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Learning Objectives

By the end of this 30 minute session, the audience will be able to:
§ List three major benefits of appropriate duration of antimicrobial therapy 

§ List clinical scenarios where a shorter duration of antibiotic therapy 
would be appropriate 

§ Describe the three major trials discussed (including rationale, design, 
patient population, results and generalizability)

§ Apply the results of the trials presented to a patient case



Outline

1. Why duration of therapy is important

2. Duration of therapy for prosthetic joint infections 

3. Duration of therapy for community acquired pneumonia

4. Duration of therapy for urinary tract infections in males 

5. Discussion, comments, questions 



Antimicrobial Resistance 

● Declared as one of the top 10 global public health 
threats facing humanity by the World Health 
Organization

● In Canada, 26% of infections are caused by pathogens 
that are resistant to the drugs generally used to treat 
them

● Each day of antimicrobial therapy is associated with an 
increase in resistance 

JAMA Intern Med. 2016;176:1254-5
World Health Organization. Antibiotic Resistance. 2020 July 31 [cited 2021 Sept 17]. Available from: https://www.who.int/news-room/fact-sheets/detail/antibiotic-resistance
Centers for Disease Control and Prevention. About Antibiotic Resistance. 2020 Mar 13 [cited 2021 Sept 17]. Available from: https://www.cdc.gov/drugresistance/about.html

Government of Canada. About Antibiotic Resistance: Preserving antibiotics now and in the future. 20 Sept 2019 [cited 2021 Sept 17] 
Available from: https://www.canada.ca/en/public-health/corporate/publications/chief-public-health-officer-reports-state-public-health-canada/preserving-antibiotics/about-antibiotic-resistance.html

https://www.who.int/news-room/fact-sheets/detail/antibiotic-resistance
https://www.cdc.gov/drugresistance/about.html


Adverse Effects

● Drug reactions 
○ Each excess day of treatment is associated with a 5% increase in the 

odds of antibiotic-associated adverse events reported by patients
● End-organ injury
● Clostridioides difficile infections 
● Secondary infections with resistant organisms 

J Antimicrob Chemother. 2014;69:234-40
Ann Intern Med. 2019;171:153-163
Ann Intern Med. 2021;174:822–827
JAMA Intern Med. 2016;176:1254-5



Costs Associated with Therapy

● Hospitalization
● Antimicrobial cost
● Additional costs of monitoring 

○ Routine Bloodwork

○ Pharmacokinetic monitoring 

Clin Infec DIs 2019;369(9):1476–1479
Ann Intern Med 2019;171(3):210-211



Advantages of shorter duration of therapy

● Less bacterial resistance to antimicrobials
● Less adverse effects
● Decreased length of hospitalization 
● Decreased costs  
● Equally as effective for many clinical syndromes

○ Hospital Acquired Pneumonia and Ventilator Associated Pneumonia 
○ Intra-abdominal Infections
○ Gram negative bacteremia
○ Simple cystitis in females 
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Patient PJ

76 year old previously healthy female, no known drug allergies (NKDA), with longstanding 
left knee osteoarthritis undergoes scheduled, uncomplicated left total knee replacement 
and is discharged home on POD1. 

2 weeks after OR, she presents to the emergency department with a 1 day history of 
fever (38.1oC), increased swelling, pain, erythema and difficulty mobilizing her left knee. 
An X-ray of her joint confirms no new fractures and her prosthesis is still in place. A joint 
aspirate reveals the presence of Staphylococcus aureus. Based on her presentation, she is 
diagnosed with an acute periprosthetic joint infection of the left total knee replacement 



Prosthetic Joints

● Joint replacement provides symptom relief, restores limb or joint 
function, improves mobility and quality of life 

● Prosthetic Joint Infections (PJI) are the most serious complication 
of joint implants

● Incidence of PJI among total hip arthroplasties (THA) and total 
knee arthroplasty (TKA) is 1-2% over the lifetime of the prosthesis 

Surgery + antibiotics 

Clin Infect Dis 2013;56(1):e1-25



Prosthetic Joint Infections

Clin Infect Dis 2013;56(1):e1-25

● Debridement And Retention of Prosthesis
○ Debridement, antibiotics and implant retention (DAIR)

