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Case Scenario

A 72-year-old man is hospitalized because of fever, chills, and cough 

that have persisted for the past week. His medical history includes 

congestive heart failure, chronic bronchitis, and diabetes mellitus. 

On physical examination, he is alert and in moderate respiratory 

distress. His temperature is 39 °C (102.2 °F), pulse rate is 120/min, 

respiration rate is 36/min, and blood pressure is 100/60 mm Hg. The 

physical examination reveals crackles in both lung fields at the 

bases. The jugular venous wave is noted 12 cm above the right 

atrium, and a soft S3 gallop is present on auscultation. 



Case Scenario (contd)

The leukocyte count is 21,000/μL, serum sodium is 124 meq/L, and 

serum creatinine is 2.4 mg/dL. Chest x-ray shows infiltrates in the 

right upper, left upper, and left lower lobes. Bronchiectactic changes 

are seen throughout the lower lung fields bilaterally. Measurement of 

arterial blood gases obtained on room air shows the following: pH, 

7.38; Paco2, 32 mm Hg; and Pao2, 58 mm Hg. 

A diagnosis of congestive heart failure (CHF) and a superadded 

pneumonia was made.  In addition to management of his CHF, he 

was started on empiric antimicrobial therapy with Piperacillin-

tazobactam and levofloxacin.  



Case Scenario (contd)

 This patient has severe community-acquired pneumonia 

(pneumonia severity index class 5) complicated by 

bronchiectasis. 

 Risk factors responsible for this patient’s increased risk of 

mortality include advanced age, significant comorbidities, 

unstable vital signs, significant hypoxia, hyponatremia, and acute 

renal failure. 

 The most common causes are Streptococcus pneumoniae, 

Legionella species, aerobic gram-negative bacilli, Haemophilus

influenzae, Mycoplasma pneumoniae, and respiratory viruses. 

 Pseudomonas aeruginosa is more common among patients with 

structural lung disease, and should be covered



Case Scenario (contd)

Despite optimal therapy, the patient’s clinical condition progressively 

deteriorated and he developed worsening hypotension refractory to 

pressor support.   

Blood and sputum cultures grew Pseudomonas aeruginosa, 

carbapenemase-resistant (CRE).  Antimicrobial therapy was changed 

to Colistine methanesulfate (Colistin) and tobramycin based on 

susceptibility data.  

Progressive acute kidney injury developed, and multi-organ failure 

developed.  The patient ultimately succumbed to his illness.



Antimicrobial Resistance Growing!!!

Microbes with established 

resistance mechanisms

h-VISA and VRSA

Carbapenemase producing 

K. pneumoniae (KPC gene)

Vancomycin-resistant

E. faecium 

Multi-drug resistant P.aeruginosa

and A. baumanii

MRSA

NDM-1 E. coli

Mutant STEC producing more virulent disease

Toxinotype ‘O’ C.difficile

MDR and XDR M. tuberculosis

mcr-1  induced colistin-resistant

P. aeruginosa



Agriculture

Inpatient 

Outpatient

Antibiotic Use Leads to 
Antibiotic Resistance





Reasons for Antibiotic Overuse :
Conclusions from 8 Focus Groups

Patient Concerns

• Want clear explanation

• Green nasal discharge

• Need to return to work

Physician Concerns

• Patient expects antibiotic

• Diagnostic uncertainty

• Time pressure

Barden L.S. Clin Pediatr 1998;37:665

Antibiotic Prescription



Antibiotic Use Leads to 
Antibiotic Resistance

• Resistant bacteria or their 
genetic determinates are 
selected when colonizing or 
infecting bacteria are exposed 
to antibiotics

• Resistant bacteria can then be 
transmitted between patients

• Highest risk patients:
– Immunocompromised
– Hospitalized
– Invasive devices 

(central venous catheters)



Mutations are central to the growth 
of antibiotic resistance

http://www.ideacenter.org/contentmgr/showdetails.php/id/1096 



Antibiotic Mechanism of Action

Daptomycin

DaptomycinDaptomycinDaptomycinDaptomycinLinezolid

Daptomycin

Linezolid



Mechanisms Of Antibiotic Resistance
• Bacteria are capable of 

becoming resistant through 
several mechanisms

• One or many mechanisms 
may exist in an organism

• Genes encoding resistance 
may exist on plasmid or 
chromosome 

Alteration in 

Target 

Molecule

Decreased 

Permeability



Mechanisms of Resistance
Antibiotic Degrading Enzymes

• Sulfonation, phosphorylation, or esterifictation 
– Especially a problem for aminoglycosides

