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Objectives

• Discuss new recommendations in surgical prophylaxis
• Discuss the impact of antibiotics on the human microbiome
• Discuss the safety of cephalosporins in patients with penicillin 

allergy
• Discuss new guidelines for Clostridium difficile infection
• Discuss optimal duration of antibiotic therapy for surgical 

patients





Interior Health  Surgical Prophylaxis Guidelines

Inside Net: Clinical Resources/Pharmacy/Antimicrobial Stewardship



Major changes to IH Surgical Prophylaxis Guidelines

• addition of procedures
• oral decontamination for bowel surgery
• antibiotic prophylaxis for caesarean section
• augmented therapy for prostate surgery/biopsy
• changes for revision arthroplasty
• prophylaxis for MRSA
• diminishing role for post-operative prophylactic antibiotics



Addition of New Procedures

• Breast surgery - high risk
• Gastroesophageal endoscopy - high risk
• Hepatobiliary surgery – high risk
• Urogenital surgery
• Cystoscopy - high risk
• Shock wave lithotripsy - high risk
• Revision arthroplasty



Bowel Surgery 

Mechanical bowel preparation /oral decontamination :
reduces surgical wound infections /not anastomotic leak: 

• Bellows et al. 2011- MA 16 RCTs
• Roos et al. 2013- MA 8 RCTs
• Nelson et al. 2014- MA 14 RCTs 
• Koullouros et al. 2017 - MA 12 RCTs
• Hata et al. 2016 - RCT 579 patients

Add:
mechanical bowel prep and neomycin + metronidazole  to 
current pre-op IV cefazolin + metronidazole 



Obstetrics and Gynecology - Caesarean Section 

• Tita et al (2016) RCT  (n >2000) - azithromycin plus cefazolin :
• 50% reduction of endometritis / wound infection.

Generalizability limited by: 
• location: South US -climate markedly different.
• high obesity (25% BMI ≥35)
• ethnicity:  65% non-Caucasian /antenatal care
• baseline post C/S infection of 12%  (IH SSI rarely over 2%)
• neonatal risk:

• resistance /microbiome 
• Boggess K et al. (2017)- highest infection risk:  

• black ethnicity,
• non-transverse uterine incision 
• membrane rupture > 6 hours 
• surgery > 49 minutes



Urology- Prostatic Biopsy/ Surgery
Augmented therapy
Moderate risk: add ceftriaxone / gentamicin to ciprofloxacin or TMP-SMX
• antibiotics in the last 6 months
• chronic indwelling  urinary catheterization
• previous endocarditis
• previous sepsis following prostate biopsy
• previous urine culture with ciprofloxacin resistant organism
• recent international travel (other than South Asia)
• prostate volume ≥ 75 mL/severe voiding disturbances
• diabetes /chronic steroid use /immunodeficiency

High risk: add meropenem to ciprofloxacin or TMP-SMX regimen
• previous urine/blood culture positive for ESBL and /or AmpC

recent travel ( 6 months) to South Asia

Yang et al. (2016)
Yamamoto et al. (2016) 



MRSA colonization/past infection

For surgeries involving medical devices:

add vancomycin to cefazolin

vancomycin less effective than cefazolin for preventing SSIs due 
to methicillin susceptible S. aureus (MSSA)



Orthopaedic Surgery

Levy PY et al. (2013) - Systemic Review / Meta-analysis
confirmed nasal carriage of S. aureus major risk factor for SSI 

Schweizer ML et al. (2015) 
nasal screening and decolonization for S. aureus carrier as part 
of a bundled intervention (included chlorhexidine – gluconate baths)



Orthopedic Surgery - Revision Arthroplasty

Withholding prophylactic antibiotics for revision arthroplasty prior to obtaining 
intraoperative cultures no longer widely recommended. 