● Resection and Reimplantation 
○ One-stage (direct exchange) 
○ Two-stage 

● Permanent Resection Arthroplasty 
● Amputation 
● Nonsurgical management



Prosthetic Joint Infections

● Following DAIR
○ Staphylococcal PJI: Two to six weeks of pathogen-specific IV antibiotic therapy                

(+ Rifampin) followed by three (THA) to six months (TKA) of oral antibiotic therapy
○ Other pathogens: four to six weeks of pathogen-specific therapy 

● Following 1-stage exchange
○ Two to six weeks of pathogen-specific IV antibiotic therapy (+ rifampin if 

Staphylococcal) followed by oral antimicrobial therapy for a total of three months 
● Following 2-stage exchange 

○ Four to six weeks of pathogen-specific IV antibiotic therapy 

Clin Infect Dis 2013;56(1):e1-25



Prosthetic Joint Infections 

● In France, PJI are managed by specialized centres
○ Centre de Référence des Infections Ostéo-Articulaires complexes 

(CRIOACs)
● Most common: 1-stage exchange 
● Recommend 15 days of initial intravenous antibiotics

○ Transition to oral antibiotics with good oral bioavailability and good 
bone penetration 

● Total of 6 to 12 weeks of antibiotics, followed by a discussion with 
the patient to continue beyond 12 weeks  

BMC Infectious Dis 2021;21(401):1-8



Bernard L, Arvieux C, Brunschweiler et al. 
Antibiotic Therapy for 6 or 12 Weeks for 
Prosthetic Joint Infection. N Engl J Med. 
2021;384(21):1991-2001

How does 6 weeks of antibiotic 
therapy compare with 12 weeks 
of therapy for the treatment of 

prosthetic joint infections?

DATIPO



Multicenter (28 sites across France from Nov 29, 2011 to January 22, 2015), 
open label, parallel-group, randomized, controlled, non-inferiority trial 

N= 410

> 18 years of age, PJI (hip or knee) managed with one-stage, two-stage implant exchange or DAIR. 
Microbiologically confirmed diagnosis (minimum of two bacterial cultures from two different samples 
during the same OR that yielded the same pathogen – 3 if skin pathogens).  
Exclusion: Received more than 21 days of antibiotic therapy prior to screening, more than one prosthesis strategy for the same 
affected joint, PJI caused by mycobacterium, Actinomyces, fungi or Brucella, life expectancy < 2 years, enrolled in another clinical trial 

6 weeks antibiotic therapy (N = 205) 

12 weeks antibiotic therapy (N = 205) 

1o: persistent infection within 2 years after completion of antibiotic therapy 
2o: new infection, hospital length of stay, functional outcomes, safety outcomes (ADR) 

Design

NEJM 2021;384(21):1991-2001



Bernard et al. 2021 

Randomization was stratified by: 

● Initial surgical procedure 
● Joint replaced (TKA, THA)
● Episode of infection (first versus at least 

second) 

Statistical analysis:

● 410 participants to give the trial 80% power 
(assuming 15% of participants will have 
persistent infection in both groups)

● Noninferiority margin of 10 percentage 
points 

● Modified intention-to-treat and per protocol 
Follow-up 

● Clinical assessments and patient 
reported outcomes at enrollment and  6, 
12, 24, 52 weeks after day 0 and 104 
weeks after planned completion of 
therapy 

NEJM 2021;384(21):1991-2001



Bernard et al. 2021 

NEJM 2021;384(21):1991-2001



Bernard et al. 2021

Median duration of intravenous administration: 9 days (5 to 15) in both groups

Antibiotic 6 week therapy (n=203) 12 week therapy (n=201)

> 1 oral antibiotic agent 191/203 (94.1%) 189/201 (94.0%)

Rifampin 144/191 (75.4%) 123/189 (65.1%)

Fluoroquinolone 137/191 (71.7%) 123/189 (65.1%)

Clindamycin 35/191 (18.3%) 52/189 (27.5%)

Trimethoprim-sulfamethoxazole 22/191 (11.5%) 34/189 (18.0%)

Amoxicillin (with or without 
clavulanic acid) 19/191 (9.9%) 21/189 (11.1)