• β-lactamases

– Simple, extended spectrum β-lactamases (ESBL), 
cephalosporinases, carbapenemases

– Confer resistance to some, many, or all beta-lactam 
antibiotics

– May be encoded on chromosome or plasmid

– More potent in gram-negative bacteria

– Examples: S. aureus, H. influenzae,  N. gonorrhoeae, E. 
coli, Klebsiella sp., Enterobacter sp.,  Serratia sp., other 
enteric bacteria, anaerobes



Extended Spectrum -lactamases  
• -lactamases capable of hydrolysing extended 

spectrum cephalosporins, penicillins, and aztreonam

• Most often associated with E. coli and Klebsiella
pneumoniae but spreading to other bacteria

• Usually plasmid mediated

• Aminoglycoside, ciprofloxacin and trimethoprim-
sulfamethoxazole resistance often encoded on same 
plasmid



Class A Carbapenemases
• Most common in Klebsiella pneumoniae (KPC)

• Also seen in E. coli, Enterobacter, Citrobacter, 
Salmonella, Serratia, Pseudomonas  and Proteus spp.

• Very often with multiple other drug resistance 
mechanisms, resistance profile similar to ESBL but 
also carbapenem resistant

• Spreading across species to other gram-negatives and 
enterobacteriaceae



Mechanisms of Resistance

Decreased Permeability
• Pseudomonas spp.

• Affects many antibiotics including carbapenems

Efflux Pumps
• Pseudomonas spp. (multiple antibiotics)

• Tetracyclines

• Macrolides



Mechanisms of Resistance
Target Alteration

• DNA gyrase 

• Fluoroquinolones

• Many gram-negatives, S. pneumoniae

• Penicillin-binding protein

• Methicillin-resistant S. aureus  (MRSA)

• Penicillin-resistant S. pneumoniae

• Gram positive cell wall

• Vancomycin

• Enterococcus spp.



Mechanisms of Resistance
Target Alteration (cont’d)

• Ribosome 

• Tetracyclines

• Macrolides

• S. pneumoniae, Staphylococcus sp., N. 
gonorrhoeae, enteric gram-negative rods



Mechanisms of Resistance
Target Alteration (cont’d)

• Plasmid-mediated (mcr-1) 

• Colistin

• Polymixin-B

Enteric gram-negative rods

Liu Y-Y, Wang Y, Walsh TR, et al. Emergence of plasmid-mediated colistin resistance 
mechanism MCR-1 in animals and human beings in China: a microbiological and 

molecular biological study. Lancet Infect Dis 2015, Nov. 18. 
http://dx.doi.org/10.1016/S1473-3099(15)00424-7



• Imidazole-resistant Candida spp. 

• Multidrug-resistant tuberculosis

• Multidrug-resistant malaria

• Anti-viral resistant influenza

Resistance extends beyond bacteria 



How do we choose an antimicrobial 

regimen?

Know the anticipated microbiology when starting empiric therapy

De-escalation of therapy once a microbiologic diagnosis is made

Duration of therapy

Synergistic antimicrobial therapy

Pre-operative antimicrobial use/surgical skin preparation

Chronic suppressive therapy in the setting of prosthetic devices

Antimicrobial selection pressure/surveillance of resistance



The Global Crisis of 
Antimicrobial Production

http://www.depressionofspirits.com/wp-content/uploads/2008/09/medications.png








Antibiotic Prescriptions drop by 24% as a result of CDC 

campaign from 1993-2008

• CDC Campaign – Get Smart: Know When Antibiotics Work 
(Sept 2, 2011)



Recent History of Antiinfective-Drug Discovery

Wenzel RP. N Engl J Med 2004;351:523-526.