• Wouthuyzen-Bakker M. et al. (2017)- systemic review -7 studies:
risk of infection from withholding prophylaxis posed a greater 
risk, especially if low risk for infection or cultures positive for an 
organism

• Wouthuyzen-Bakker M. et al. (2017)- retrospective analysis: 
pre-op antibiotics do not reduce culture yield for knee arthroplasty but 
showed trend toward higher PJI rate in post- op period

• Anagnostopoulos A et al. (2018)- cohort study (n=110) 
showed peri-operative prophylaxis did not negatively influence the 
microbiological yield in C. acnes (previously P. acnes)



Post–operative Prophylactic Antibiotics



Orthopedic Surgery - Post-op antibiotics

Support post-operative prophylaxis:

• American College of Surgeons and Surgical Society Guidelines (2016)  
antibiotics discontinued at the time of incision closure for all 
procedures (except joint arthroplasty)

• South Australian Surgical Antimicrobial Prophylaxis Clinical Guideline 
(2017) recommends post-operative antibiotic prophylaxis with 
cefazolin 2 g IV Q8H x 2 doses for
• primary arthroplasty / revision arthroplasty / reoperation
• internal fixation of large bones 
• lower limb amputation (addition of metronidazole to cefazolin) 



Orthopedic Surgery - Post-op antibiotics

Do not support post-operative prophylaxis:
• Thornley P et al. (2015) SR/MA of 4 RCTs > 4000 total hip/knee 

arthroplasties: Postoperative antibiotics did not reduce the rate of 
overall surgical site infections compared to placebo

• WHO – Surgical Site Infections Recommendations (2016) 
recommends against prolongation of surgical antibiotic prophylaxis 
administration after completion of the operation for the purpose of 
preventing SSIs

• CDC  Guideline (2018) recommends for not to administer additional 
prophylactic antimicrobial agent doses after the surgical incision is 
closed in the operating room, even in the presence of a drain



2017 Foundation for Arthroplasty Research and Education

Duke University

Perioperative Antibiotic Prophylaxis in Patients Undergoing Elective 
Total Knee arthroplasty

Aim- to provide level 1 evidence for or against single versus 24 hour 
antibiotic prophylaxis for knee arthroplasty



Human Microbiome

Collection of microorganisms in body that exist in mutualistic 
relationship with the host

Perform essential functions:
• nutrient absorption
• regulate immune system
• protect against pathogens

Disruption- dysbiosis
• nutrient absorption → ? obesity
• inflammation→ ? autoimmune diseases
• damage to cells→   ? cancers





UK/Sweden - RCT/placebo controlled study
• single dose clindamycin, ciprofloxacin, amoxicillin or minocycline
• saliva and feces collected at exposure,1, 2, 4, 12 months

Results:
• Salivary microbiome – robust /recovers quickly
• Fecal microbiome - significantly affected microbial community

• predominantly butyrate producing species 
• inhibit inflammation, carcinogenesis, oxidative stress

• clindamycin and ciprofloxacin:
• most impact on butyrate producing microbial community of gut 

• amoxicillin:
• least effect on microbiome composition
• highest number of resistance genes



Macrolide treatment:
• reduced bacterial diversity
• 4 years post therapy:

• disturbed microbiota
• high levels of macrolide resistance detected



Penicillin Allergy





Penicillin Allergy?

Prevalence of IgE-mediated reaction:
• 0.01-0.05% for penicillin
• 0.0001-0.1% for cephalosporins

https://www.cdc.gov/getsmart/week/downloads/getsmart-penicillin-factsheet.pdf
Drug allergy: an updated practice parameter. Ann Allergy Asthma Immunol 2010;105:259-73. 

https://www.cdc.gov/getsmart/week/downloads/getsmart-penicillin-factsheet.pdf


β-lactams

• commonly prescribed

• safe 

• risk of adverse effects (AE)
o 21% - β-lactams
o 66.8% - alternative antibiotics

Blumenthal KG, et al.  J Allergy Clin Immunol Pract 2017;5:616-25



Assessment of β-lactam allergy

• rash due to viral infections common  in pediatric patients

• ~ 50% of patients with IgE-mediated penicillin allergy lose their 
sensitivity after 5 years 

• 80% after 10 years

Drug allergy: an updated practice parameter. Ann Allergy Asthma Immunol 2010;105:259-73. 



