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Objectives

* Interpret the results of blood cultures including gram stains and rapid
pathogen diagnhostic tests

* Make recommendations regarding antimicrobial therapy based on
interpretation of blood culture data




Early Initiation of Active Therapy is Essential

Predicted hospital mortality and 95% Cls for

time to first antibiotic administration

Surviving Sepsis Guidelines
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Ferrer R, et al. Crit Care Med. 2014;42:1749-55.
Rhodes A, et al. Crit Care Med. 2017;45:486-552.




De-escalation Also is Important

Surviving Sepsis Guidelines

* Narrow empiric antibiotics once pathogen identified and/or clinical
Improvement

De-escalation Benefit

* De-escalation in severe sepsis, septic shock (N=712)
* Mortality OR 0.54 (95% C1 0.33-0.89, P=.016)

* De-escalation in community-onset gram-negative bacteremia (N=189)
* Mortality OR 0.37 (0.14-0.96, P=.04)

Garnarcho-Montero J, et al. Intensive Care Med. 2014;40:32-40.
Lee C, et al. Diag Micro Infect Dis. 2015;82:158-64.



Issues with Treatment of Sepsis/Bacteremia

Under-treatment
* May die (mortality)
* May not get better as quickly (LOS, cost)
* May develop complications (LOS, cost)

Overtreatment
* May develop toxicities (cost, LOS)
* May develop C. difficile (cost, LOS, readmission)
* May develop resistance (downstream cost, mortality, public health issues)
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What’s Available to Help Us?

e Gram Stain and Initial Culture Result

 Catalase test for Gram positive cocci
* Positive = Staph
* Negative = Strep

* Coagulase test for Staph

e Coagulase + = Staph aureus
* Coagulase - = Coag Negative Staph

* Oxidase test for non-lactose fermenting gram negative rods
* Positive = Pseudomonas
* Negative = Other stuff (Proteus, Salmonella, Acinetobacter, etc.)
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Gram Negative Rods

Lactose Fermenting:

Non-Lactose Fermenting:

E. Coli
Klebsiella
Enterobacter
Citrobacter
Serratia

Oxidase + = Pseudomonas
Oxidase - = Proteus,
Salmonella, Acinetobacter




What’s New?
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Numerous new rapid diagnostic technologies hours
currently approved and near approval @
Bacteremia Growth of Full ID and
Sepsis identified Organism Susceptibility
14-20 hours 12-24 hours 24-48 hours
l:@ @ Bl 08 FIRE Q
SeptiFast | MALDI-TOF
@: Nanosphere
MGRADE QuickFISH™ Chromogenic agars
PNA EISH® Latex agglutination

i Sy

1 28losystems

//Ce,ohe/d@

G \CCELERATE




The Effect of Molecular Rapid Diagnostic Testing on
Clinical Outcomes in Bloodstream Infections: A Systematic
Review and Meta-analysis N=31 studies with 5920 bloodstream infections

Decreased mortality with Rapid Diagnostics
* OR 0.66 (95% Cl .54-.80)

e Significant decrease in
* Gram positives (OR 0.73; .55-.97)
* Gram negatives (OR 0.51; .33-.78)
* With stewardship (OR 0.64; .51-.79)

* Non-significant without stewardship

Shortened time to effective therapy 5 hours and LOS 2.5 days

Timbrook TT, et al. Clin Infect Dis. 2017;64:15-23



Rapid S. aureus and Methicillin-Resistance

* PCR-based test that determines

e Staph aureus vs. Coag-neg Staph
* Methicillin-resistance (mecA)

e How to react to the data

* MRSA = Use vancomycin
* Daptomycin, linezolid alternatives

* MSSA = Use oxacillin/nafcillin or
cefazolin

* Coagulase Negative Staph
* Onlysingle BCX = do nothing

* Two positive BCX = vancomycin vs.
oxacillin/cefazolin




What to do with Staph
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Staphylococcus aureus
mecA negative = M55A

mecA positive = MRSA

Oxacillin 2g q4h

Vancomycin 15 mg/kg Q12h

Cefazolin is an alternative to
oxacillin, but oxacillin preferred

Daptomycin is an alternative to
vancomycin

Staphylococcus genus with
negative 5. aureus PCR
Blood Culture result:

