testing and therapy of bacterial diseases of animals. 