Cross-reactivity

Cross reactivity between penicillins and cephalosporins :

• related to similarity in side-chain structures rather than β-lactam ring



Cross-reactivity

Between penicillins and cephalosporins:
• ~ 1% when penicillin allergy is reported 

• 0.00002% anaphylaxis to cephalosporin 
• similar if no reported penicillin allergy

• 2.55% when penicillin allergy is confirmed

Between penicillins and carbapenems:
• 4.3% for any type of hypersensitivity reaction 
• 2.4% for IgE-mediated reactions 

Between cephalosporins or cephalosporins and carbapenems: 
• very low
• similar to background allergy rates

Kula B et al Clin Infect Dis 2014;59:1113-22



Cefazolin

Cefazolin does not share a side chain with any other β-lactam 
and is not expected to cross-react with any other β-lactam

http://www.antimicrobialstewardship.com/sites/default/files/asp_simple_messaging_-_beta-lactam_allergy.pdf

http://www.antimicrobialstewardship.com/sites/default/files/asp_simple_messaging_-_beta-lactam_allergy.pdf


Evidence for lack of cross-reactivity with cefazolin

Large retrospective study – evaluation of cephalosporin allergy flag in their 
chart:

• 622,456 pts exposed to 901,908 courses of PO cephalosporins
• 326,867 pts exposed to 487,630 courses of IV cephalosporins
• 65,915 pts with history of penicillin “allergy” received 127,125 courses 

of cephalosporins

Results:
Anaphylaxis occurred in:
• 5/901,908 oral courses and 8/487,630 IV courses (0.00055% - 0.0016%)
• no significant difference in anaphylaxis between those with / without 

listed penicillin or cephalosporin “allergy”

Macy et al. Adverse reactions associated with oral and parenteral use of cephalosporins: a retrospective 
population-based analysis. J Allergy Clin Immunol 2015;135: 745-52



Evidence for lack of cross-reactivity with cefazolin

Prospective study of 41 patients with confirmed penicillin allergy

• skin tested 

• given progressive test doses of 3 cephalosporins with side chains dissimilar to 
penicillin (cefazolin, cefuroxime, ceftriaxone)

• all patients tolerated skin testing and all test doses

Novalbos et al.Clin Exp Allergy 2001;31:438-43







Harm of a Penicillin Allergy Label?

Macy E, Contreras R.  J Allergy Clin Immunol 2014;133:790-6. 
MacFadden DR, et al. Ann Allergy Asthma Immunol 2010;105:259-73. 

Alternatives to β-lactams:
• more broad spectrum
• more adverse effects
• less effective 
• more likely to lead to colonization or infection with multidrug-resistant 

organisms (VRE, MRSA, MDRGN)
Potential for:

• increased hospital length of stay
• increased re-admission
• increased C. difficile infection rates



Clostridium difficile



CDI in Interior Health



BC

IH

CDI rate – BC and IH 

KGH, PRH, RIH, EKH - more CDI cases



Antibiotics at Highest Risk to Cause CDI

• clindamycin
• fluoroquinolones
• broad-spectrum cephalosporins
• broad-spectrum penicillins:

• amoxicillin-clavulanate
• piperacillin-tazobactam

• carbapenems

Duration/repeat courses



Ciprofloxacin  Consumption  ( 2017-2018 )

0

Ciprofloxacin
Oral 

DDD/1000 patients
IV 

DDD/1000 patients

KGH 22.2 9.0

RIH 26.2 7.9

EKH 19.1 18.1

KBH 19.7 14.1

PRH 32.4 11.1

VJH 19.5 10.6



Moxifloxacin  Consumption  ( 2017-2018 )

Moxifloxacin
Oral 

DDD/1000 patients
IV 

DDD/1000 patients

KGH 2.9 1.4

RIH 10.3 4.8

EKH 6.1 1.4

KBH 4.3 1.2

PRH 20.1 4.3

VJH 3.3 2.9



E.coli isolates non-susceptible to ciprofloxacin by age group (2007-2015)

Source: LifeLabs Medical Laboratory Services (BC Biomedical Laboratories data)



Health Canada January 2017
serious disabling/ potentially permanent side effects outweigh benefit 
• tendons, muscles, joints
• peripheral and central nervous system and neuropsychiatric
• cardiovascular, serious arrhythmias, QT interval prolongation
• acute liver injury
• retinal detachment ?
• aortic aneurysm and dissection

FQ restriction- NOT recommended 1st line for:
• acute sinusitis
• acute exacerbation on chronic bronchitis
• uncomplicated urinary tract infection



Probiotics



IH Formulary Probiotic Products*
Probiotic Product Probiotic organisms/capsule Suggested 

dose
Indication(s)

