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Deaths Attributable to Antimicrobial Resistance Every Year by 2050
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The Discovery and Consequent Development of Antibiotic Resistance
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TROUBLING CORRELATION

The risk of inflammatory bowel diseases in
children rises with the number of courses of
antibiotics taken.
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Infectious Disease Mortality in the United States

During the 20t Century

US deaths declined by ~ 220
per 100,000 in 15 years

1940 1960 1980

Modified from Armstrong, G. L. et al. JAMA 1999;281:61-6.
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Why We Need Antibiotic Use
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Proportion of Visits With an Antibiotic Prescription
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Temporal trends in the proportion of all antibiotics

2005 2006 2007 2008 2009 2010 2011 2012

Macrolides
Penicillins
Fluoroquinolones

—-—-—= Others (tetracyclines, cephalosporins, folate pathway inhibitors)
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Forest plot showing individual study and pooled ORs (log scale) for resistance in urinary

tract bacteria (E coli) and antibiotic exposure.

Time period, Antibiotic Resistance in Odds ratio
study exposure unexposed (95% C1)
(control) group (%)
0-1 month
Donnan'”  Trimethoprim NR i
Hillier? Trimethoprim 20
Hillier® Amoxicillin 20 —_—
Pooled odds ratio <&
Test for heterogeneity: 1°=0.0%, P=0.576
0-3 months
Donnan!”  Trimethoprim NR =
Hillier1® Trimethoprim 39 ——
Hillier?® Amoxicillin 39 ——
Hay'® Any antibiotic 20 ——
Pooled odds ratio <>
Test for heterogeneity: 12=0.0%, P=0.796
0-6 months
Steinke?  Any antibiotic* 19 E 3
Donnan'  Trimethoprim NR E &
Steinke?>  Trimethoprim 19 E =
Hillier? Amoxicillin 28 L N
Donnan'”  Any antibiotic* NR ——
Hillier?? Trimethoprim 28 -
Metlay 24 ST 28 ——
Pooled odds ratio -
Test for heterogeneity: 1°=89.2%, P=0.000
0-12 months
Donnan’”  Trimethoprim NR
Donnan!”  Any antibiotic* NR
Hillier*? Amoxicillin 19 ——
Hay® Any antibiotic* 38
Hillier*® Trimethoprim 19 ——
Pooled odds ratio <
Test for heterogeneity: 1°=71.9%, P=0.007
0.1 1 10

Antibiotic use
associated with
susceptibility

* Any antibiotic other than trimethoprim. ST=sulfamethoxazoIe-trimetE?%rli?.eN%?

Antibiotic use
associated with
resistance

0dds ratio
(95% CI)

4.45 (3.78 10 5.21)
4.85 (2.63 to 8.94)
3.11 (1.57 to 6.17)
4.40 (3.78 10 5.12)

2.60 (2.04 t0 3.33)
2.62 (1.69 to 4.07)
2.26 (1.41t0 3.62)
1.93 (1.06 to 3.51)
2.48 (2.06 to 2.98)

1.36 (1.14 to 1.61)
1.67 (1.32 t0 2.10)
3.95 (3.04 to 5.12)
1.83 (1.39 to 2.42)
1.65 (1.10 to 2.46)
2.57 (1.83 t0 3.61)
4.10 (2.20 to 7.50)
2.18 (1.57 t0 3.03)

1.22 (1.16 to 1.28)
1.18 (1.06 to 1.32)
1.62 (1.18 to 2.23)
1.13 (0.79 to 1.63)
2.36 (1.59 to 3.50)
1.33 (1.15 to 1.53)

55t81iSe et al. BMJ 2010;340:bm;j.c2096



Forest plot showing individual study and pooled ORs (log scale) for resistance in respiratory
tract bacteria and previous antibiotic prescribing.

Time period, Antibiotic Resistance in 0Odds ratio Odds ratio

study exposure unexposed (95% CI) (95% C1)
(control) group (%)

0-1 month

Beekmann?? Any antibiotic 13 2.10 (1.05 to 4.26)
Pooled odds ratio 2.10 (1.04 to 4.23)
0-2 months

Seaton *® Any antibiotic 13 2.10 (1.20 to 3.60)

Ciftci® Macrolide 2 4.19 (1.23 t0 14.26)

Pooled odds ratio R 2.37 (1.42 to 3.95)
Test for heterogeneity: 1°=1.6%, P=0.313

0-3 months

Schrag?? B lactam 33 1.50 (1.20 to 1.80)
Samore *? Cephalosporin 17 2.30(1.04 to 5.10)
Samore Penicillin 17 —— 1.80 (0.80 to 4.20)
Samore Macrolide 17 = 0.40 (0.10 to 1.30)