NEJM 2021;384(21):1991-2001



Bernard et al. 2021 

NEJM 2021;384(21):1991-2001



Bernard et al. 2021 

NEJM 2021;384(21):1991-2001



Strengths

• Important clinical question
• Clinically meaningful outcomes 

were assessed 
• Well balanced groups 
• Long term follow up 

Limitations

• Three different surgical strategies 
combined 

• Antibiotic treatment was not 
standardized 

• Median IV duration only 9 days
• Generalizability 
• Did not achieve target participants 

(underpowered) 
• Did not address culture negative PJI

Bernard et al. 2021

NEJM 2021;384(21):1991-2001



Bottom Line: 
In patients with confirmed prosthetic joint infections of the hip or knee 
that were managed with surgery, 6 weeks of antibiotic therapy was 
not non-inferior to 12 weeks of antibiotic therapy. 

Multiple surgical interventions combined, so difficult to draw any 
patient specific conclusions. 

Reinforces current practice of prolonged antibiotics. 



Patient PJ

Patient undergoes urgent OR for debridement and implant retention (DAIR) of her 
prosthesis. There is purulent fluid identified in OR and intraoperative cultures also grow 
Staphylococcus aureus – methicillin sensitive, in 3 out of 3 OR samples. What would you 
suggest for treatment of her prosthetic joint infection? 

a) Cefazolin + rifampin for 6 weeks 

b) Cefazolin + rifampin for 6 weeks followed by SMX/TMP+ rifampin x 12 weeks 

c) Cefazolin + rifampin for 12 weeks 

d) Cefazolin for 2 weeks followed by cephalexin for 6 months 
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Patient Case 

64 year old male (NKDA) admitted to the medicine unit with a 3 day history of a productive 
cough, subjective fever, shortness of breath. Chest X-Ray: left lower lobe consolidation. 

Past Medical History: dyslipidemia, hypertension and seasonal allergies 
Vital signs: BP 135/85 mmHg, HR 78 bpm, RR 20 bpm, SpO2 95% on 2L via NP, tmax 38.2oC
Sputum culture: > 25 epithelial cells, normal respiratory flora. Blood cultures: no growth 

Started on ceftriaxone 1g IV q24h



Community Acquired Pneumonia (CAP) 

● American Thoracic Society (ATS) and Infectious Diseases Society 
of America (IDSA)

○ antibiotic therapy should be continued until the patient achieves 
stability and for no less than a total of 5 days 

● British Thoracic Society (BTS) 
○ 7 days of appropriate antibiotics

● NICE Guideline
○ 5 days of single antibiotic therapy for low severity CAP and 7 to 10 

days for moderate to high severity CAP

Am J Respir Crit Care Med 2019; 200: e45-e67
Thorax 2015;70:698–700



Community Acquired Pneumonia 

● Despite these recommendations, a US study of > 150,000 patients 
with uncomplicated or mild CAP found the median duration of 
antibiotic therapy was just under 10 days

● More than 70% of patients exceeded 7 days of therapy 
○ 375,289 unnecessary days of antibiotics in older cohort 

Clin Infect Dis 2018;66(9):1333-1341



Dinh A, Ropers J, Duran C et al. Discontinuing β-lactam 
treatment after 3 days for patients with community acquired 
pneumonia in non-critical care wards (PTC): a double-blind, 
randomized, placebo-controlled, non-inferiority trial. Lancet. 
2021;397:1195-1203

In patients who were hospitalized 
for community-acquired pneumonia 

(CAP) and clinically stable after 3 
days of β-lactam therapy, is stopping 
therapy noninferior to an additional 

5-day course of β-lactam?

PTC



Multicenter (16 sites across France from Dec 2013 to Feb 2018), 
double-blind, randomized, placebo-controlled, non-inferiority trial 

N= 310

> 18 years of age, admitted to hospital with CAP (non-ICU) treated with 3 days of IV or oral β-lactam 
(amox/clav or 3rd generation cephalosporin) treatment that met ALL clinical stability criteria at 72h 
(afebrile, HR <100 bpm, RR <24 bpm, SpO2 > 90% on RA, SBP > 90mmHg, normal mental status) 
Exclusion: admitted to ICU, complicated CAP (abscess, massive pleural effusion, serious chronic respiratory infection), 
immunosuppressed, HAP, other concomitant infection requiring antibiotic therapy, suspected or confirmed legionellosis, infection due to 
intracellular organisms, advanced CKD 