1 of 2 BCX positive

2 of 2 BCX positive
mecA negative

mecA positive

Consider with-holding or

discontinuing therapy as likely
contaminant

Oxacillin 2g g4h

Vancomycin 15 mg/kg Q12h

In severely ill patients consider

starting/continuing therapy until
more definitive results return

Cefazolin is an alternative to
oxacillin, but oxacillin preferred




Multiplex PCR Panels
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OXA (carbapenemase)
VIM (carbapenemase)
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Pathogen Detected

Preferred Therapy

Comments (susceptibility
data from inpatient antibiogram)

Enterococcus genus
van A/B negative

van A/B positive = VRE

Vancomycin 15 mg/kg Q12h

Linezolid 600mg gq12h

Daptomycin is an alternative for
VRE although less active than
linezolid

Staphylococcus aureus
mecA negative = M55A

mecA positive = MRSA

Oxacillin 2g q4h

Vancomycin 15 mg/kg Q12h

Cefazolin is an alternative to
oxacillin, but oxacillin preferred

Daptomycin is an alternative to
vancomycin

Staphylococcus genus with
negative 5. gureus PCR
Blood Culture result:

1 of 2 BCX positive

2 of 2 BCX positive
mecA negative

mecA positive

Consider with-holding or
discontinuing therapy as likely
contaminant

Oxacillin 2g g4h

Vancomycin 15 mg/kg Q12h

In severely ill patients consider
starting/continuing therapy until
more definitive results return

Cefazolin is an alternative to
oxacillin, but oxacillin preferred

Streptococcus pyogenes (Group
A Strep) and Streptococcus
agalactiae (Group B Strep)

Penicillin 3 million units g4h or
Ampicillin 2g IV g4h or
Ceftriaxone 2g IV Q24h

Beta-hemolytic strep are routinely
susceptible to penicillin

Streptococcus pneumoniae
Source of Infection:
Pneumonia

CNS Infection

Penicillin 3 million units g4h or
Ampicillin 2g IV g4h

Ceftriaxone 2g q12h +
vancomycin 15 mg/kg Q12h

Continue vancomycin until
susceptibilities return

Streptococcus genus
Blood Culture result:
1 of 2 BCX positive

2 of 2 BCX positive

Consider with-holding or
discontinuing therapy as likely
contaminant

Ceftriaxone 2g q24h

In severely ill patients consider
starting/continuing therapy until
more definitive results return

Listeria monocytogenes

Ampicillin 2g g4h

TMP/SMX in patients with severe
beta-lactam allergy




Pathogen Detected

Preferred Therapy

Comments (susceptibility
data from inpatient antibiogram)

Acinetobacter baumannii

Meropenem 500mg qbh +/-
gentamicin 7mg/kg daily

Meropenem highest activity, but
only active against 92.5% strains
Consider gentamicin addition in
severely ill patients

E. coli

Ceftriaxone 2g q24h

Ertapenemilg q24h

97% susceptible (92% inpatient)
Pip/tazo 89% susceptible inpatient
99% susceptible (consider in
severely ill)

Klebsiella pneumoniae

Ceftriaxone 2g q24h

98% susceptible

Klebsiella oxytoca

Ertapenem 1g q24h

100% susceptible
Ceftriaxone, pip/taz 88%
susceptible

Serratia marcescens

Ceftriaxone 2g q24h or
Cefepime 1g q6h

96% susceptible
99% susceptible

Enterobacter cloacae complex

Cefepime 1g q6h or

Ertapenem 1g q24h

90% susceptible (87% inpatient,
95% outpatient)
99% susceptible

Proteus spp

Ceftriaxone 2g q24h

98% susceptible

Enterobacteriaceae family
(See list of pathogens detected)

If on combination therapy with
pip/tazo, cefepime, or
carbapenem consider stopping
non-beta lactam agent

May or may not be positive with
species that have individual assays

Pseudomonas aeruginosa

Piperacillin/tazobactam 4.5g
g8h over 4 hours +/-
tobramycin 7 mg/kg daily

Pip/tazo highest activity, but only
active against 92.5% strains
Consider tobramycin addition in
severely ill patients

Neisseria meningitidis

Penicillin 4 million units g4h or
Ceftriaxone 2g q12h

Haemophilus influenzae

Ampicillin/sulbactam 3g q6h or
Ceftriaxone 2g q24h or




Pathogen Detected

Preferred Therapy

Comments (susceptibility
data from inpatient antibiogram)