Pooled odds ratio - 1.48 (0.95 to 2.32)
Test for heterogeneity: 1°=44.2%, P=0.146

0-6 months

Ghaffar?* B lactam 14 —P 1.56 (0.50 to 4.86)
Ghaffar B lactam* 14 — ==+ 3093 (0.44 t035.28)
Pooled odds ratio o 1.90 (0.69 to 5.21)
Test for heterogeneity: 1°=0.0%, P=0.463
0-12 months
Beekmann?® Any antibiotic 13 1.28 (0.64 to 2.54)
Samore 33 Penicillin NR 1.20 (0.50 to 2.50)
Samore *? Cephalosporin NR — 1.60 (0.80 to 3.50)
Arason 3¢ B lactam NR —.-> 6.75 (1.78 to 25.51)
Arason?  Co-trimoxazole NR —J 7.22(1.73t030.05)
Arason 3¢ Erythromycin NR —— B 8.56 (1.14 to 64.04)
Pooled odds ratio e 2.37 (1.25 to 4.50)
Test for heterogeneity: 1°=57.3%, P=0.039
0.1 1 10
Antibiotic use Antibiotic use
associated with associated with
susceptibility resistance

*B lactam plus another antiblotic. NR=not reported Céire Costelloe et al. BMJ 2010;340:bmj.c2096



Forest plot showing individual analytic and pooled ORs (log scale) for resistance in
respiratory tract streptococci of healthy volunteers from the Malhotra-Kumar study and
previous antibiotic prescribing.

Time period 0dds ratio (95% CI) Odds ratio (95% CI)
At 1 week post-antibiotic -
Azithromycin ; + 14.67 (6.14 to 35.00)
Clarithromycin H— 10.44 (4.65 to 23.44)
Pooled odds ratio D i 12.22 (6.76 t0 22.10)
At 2 weeks post-antibiotic i
Azithromycin —t 11.59 (5.08 t0 26.47)
Clarithromycin —.— 5.37 (2.58t0 11.17)
Pooled odds ratio ’ 7.70 (3.63 t0 16.34)
At 1 month post-antibiotic ;
Azithromycin — 9.25 (4.21 t0 20.31)
Clarithromycin — 4.13 (2.01 to 8.46)
Pooled odds ratio - 6.08 (2.76 t0 13.39)
At 2 months post-antibiotic '
Azithromycin — — 4.37 (2.13 t0 8.98)
Clarithromycin — 3.00 (1.48 t0 6.08)
Pooled odds ratio il 3.61(2.18t0 5.97)
At 6 months post-antibiotic :
Azithromycin ——.— ; 1.89 (0.88 t0 3.77)
Clarithromycin —— 2.47 (1.20 t0 5.07)
Pooled odds ratio e : 2.16 (1.30 t0 3.61)
0.1 1 10 100
Antibiotic use Antibiotic use
associated with associated with
susceptibility resistance

Céire Costelloe et al. BMJ 2010;340:bmj.c2096






The FilmArray BCID Panel

Simultaneous detection of 27 targets:

WS Gram + Bacteria
< « Staphylococcus
« Staphylococcus aureus
» Streptococcus
» Streptococcus agalactiae

Streptococcus pyogenes
Streptococcus pneumoniae
Enterococcus

Listeria monocytogenes

AT

m Fungi
» Candida albicans
» Candida glabrata

» Candida krusei
» Candida parapsilosis
» Candida tropicalis

Antibiotic Resistance
* mecA .
« vanA/vanB

Insert Pouch into
Loading Station

Inject Hydration
Solution

Add Pou !
FilmArray and Start Run |

Simple: Easy: : Fast:
Only 2 minutes of No precise Run time of
hands-on time pipetting required only 1 hour




GeneOhm 2 hrs Nasal, Groin, Wound
MRSA ACP Assay

GeneOhm 2 hrs Blood*
StaphSR Assay

Xpert 1 hr Blood*, Wound
MRSA/SA BC, MRSA/SA SSTI

Lightcycler MRSA 2 hrs Nasal

Nanosphere Verigene 2.5 hrs Blood*

*Blood Tests Detect: MSSA, MRSA, Coagulase-negative staphylococcus




use’?