3 days of β-lactam treatment (followed by 5 days of placebo therapy)

3 days of β-lactam treatment + 5 additional days of amoxicillin 1g + clavulanate 125 mg po TID

1o: clinical cure 15 days after starting antibiotics (afebrile, resolution or improvement of symptoms, no additional 
antibiotic therapy) 
2o: cure at day 30; all cause mortality on day 30; frequency and severity of ADR during follow-up; pneumonia symptoms and 
quality of life (assessed using the community-acquired pneumonia score at day 0,3,8,15 and 30); length of hospitalization 

Design

Lancet 2021;397:1195-1203



Dinh et al. 2021 

Randomization: 

● After 72 hours, patients who met eligibility 
criteria were randomly assigned (1:1) 

● Stratified by Pneumonia Severity Index 
(PSI) score (< 70 or > 70) and 
randomization site. 

Statistical analysis:

● 310 participants to give the trial 80% power 
(assuming 90% cure rate by day 15)

● Noninferiority margin of 10 percent
● Both intention-to-treat and per protocol 

analysis Follow-up: 

● Phone call at day 8 to ensure adherence 
to protocol. In person follow up on day 
15 and day 30 after start of therapy. 

● Chest X-ray on day 30 

Lancet 2021;397:1195-1203



Dinh et al. 2021

Lancet 2021;397:1195-1203



Dinh et al. 2021

Lancet 2021;397:1195-1203

Primary Outcome: Clinical Cure at Day 15



Dinh et al. 2021

Lancet 2021;397:1195-1203

Primary Outcome: Clinical Cure at Day 15 post-hoc subgroup analysis 



Dinh et al. 2021

Lancet 2021;397:1195-1203

Secondary Outcomes: 



Strengths

• Good trial design (MC, DB, RCT) 
• Patient oriented, clinically 

meaningful outcomes 
• Addresses an important topic 
• Well balanced groups 
• Performed both ITT and per-

protocol analysis 

Limitations

• Small trial (n=310)
• Geographic differences in microbial 

resistance patterns 
• Mostly amoxicillin/clavulanate up 

front
• No comment on medication 

adherence after discharge 
• Pathogens not specified
• Did not achieve 90% cure rate

Dinh et al. 2021

Lancet 2021;397:1195-1203



Bottom Line: 
In clinically stable* patients hospitalized with community acquired 
pneumonia, discontinuation of antibiotics after 3 days of β-lactam 
therapy was non-inferior to 8 days of antibiotic therapy 

*Clinically stable: afebrile, HR <100 bpm, RR <24 bpm, SpO2 > 90% on RA, SBP > 90mmHg, normal mental status



Patient CP 

On day 3, the ceftriaxone has reached an automatic stop date on the computer system. 
Patient is mobilizing around the unit, states he feels almost back to baseline and is eager 
to go home to his dog. 

Vital signs: BP 143/89 mmHg, HR 81 bpm, RR 18 bpm, SpO2 98% RA, tmax 37.3oC
What do you suggest?

a) Reorder ceftriaxone for 2 more days to complete 5 days of antibiotics
b) Change antibiotics to oral cefuroxime for an additional 2 days
c) Change to oral cefuroxime for an additional 4 days 
d) Do not reorder antibiotics 
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Patient UT 

56 year old male complains of burning upon urination and increased urinary frequency. 
UA: positive leukocytes and nitrates, no blood, no casts 
UCx: E.coli (pan-susceptible) 

Vitals: BP 123/78 mmHg, HR 67 bpm, RR 15 bpm, afebrile
Past Medical History: appendectomy 10 days ago 

Started on sulfamethoxazole-trimethoprim 800/160mg po BID 



Urinary Tract Infection

● Urinary Tract Infection (UTI) are a leading indication for antibiotic prescribing 

● Simple cystitis in males is uncommon

● Data for treatment of UTI in males is limited and recommendations are derived 
from indirect evidence from treatment in women 

● Historically all UTI in males considered complicated and treated for 10 to 14 
days. 