Candida albicans

Fluconazole 800mg load,
400mg daily

93% susceptible, 3% susceptible
dose-dependent

Consider high dose fluconazole
(1600mg load, 800mg
maintenance dose) if previous
azole exposure

Candida glabrata

Micafungin 100mg g24h

99% susceptible

Candida krusei

Micafungin 100mg g24h

100% susceptible

Candida parapsiolosis

Fluconazole 800mg load,
400mg daily

91% susceptible, 6% susceptible-
dose dependent

Consider high dose fluconazole
(1600mg load, 800mg daily) if
previous azole exposure

Candida tropicalis

Micafungin100mg q24h

100% susceptible

mecA gene

Vancomycin 15 mg/kg Q12h

Marker for methicillin-resistant
Staphylococci (i.e. = MRSA)

van A/B gene

Linezolid 600mg q12h

Marker for vancomycin-resistant
Enterococcus (i.e.= VRE)

kpc gene

Consult ID
Colistin +/- Tigecycline

Marker for carbapenem resistant
Enterobacteriaceae (i.e. = CRE)




Case

e 78 yo with DM, ESRD who started HD in December through fistula.

* Developed weakness, low grade fever

* Swelling at AVF site and CXR with opacities atelectasis vs pneumonia
* WBC 11.6 and PCT 1.7

 Started on Vancomycin and cefepime for HCAP

* 2 of 2 BCX positive Gram positive cocci in clusters at 10 and 13 hours
* What is the most likely pathogen?




Rapid Testing

* Gene Xpert
e Staphylococcus aureus +
* mecA negative

* What does that mean?
* Methicillin-susceptible Staphylococcus aureus (MSSA)

 What should you do with the antibiotics?
1. Stop vancomycin, continue cefepime
2. Stop cefepime, continue vanco
3. Stop both and change to daptomycin
4. Stop both and change to oxacillin




Case

* 58 yo with COPD and alcohol abuse with increasing cough and SOB
* Also vomiting blood

* Develops hypoxic respiratory failure requiring intubation

* Afebrile, WBC 24.6, PCT 1.2

* CXR bilateral patchy opacities

* BCX 2 of 2 positive GPC in pairs and chains at 11 hours

* Started on cefepime and flagyl




Rapid Testing

* Luminex Nanosphere Gram Positive Panel
* Positive Streptococcus and Streptococcus pneumoniae
e Other results all negative

 What do you do with the antibiotics?
 Stop flagyl, continue cefepime
» Stop cefepime and flagyl, start high dose ampicillin
* Add vancomycin to cefepime, flagyl
* Add azithromycin to cefepime, flagyl

* Does he have meningitis? How bad is his pneumonia?
* Meningitis concern = High dose ceftriaxone + vancomycin

* No meningitis concern = PCN or ampicillin or ceftriaxone +/- azithromycin
depending on severity



Rapid Testing

* Luminex Nanosphere Gram Positive Panel
* Positive Streptococcus and Streptococcus pneumoniae
e Other results all negative

 What do you do with the antibiotics?

Streptococcus
pneumoniae

Source of Infection: s icilli
o se ampicillin
Pneumonia Penicillin 3 million units q4h or

Ampicillin 2g IV g4h

. . Ceftriaxone 2g g12h + Vancomycin
CNS Infection 15 mg/ke Q12h

* Does he have meningitis? How bad is his pneumonia?
* Meningitis concern = High dose ceftriaxone + vancomycin

* No meningitis concern = PCN or ampicillin or ceftriaxone +/- azithromycin
depending on severity




Case

e 76 yo female admitted from home with cough and fever. Bilateral
infiltrates on CXR. Requiring 6L O2. WBC 18, PCT 4.2. Diagnosed
with influenza 4 days ago and on Tamiflu. Was improving, now worse.

 Started on ceftriaxone and azithromycin for CAP
* BCX 1 of 2 growing GPC in clusters at 10 hours
* Rapid Test Results

e Staph aureus + e Staph aureus —
* mecA + vs * mecA +

* Antibiotic changes?




Case

* 84 yo female sent to ED from LTCF due to fever. Found to be confused
and hypoxic. CXR with atelectasis vs. pneumonia. UA with pyuria.
WBC 16, PCT 1.8.

