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Learning Objectives

1 T d t d th i t f St h l1. To understand the importance of Staphylococcus 
aureus infections, their diverse natures, and the 
organism’s inherent virulence.g

2. To understand how to distinguish between Staph 
aureus bacteremia and endocarditis.

3 To understand when to use echocardiography in3. To understand when to use echocardiography in 
evaluating Staphylococcus aureus bacteremia

4. To understand currently available antibiotic 
th i f St h b t i / d dititherapies of Staph aureus bacteremia/endocarditis.

5. To understand appropriate duration of therapy for 
Staphylococcus aureus bacteremia/endocarditis.p y



Wh  i  it i t t t  d t d b t Why is it important to understand about 
Staphylococcus aureus bacteremia?

1 It is common1. It is common.
2. The organism is virulent.
3 The organism can be multi-drug3. The organism can be multi-drug 

resistant.
4 It can have all sorts of endovascular4. It can have all sorts of endovascular 

and metastatic complications.



Staphylococcal aureus Bacteremia Staphylococcal aureus Bacteremia 
(SAB) is Common

• Overall frequency of Staph aureus bacteremia is 
increasing.
• From 1980-89 rates of SAB went up by 283% as 

reported to NNIS by non-teaching hospitals; by 176% 
in large teaching hospitals

h h d b h d• By 1998 Staph aureus had become the second most 
common bloodstream isolate.

• Increasing use of invasive procedures, prosthetic 
devices  and intravascular catheters likely underlies the devices, and intravascular catheters likely underlies the 
increased incidence of this disease.



Staph aureus Staph aureus 
Infections 

are Common

The 5 most frequently 
occurring bacteria 
(Escherichia coli, 
Staphylococcus aureus,
enterococci, Pseudomonas 
aeruginosa, and 
coagulase‐negativecoagulase negative 
staphylococci [CoNS]) 
identified in 3,209,413 clinical 
isolates from hospital 
inpatients (top) and 

t ti t (b tt ) i thoutpatients (bottom) in the 
United States from 1988 
through March 2005. 

Styers et al, Ann Clin Microbiol Antimicrob 2006;5:2.



Staphylococcus 
aureus is very 
resourceful 
and virulent

DeLeo et al, ID Clinics of NA, 23:1, 17-34, 2009
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Staphylococcus aureus Infections - Pathogenesisp y g

Staphylococcus aureus has evolved numerous means to avoid destruction 
by the human innate immune system including those that block almost allby the human innate immune system, including those that block almost all 
of the key antimicrobial functions of phagocytic leukocytes. It has the ability 
to up‐regulate virulence factors under stressful stimuli (e.g., host immune 
response or circulating antibiotics).g )

•Adhesion and colonization – ability to adhere to/colonize the nares, 
damaged skin or the surfaces of implanted devices or prostheses. g p p
•Tissue Invasion – ability to secrete exfoliative toxins, hemolysins, 
other enzymes.
•Immune Evasion - ability to secrete anti‐opsonizing proteins, 
leukotoxins (e g Panton Valentine leukocidin) superantigensleukotoxins (e.g.Panton‐Valentine leukocidin), superantigens
•Biofilms – ability to elaborate slimy biofilms on damaged skin, fitted 
medical devices, and healthy or damaged heart valves.



St h l   i  i i glStaphylococcus aureus is increasingly
Multi-drug Resistant

•Sixty percent of ICU Staphylococcus aureus 
isolates as reported to NNIS are now methicillin 
resistant (MRSA)( )
•Vancomycin intermediate (VISA) and Vancomycin 
resistant (VRSA) strains of Staphylococcus aureus 
have been encountered clinicallyhave been encountered clinically.



Mandell, Bennet, Dolin , Principles and Practice of Infectious Diseases, 6th ed., 2005



Staph aureus Bacteremia can have Staph aureus Bacteremia can have 
“Protean” Endovascular and Distant 

Complications.

•Rates of infective endocarditis due to Staph aureus are increasing
•Majority of cases still community acquired but healthcare-

Complications.