Wh

Physicians often prescribe due to this

Fail to think about the consequences
— Individual and public health

How to relieve uncertainty?
What new tools may help?
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Viral Infections
don’t require antibiotics
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Gonzales R, et al.
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Observational studies Intervention studies

Meningitis+
** Bacteremia

. +++
Upper respiratory

*Endocarditis o
ract infection

? f 2
" Pancreatitis , @ Pneumonia™™*

COPD exacerbation***

? Abdominal ) , \
infections ' g \\\ : itis ™"
|l ==L A Acute Bronchitis

** Blood stream infections
Severe Sepsis
2 +ht
SepticShock

*Pyelonephritis
Urinary tract infection

o Yy _ ' ++
*Neutropenia . e 2 ;% Post-operative infections
* Arthritis

. N Ventilator-associated pneumonia*™
* Postoperative fever ‘k\x P

Evidence levels
?Still undefined
+ Moderate

++ Good

+++Strong Schuetz et al. BMC Medicine 2011 9:107
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MNo. of sample visits
Primary care
Emergency department

@ Primary care

& Emergency department

1998-1999

2000-2001

2002-2003 2004-2005 2006-2007 2008-2009 2010-2011

Period of Antibiotic Prescribing, y

32649 36 145 34 065
344 376 208




Antibiotic prescribing per 1000 persons by state (sextiles) in 2011 for all ages (A) and persons
aged <2 (B), 3—64 (C), or 265 (D) years.

A WEST MIDWEST NORTHEAST B WEST MIDWEST NORTHEAST

WEST MIDWEST NORTHEAST WEST MIDWEST NORTHEAST

C1324-589 C=3651-706 E=721-767

3 550-854 878974 =3 979-1010
C—3776-825 0829896 EO11-1215 CJ012-1117 B3 125-1175 B 1219-1463

Lauri A. Hicks et al. Clin Infect Dis. 2015;60:1308-1316
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Dalen 2005 Ottawa 52%
Ghandi 2009 Michigan 33%
Cope 2009 Houston 32%

1/3-50% get antibiotics
despite evidence of no benefit
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Misuse in Skin and Soft Tissue Infections
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Jenkins T. Clin Infect Dis 2010;51:895



Every time antibiotics
are prescribed:

1. Order recommended
cultures before antibiotics
are given and start drugs
promptly.

2. Make sure indication,
dose, and expected
duration are specified

in the patient record.

3. Reassess within 48
hours and adjust Rx if
necessary or stop Rx

Specific recommendations for
common prescribing situations:

Rx for urinary tract infections

0 o Make sure that culture results represent true infection

and not just colonization.

» Assess patient for signs and symptoms of UTI.

» Make sure that urinalysss s obtained with every uine culture.
o Treat for recommended length of time and ensure that

planned post-discharge treatment takes Into account the

antibiotics ghven in the hospital,

Rx for pneumonia

o Make sure that symptoms truly represent pneumonta
and not an alternate, non-infectious diagnosis.

o Treat for the recommended length of time and ensure
that planned post-discharge treatment takes into account
the antibéotics given in the hospital.

Rx for MRSA infections

| o Verify that MRSA is growing in clinically refevant

cultures. Do not use vancomycin to treat infections

[
if indicated. w caused by methicllin-susceptible staph (and not MRSA),

SOURCE: COC Vital Signs, 2014







Management of Carbapenem-resistant
Enterobacteriaceae (CRE)




" CARBAPENEM-RESISTANT

DRUG-RESISTANT O
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CRE GERMS KILL UP TO HALF OF
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INFECTIONS FROM THEM.
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More MDROs

A 32 yo woman hemoptysis
and fever. Sk because it
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Duration of Antibiotics in Surgical
Infections — Peritonitis STOP-IT Trial

No diffe dominal
infection o

Sawyer RG et al N Eng ;372:1966



C. Difficile
Another Outcome of Overuse

 Antibi the
devel n
(CDI)
— U lotic

ex

e 20% I
were r e of
infectio ospital

mortality

pidemiol 2007; 28:926—-931.
2BMC Infect Dis 2007; 7:42
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1. Elixhauser A, et al. ef #50. April 2008. Available at:
50.pdf. Accessed March 10, 2010.
t al. Emerg Infect Dis. 2007;13:1417-1419




Its not just in hospitals - CDI

B Outpatient exposure only

n Inpatient exposure
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MMWR March 6, 2012






Some Final Tips to Optimize
Duration of Antibiotic Therapy

 Avoid generic 10-14-day therapy

Uncomplicated urinary tract infection: 3-5 days?
Community-acquired pneumonia: 3-7 days?
Ventilator-associated pneumonia: 8 days?®

CR-BSI Coagulase-negative staphylococci: 5-7 days*
Acute Hem Osteomyelitis in children-21 days®
Meningococcal meningitis-7 days®

Uncomplicated secondary peritonitis with source control: 4-7
days’

Uncomplicated SSTI® 5 days

Clin Infect Dis 1999; 29:745-758 6. N EnglJMed 1997; 336:708-716
Clin Infect Dis 2007; 44:S27-72 7. Clin Infect Dis 2010: 50:133-164
JAMA 2003; 290:2588-2598 8. Arch Intern Med 2004; 164:1669-1674

Clin Infect Dis 2009; 49:1-45
Pediatr Infect Dis 2010; 29:1123-1128
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