The Return on Investment (ROI) on Antimicrobials

Risk-adjusted net present value (NPVR)

– (Return in future $$ after adjustment for the investment 
and any lost income expressed in millions of $$) 

– - Oncologic agents NPVR  300

– - Neurologic agents NPVR  720

– - Musculoskeletal agents NPVR  1125

– - Hyperlipidemia and hypoglycemic agents NPVR  1500

– - Antibiotics NPVR  100



The Generating Antibiotic Incentives Now (GAIN) Act was passed 

in an attempt to incentivize the development of new antibiotics—a 

response to both growing rates of microbial resistance to 

antibiotics and a dearth of new antibiotic products in 

manufacturers' pipelines. 

One of the GAIN Act's main provisions is Section 505E, which 

grants companies an additional five years of market exclusivity if 

they develop an antibiotic intended for a "qualified infectious 

disease."

The GAIN Act



Emergence of a new antibiotic resistance mechanism in India, Pakistan, and the UK: a 

molecular, biological, and epidemiological study

Karthikeyan K Kumarasamy, MPhil, Mark A Toleman, PhD, Timothy R Walsh, PhD, Jay Bagaria, MD, Fafhana Butt, MD, Ravikumar Balakrishnan, 
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Jane Turton, PhD, Supriya Upadhyay, PhD, Marina Warner, PhD, William Welfare, PhD, David M Livermore, PhD and Neil Woodford, PhD

The Lancet Infectious Diseases

Volume 10, Issue 9, Pages 597-602 (September 2010)
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What can be done to reduce antimicrobial 

resistance?

Early microbiological diagnosis

De-escalation of therapy

Not prescribing an antibioitic is not lack of care, but is often ‘better care”

– Get Smart Initative of the CDC

– Use of insulin or chemotherapy only when indicated

Handwashing campaigns

Strict isolation of multi-drug resistant organisms in hospital

Once initiated, completion of therapy

Decreasing the role of antimicrobial use in agriculture



Well Plate for MIC Testing

Many Labs Use 
Automated Testing

Susceptibility testing



Other Methods for Determining 

Susceptibility

E-test®
Kirby-Bauer

Disk Diffusion

Agar dilution
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Disease State Preferred Alternative (for allergic patients)

Skin and soft tissue infection

Oral Therapy:   Cephalexin

Intravenous Therapy:   Cefazolin or oxacillin

Oral Therapy:   Cephalexin plus trimethoprim/sulfa

Intravenous Therapy:   Vancomycin

Intravenous Therapy: Vancomycin + ceftazidime

Clindamycin

Vancomycin*

Doxycycline

Daptomycin*

Vancomycin + ciprofloxacin*

Cellulitis without abscess or phlegmon

Cellulitis with abscess or phlegmon

Cellulitis with severe sepsis

Diabetic foot infection with ulcer or necrosis Cefoxitin or Ampicillin/sulbactam Clindamycin + ciprofloxacin*

C. difficile Colitis Metronidazole PO (IV if unable to tolerate PO); 

Vancomycin PO for severe disease 

Vancomycin PO 

Intra-Abdominal Infection

Cefoxitin

Cefepime + metronidazole

Ciprofloxacin* + metronidazole

Levofloxacin*# + metronidazole

Diverticulitis, peritonitis, perforation, biliary tract infection

Diverticulitis, peritonitis, perforation, biliary tract infection 

with severe sepsis

UTI

Oral Therapy:   Nitrofurantoin for 5 days (creatinine 

clearance must be >60/min)

Oral Therapy:   Ciprofloxacin for 7 days

Intravenous Therapy:   Ampicillin + ceftazidime

Trimethoprim-sulfamethoxazole for 3 days

Trimethoprim-sulfamethoxazole for 14 days

Ciprofloxacin*

Cystitis

Pyelonephritis

Pyogenic meningitis

Dexamethasone first, then ceftriaxone (2 gm) + vancomycin*.  

Consult ID.

Dexamethasone first, then ceftriaxone (2 gm) + vancomycin* + 

ampicillin (2 gm).  Consult ID.

Consult ID

Consult ID

Adult

Adult (if Listeria a concern)

Febrile neutropenia Cefepime (add tobramycin if patient hemodynamically unstable due 

to sepsis)

Ciprofloxacin* + tobramycin



















Applause!!



QUESTIONS??