* Admitted and started on vancomycin, cefepime, azithromycin
* BCX 2/2 GNR at 13 hours

* Rapid ID positive for
 Enterobacteriaceae and E. coli




Case

E. coli

Community-onset (CO):

Ceftriaxone 2g q24 OR
Piperacillin/tazobactam 4.5 g g8h
(consider with history of resistance,
recurrent UTI, recent FQ exposure,
or recent hospital stay)

Nosocomial-onset (NOJ:

Piperacillin/tazobactam 4.5 g g8h
OR Ertapenem 1g g24h

Ceftriaxone: 86-96% susceptible

e 91-96% CO susceptible (91% blood)
e 78-89% NO susceptible (78% blood)
Pip/tazo: 94-98% susceptible

e 95-98% CO susceptible (97% blood)
e  54-95% NO susceptible (94% blood)
Cefepime: 78-97% susceptible

e 92-97% CO susceptible (92% blood)
e 78-92% NO susceptible (78% blood)
Levofloxacin: 69-84% susceptible (75%

blood)

o  30-84% CO susceptible

o  £69-74% NO susceptible
Ertapenem: 100% susceptible




Cases

* 41 yo male with ALL on chemotherapy admitted with leukocytosis
and hypotension. Blood cultures are drawn and he is started on
piperacillin/tazobactam and vancomycin. Next day he is feeling a bit
better.

* BCX 1/2 positive for Gram Negative Rods in aerobic and anaerobic
bottles at 11.5 hours.

* What do you do with his antibiotics?
* Rapid Blood Panel Results




(¥) Direct blood pathogen identification panel
Collected: 1/14/2018 02:35 Status: Final result Visible to patient: No (Mot Released) Mext appt: 01/26/2018 at 11:00 AM in Oncology (L

3d ago
Ref Range & Units (1/14/18)
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Enterococcus genus
Listeria monocytogenes
Staphylococcus genus
Staphylococcus aureus
Streptococcus genus
Streptococcus agalactiae
Streptococcus pneumoniae
Streptococcus pyogenes
Acinetobacter baumannii
Enterobacteriaceae family
Enterobacter cloacae complex
Escherichia coli

Klebsiella oxytoca
Klebsiella pneumoniae
Proteus

Serratia marcescens
Haemophilus influenzae
MNeisseria meningitidis
Pseudomonas aeruginosa
Candida albicans

Candida glabrata

Candida krusei

Candida parapsilosis
Candida tropicalis

Mot Detected
Mot Detected
Mot Detected

Mot Detected

Mot Detected
Mot Detected
Mot Detected
Mot Detected
Mot Detected
Mot Detected
Mot Detected
Mot Detected
Mot Detected
Mot Detected
Mot Detected
Mot Detected
Mot Detected
Mot Detected
Mot Detected
Mot Detected
Mot Detected
Mot Detected
Mot Detected

Hot Detected
Not Detected
Hot Detected
Hot Detected
Hot Detected
Hot Detected
Hot Detected
Hot Detected
Hot Detected
HNot Detected
DETECTED 1

Hot Detected
Hot Detected
Hot Detected
Hot Detected
Hot Detected
Not Detected
Hot Detected
Hot Detected
Hot Detected
Hot Detected
Hot Detected
Hot Detected
Not Detected
Hot Detected




@ Direct blood pathogen identification panel

Collected: 1/14/2018 02:35 Status: Final result Visible to patient: No (Mot Released) Mext appt: 01/26/2018 at 11:00 AM in Oncology (L

Enterobacteriaceae

Designed to detect less
common Enterobacteriaceae

Cedeceae spp.
Citrobacter spp.
Cronobacter spp.
Enterobacter spp.
Escherichia spp.
Klebsiella spp.

Kluyvera spp.

Leclercia adecarboxylata
Proteus spp.

Raoultella spp.
Salmonella spp.
Shigella spp.

Serratia marcescens
Serratia ficaria
Serratia entomophila
Yokenella regensbergei

Morganella morganii
Providencia spp.
Rahnella spp

Serratia liquefaciens
Serratia plymuthica
Tatumella ptyseos
Yersinia enterocolitica

What is Enterobacteriaceae?

Need to know what is covered
and what isn’t in your panels

Vancomycin stopped.

Grew Citrobacter freundii
susceptible to amp/sul

Enterobacteriaceae
family only
(See list of potential
pathogens in

| Table 4)

Piperacillin/tazobactam, cefepime,
or ertapenem

If on combination therapy (FQ or AG)
with pip/tazo, cefepime, or carbapenem
consider stopping non-beta lactam
agent as all have excellent activity