Clin Infect Dis 2011;52(5):103-120
Scand J Infect Dis 2003;35(1): 34-39
Arch Intern Med 2012;173(1):62-28



Drekonja DM, Trautner B, Amundson C et al. Effect of 7 vs 14 
Days of Antibiotic Therapy on Resolution of Symptoms 
Among Afebrile Men with Urinary Tract Infection: A 
Randomized Clinical Trial. JAMA. 2021;326(4):324-331

Among men with symptoms of urinary 
tract infection (UTI) who are afebrile, is 

treatment with ciprofloxacin or 
trimethoprim/sulfamethoxazole for 7 

days noninferior to 14 days of 
treatment with regard to resolution of 

UTI symptoms?



Multicenter (2 US VA medical centers, from April 2014 to January 2020), 
double-blind, randomized, controlled, non-inferiority trial 

N= 272

> 18 years of age, male, afebrile, treated in an outpatient setting with 7 to 14 days of ciprofloxacin or 
sulfamethoxazole/trimethoprim. New onset of > 1 of the following: dysuria, increased frequency or 
urgency of urination, hematuria, CVA tenderness; or perineal, flank or suprapubic pain. 
Exclusion: UTI within 14 days prior to presentation, fever (> 38oC), symptoms that were attributed to a non UTI cause, growth of an 
organism that was not susceptible to ciprofloxacin or sulfamethoxazole/trimethoprim. 

7 days of antibiotic therapy + 7 days of placebo (n=136) 

14 days of antibiotic therapy (n=136)

1o: resolution of initial UTI symptoms by day 14 after completion of active antibiotics 
2o: symptoms of recurrence of UTI symptoms and adverse events through 28 of stopping therapy 

Design

JAMA 2021;326(4):324-331



Drekonja et al. 2021

Randomization: 

● Occurred after 7 days of treatment 
● Stratified by presence of a urinary 

catheter, study drug and study site 
● 1:1 blocks of 4

Statistical analysis:

● 290 participants to give the trial 85% power 
assuming 90% success rate

● Noninferiority margin of 10 percentage 
points 

● Per-protocol and Intention-to-treat analysisFollow-up: 

● Scheduled telephone visit on day 14 
(day study medication was stopped) and 
on days 7, 14 and 28 after stopping 
treatment to assess symptoms and 
adverse effects

JAMA 2021;326(4):324-331



Drekonja et al. 2021

JAMA 2021;326(4):324-331



Drekonja et al. 2021

JAMA 2021;326(4):324-331

Primary Outcome: Resolution of UTI symptoms 14 days after stopping active antimicrobials 
Secondary Outcome: Recurrence of UTI symptoms within 28 days of stopping study medication 



Strengths
• Good trial design (DB, RCT) 
• Patient oriented, clinically 

meaningful outcomes 
• Addresses an important topic 
• Reflective of typical male patients 

that seek treatment for UTI 
• Performed both ITT and per-

protocol analysis 

Limitations
• 12.1% of participants did not have a 

urine culture
• 20% had a negative urine culture 
• Only assessed two antibiotics
• VA system (generalizability?)
• Underpowered (enrollment was 

short of planned 290 participants) 

Drekonja et al. 2021

JAMA 2021;326(4):324-331



Bottom Line: 
Among afebrile men, treatment with ciprofloxacin or 
sulfamethoxazole/trimethoprim for 7 days was noninferior to 14 days 
of treatment with regard to resolution of UTI symptoms by 14 days 
after antibiotic therapy. 



Patient UT 

56 year old male complains of burning upon urination and increased urinary 
frequency. 

Started on sulfamethoxazole-trimethoprim 800/160mg po BID. How long 
would you suggest treating for? 

a) 5 days 
b) 7 days
c) 10 days
d) 14 days



6 weeks of antibiotic therapy was not non-inferior to 12 
weeks of antibiotic therapy for preventing persistence or 

recurrence of bacterial PJI. Longer is still preferred.

3 days of treatment with a β-lactam is non-inferior to 8 
days of treatment for CAP in select patients who have 

defervesced quickly

7 days of antibiotic therapy (ciprofloxacin, SMX/TMP) in 
uncomplicated male cystitis is non-inferior to 14 days of 
antibiotic therapy with regard to resolution of symptoms 

NEJM 2021;384(21):1991-2001
Lancet 2021;397:1195-1203
JAMA 2021;326(4):324-331
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