Flora Baby® Probiotic 
Powder

2 billion CFU/500 mg: 
Bifidobacterium bifidum
Bifidobacterium breve

Bifidobacterium infantis
Bifidobacterium longum
Lactobacillus rhamnosus

500 mg 
mixed with 
fluid up to 

TID

Restricted to pediatrics 
(neonates) for the 
prevention of 
necrotizing enterocolitis

Bacid® capsules
1 billion CFU/capsule: 

Lactobacillus rhamnosus 0.3 billion 
Lactobacillus acidophilus  0.7 billion

2 caplets 
QID (8 
billion 

CFU/day)

Modification of gut 
flora

Culturelle® capsules Lactobacillus rhamnosus
10 billion/capsule

1 capsule 
daily

Restricted to treatment 
prevention of 
antibiotic-associated 
diarrhea
(not C. difficile)

*http://isappscience.org/wp-content/uploads/2016/01/clincial-guide-canada.pdf



Non-Formulary Probiotics
Probiotic Product Probiotic organisms/capsule Suggested 

Dose 
Indication(s) 

(AAD, CDI or NEC)
BioGala® Drops L. reuteri protectis

100 million/5 drops
5 drops 

daily
NEC

AAD prevention
BioGala® Chew 

tablets
L. reuteri protectis

100 million/tab
1 tablet 

daily AAD prevention
Bio K+® CL capsules L. acidophilus

L. casei. 
L. rhamnosus

12.5, 25, 30, 50 billion 
CFU/capsule

1-2 
capsules 

daily

AAD

CDI prevention

Florastor® capsules S. boulardii
5 billion CFU/capsule

1-2 
capsules 

daily

AAD
CDI prevention

TuZen® capsules L. Plantarum
10 billion CFU/capsule

1-2 
capsules 

daily

AAD prevention

http://isappscience.org/wp-content/uploads/2016/01/clincial-guide-canada.pdf



Probiotics for Prevention of CDI

• 6 meta-analyses of RCTs
• 2 RCTs
• 1 health technology review of meta-analyses

Summary:

• probiotics inconsistently protect from developing CDI in patients 
taking antibiotics

• CDI mortality/ length of stay - same as placebo/no treatment



Probiotics to Treat CDI

2010 Cochrane review

probiotics vs. placebo in combination with
metronidazole or vancomycin to treatment CDI:

• insufficient data to recommend probiotics to treat CDI



Proton Pump Inhibitors

Multiple studies  (USA, Australia, UK):
• 40-65% hospitalized patients taking long term PPIs
• 40-55% primary care outpatients - no documented reason for PPI

BC
• 34% residential care patients – no documented indication for PPI

Evidence from RCTs:
• 8-12 weeks therapy effective for GERD and PUD

• patients treated effectively do not require chronic acid suppression
• long term PPI appropriate for severe relapsing erosive esophagitis
• NO PPI superior for GERD or PUD symptoms



Proton Pump Inhibitors



Proton Pump Inhibitors

Observational studies on adverse events of PPIs

• C. difficile infection/other enteric infections
• spontaneous bacterial peritonitis
• fractures
• hypomagnesemia
• acute interstitial nephritis
• iron deficiency
• B12 deficiency
• gastric polyps/gastric cancer 
• ? increased incidence of pneumonia



Proton Pump Inhibitors and C difficile Infection

Meta-analyses:
• PPIs - 1.5-2 X risk of developing CDI
One meta-analysis:

• PPIs - increase odds of recurrence 2.5 fold
• not confirmed in subsequent studies

• PPIs  augment antibiotic exposure CDI risk by 19%
• high study heterogeneity, unspecified confounders, and other 

methodological flaws associated with observation data, limit the 
applicability of the results

IDSA  2017 CDI Guidelines: 
• unnecessary PPIs should be discontinued
• insufficient data to recommend discontinuation of PPIs as a measure 

for prevention CDI
• lack of evidence that PPI increases likelihood refractory/relapsing CDI



PPIs and CDI

Choosing Wisely Canada 
PPI De-prescribing Toolkit

“Don’t maintain long-term PPI therapy for GI symptoms without an 
attempt to stop / reduce PPI at least once a year in most patients.” 
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