Majority of cases still community acquired but healthcare
associated cases rising likely due to increasing prevalence of 
implantable devices, interventional procedures

•Common metastatic sites of infection associated with Staph aureus 
bacteremia include:

•Septic arthritis
•Hematogenous osteomyelitis (kids)
•Vertebral osteomyelitis/discitisVertebral osteomyelitis/discitis
•Hepatosplenic abscesses
•Brain abscesses



Staphylococcus aureus – Clinical Staphylococcus aureus Clinical 
Syndromes

Ski d S ftSkin and Soft
Tissue Infection Pneumonia

Bone and Joint 
I f ti

Toxigenic 
S dInfection Syndromes

Bacteremia and 
Infective

Endocarditis

Other Deep 
Space Infection,

SSI’sEndocarditis SSI s





C  #1Case #1

45 y.o. white female with Crohn’s disease in the hospital receiving45 y.o. white female with Crohn s disease in the hospital receiving 
TPN via a central line becomes acutely febrile. Blood cultures 12 
hrs later are reportedly positive for Staphylococcus aureus. She 
promptly becomes afebrile after IV antibiotics are begun and the 
line removed. Repeat BCs are negative.

Questions

1.What is the antibiotic of choice?
2.How long should she be treated with IV antibiotics?
3 Does she need an echocardiogram to rule out infective3.Does she need an echocardiogram to rule out infective 
endocarditis? If so, what type (TTE vs TEE)?



C  #2Case #2

75 y.o. white female, previously healthy, admitted to the hospital75 y.o. white female, previously healthy, admitted to the hospital 
with a three day history of shaking chills and fever without 
otherwise localizing findings. Blood cultures 12 hours later are 
reportedly positive for MSSA. Despite prompt initiation of IV 
nafcillin, blood cultures on day 3 and five of her hospitalization 
remain positive.

Questions

1.What is the antibiotic of choice?
2.How long should she be treated with IV antibiotics?
3 Does she need an echocardiogram to rule out infective3.Does she need an echocardiogram to rule out infective 
endocarditis? If so, what type (TTE vs TEE)?



Approach to the Potentially Bacteremic Approach to the Potentially Bacteremic 
Patient – Obtaining Blood Cultures

1. Do cultures before antibiotics!
2. Skin antisepsis – 70% isopropyl alcohol
3. Never do just one blood culture!3. Never do just one blood culture!

A. Less chance of isolating the culprit
B. Won’t demonstrate continuous bacteremia
C. Can’t distinguish contaminant from true bacteremiag

4. Optimal number and volume – unknown but three cultures, 
each 20 cc may be “ideal” in adults

5. Optimal timing of blood cultures 
A. Likely virulent pathogen – blood cultures q 5”
B. Less virulent – blood cultures over several hours

6. Peripheral venipuncture preferred



Types of Bacteremiasyp

Seifert, H., Clinical Infectious Diseases 15 May 2009, Vol. 48, No. s4: S238-S245.



Infective Infective 
Endocarditis



How Do You Diagnose Infective 
Endocarditis versus “Simple” Bacteremia?



Staphylococcus aureus Bacteremia – Risk Staphylococcus aureus Bacteremia Risk 
Factors for Endocarditis

Clinical Infectious Diseases 2009;48:S246–S253



Staphylococcus aureus Bacteremia –Staphylococcus aureus Bacteremia 
Is it Endocarditis?

1. Risk factors for IE and metastatic disease
A. “Oslerian” physical findingsA. Oslerian  physical findings
B. Cardiac valvular disease
C. Prosthetic implants
D. Community acquired bacteremiay q
E. Older age
F. Persistent bacteremia

2. Unfortunately the above factors will not identify a 
significant proportion of those with Staph aureus IE –
A. “Oslerian” findings very insensitive 
B. Staph aureus can cause IE in patients without VHD



I f i  E d di i  Infective Endocarditis -
Diagnosis

Circulation 2005; 111:e394-e434



Echocardiography in Assessing Likelihood Echocardiography in Assessing Likelihood 
of Infective Endocarditis 



Role of Echocardiography in EvaluatingRole of Echocardiography in Evaluating 
Staphylococcus aureus Bacteremia

1. Echocardiography has a crucial role in excluding endocarditis
A. A negative TEE in patient without prosthetic heart valves has 

excellent negative predictive value.
2 T th i t h l h2. Trans-thoracic versus trans-esophageal echo

1. TEE more sensitive than TTE but “invasive,” costly
2. TEE indicated in patients with valvular prostheses
3. IDSA recommends TEE in all patient with catheter related SAB:

If not contraindicated, TEE should be done to rule out vegetations in patients with catheter-
related Staphylococcus aureus bloodstream infection because of recently reported high rates 
of complicating endocarditis (B-II) [27–30]; if TEE is not available and results of transthoracic 

p

echocardiography are negative, the duration of therapy should be decided clinically for each 
patient.        

Guidelines for the Management of Intravascular Catheter–Related Infections

Mermel, et al, Clinical Infectious Diseases, 2001:32, 1249



"Guidelines for the Management of Intravascular Catheter–
R l t d I f ti “ 2009Related Infections“ - 2009

Clinical Infectious Diseases 2009;49:1-45



Antibiotic Therapy – Staphylococcus Antibiotic Therapy Staphylococcus 
aureus Bacteremia/Endocarditis

CDC PHIL

Remember – Source Control!



Antibiotic Therapy of Staph aureus Antibiotic Therapy of Staph aureus 
Bacteremia (Methicillin Sensitive)

•Semi-synthetic penicillins – nafcillin or oxacillin 
are the drugs of choice.g
•First generation cehalosporins such as cefazolin 
are alternatives for persons with penicillin allergy
•Vancomycin can used for persons with severe•Vancomycin can used for persons with severe 
penicillin allergy.
•Static drugs such as clindamycin would not be 

f d i SABpreferred in SAB.



AntibioticAntibiotic 
Therapy
Staph 
aureus
Endocarditis, 
N ti V lNative Valve

Circulation 2005; 111:e394-e434
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Endocarditis – Indications for SurgeryEndocarditis Indications for Surgery

Infection with certain micro-organisms including Staph 
aureus is a relative indication for valve replacement as are 
all cases of prosthetic valve endocarditis.

Circulation 2005; 111:e394-e434



Duration of Antibiotic Therapy for Staph 
aureus bacteremia, not Endocarditis

1. “Simple bacteremia,” negative TEE – can be as 
short as two weeks

2. Uncomplicated SAB, no TEE – four weeksp ,
3. Complicated SAB (presence of metastatic sites of 

infection, etc.) – four to six weeks of Rx along with 
“source control”source control



Simple Bacteremia – A Bit More

•Catheter‐associated infection and removal of the 
catheter
N ti lt f f ll bl d lt•Negative result of follow‐up blood culture

•Defervescence within 72 h
•Normal findings on transesophageal echocardiogramg p g g
•No prosthetic material in the joints or intravascular 
space
•No symptoms suggestive of metastatic infectionNo symptoms suggestive of metastatic infection

Fowler VG Jr. Arch Intern Med 2003;163:2066–72.



Complicated Staph aureus BacteremiaComplicated Staph aureus Bacteremia

Fowler VG Jr. Arch Intern Med 2003;163:2066–72.



Th  f MRSA B t iTherapy of MRSA Bacteremia

1. Vancomycin generally the drug of choice
A. Slower cidal activity
B H t t iB. Heterogeneous strains

2. Daptomycin (Cubicin) – probably good. Avoid in 
MRSA pneumoniap

3. Linezolid (Zyvox) – static, some failures in treatment 
of IE – Avoid in bacteremic illness

4 Tigecycline (Tygacil) – low serum levels – Avoid in4. Tigecycline (Tygacil) low serum levels Avoid in 
bacteremic illness
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C  #2Case #2

75 y.o. white female, previously healthy admitted to the hospital75 y.o. white female, previously healthy admitted to the hospital 
with a three day history of shaking chills and fever without 
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Thank you for 
your attention!

http://www.samaritanid.com/ID_lectures


