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This article considers recent developments in antibiotic therapy and how simple
changes to a course of antibiotics given in specific environments can reduce
antimicrobial resistance. Short courses of antibiotics can be effective, but need close
and careful monitoring, which in the past has proved difficult outside the hospital
environment. New telemonitoring technology can help remotely observe the condition
of the patient taking the short course and report any abnormalities back to medical
professionals.

A

rapid

emergence

of

multidrug-resistant

(MDR) antibiotic resistance crisis was becoming highly dangerous

bacteria strains is occurring worldwide, compromising (5). MDR bacteria have been declared an important threat to
the efficacy of antibiotics, which have been saving United States public health and national security by its medical

millions of lives (1). Indeed, decades after the first use of institutions (3).
antibiotic treatments on patients, bacterial infections have

The CDC has classified a number of bacteria depending on

again become a threat (2), due to antimicrobial overuse and their threat levels (urgent, serious, or concerning), most of
misuse, as well as a stalling in new drug development in the them being already responsible for considerable clinical and
pharmaceutical industry.

financial burdens on the healthcare system, patients, and their

Antibiotic-resistant infections are already widespread families (3, 6–8).
across the globe (3). In 2011, the IDSA (Infectious Disease

Among those pathogens, resistant Staphylococcus aureus

Society of America) Emerging Infections Network found in a and Enterococcus species are currently involved in a global
national survey that more than 60% of participants had seen a pandemic and are posing the biggest threat. Vancomycindrug-resistant untreatable bacterial infection within the prior resistant enterococci (VRE) and a growing number of other
year (2). Most public health organizations have been warning pathogens are also developing resistance to many common
the medical community about the rapid emergence of resistant antibiotics. The spread of drug resistance among common
bacteria, which was described as a “crisis” or “nightmare respiratory pathogens, such as Streptococcus pneumoniae and
scenario” that could have “catastrophic consequences” (4). In Mycobacterium tuberculosis, is similarly epidemic.
2013, the CDC (Center for Diseases Control and Prevention)

Furthermore, Gram-negative pathogens are particularly

declared the world to be in a “post-antibiotic era,” and in worrisome. They seem to become resistant to nearly all
2014, the World Health Organization (WHO) stated that the the antibiotic drug options presently available, creating
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situations similar to the pre-antibiotic era. The emergence events caused by antibiotic treatments, especially diarrhoea or
of MDR Gram-negative bacilli is affecting every field of Clostridium difficile infections (19).
medicine. The most severe Gram-negative infections are

Finally, it would reduce hospital costs, primarily those

usually caused by Enterobacteriaceae (commonly Klebsiella arising from the length of stay (24, 25), and overall antibiotic
pneumoniae), Pseudomonas aeruginosa, and Acinetobacter spp. consumption (11).
Those pathogens are also increasingly found in the community,
for instance, extended-spectrum beta-lactamase (ESBL)- Shortening the duration of antibiotic treatments is
producing Escherichia coli and Neisseria gonorrhoeae.

one key measure of national plans (11)

The rise of antimicrobial resistance (AMR) has a negative Antibiotics are mostly prescribed in outpatient medicine (90%
impact on the control of bacterial infections in terms of of overall consumption, being 125 million units a year) (26). In
treatment strategy and length of hospitalization. In Europe, the community setting, mean antibiotic treatment duration is
the burden of AMR has been estimated at 25,000 deaths, a 9.2 days, and the median is 6 days (26, 27).
mean difference of 2.5 extra days of hospital stay for patients,

In France, in the community setting, RTI are responsible for

and an overall cost of approximately 1.5 billion euros per seven prescriptions out of 10 (26). In the United States, these
year (9). In France, it has resulted in an estimated number of infections also represent the main cause for adult antibiotic
158,000 infections (127,000 to 245,000), including almost prescription in the community (28). Therefore, reducing the
16,000 invasive infections (bacteremia, meningitis), and duration of antibiotic prescriptions in these cases is a priority
12,500 deaths per year (10). Also, compared to other European and would have a large impact.
countries, France bears an additional antibiotic cost burden of
441 million euros (11).
Hence, coordinated efforts to implement new policies,

To this day, optimal treatment duration for communityacquired pneumonia (CAP) is not well documented.
Recent studies have suggested that CAP can be successfully

renew research efforts, and pursue steps to manage the crisis treated by a short course antibiotic regimen if a clinical
are needed (2, 12).

response is rapidly obtained (Table 1). Even though this

Reducing the unnecessary use of antibiotics is one of the strategy was widely implemented in the early days of penicillin,
key measures to slow the progression of AMR and make our with 24 hours of treatment (29), El Moussaoui et al. were the
current available drugs last longer.

first to demonstrate by a comparative randomized study that

A number of initiatives have shown that reducing the treatment by amoxicillin (1.5g/day) can be safely stopped
resistance is within reach of health policies.

in hospitalized patients with mild to moderate-severe CAP

In Finland, their national policy of reduction of macrolides responding to treatment, after only three days of therapy
prescriptions lowered the incidence rate of erythromycin- (30). A recent trial by Uranga et al. showed that antibiotic
resistant Streptococcus pyogenes from 16.5% in 1992 to 8.6 % treatment empirically chosen by physicians in four teaching
in 1996 (13). In Iceland, a nationwide plan for antimicrobial hospitals in Spain could be safely stopped after five days in
prescriptions led to a reduction in incidence of Streptococcus hospitalized patients presenting stability criteria for 48 hours
pneumoniae with lower susceptibility to penicillin from 19% (31). Of note, in this study, most patients were afebrile at
in 1993 to 14 % in 1998 (14). In France, a 26.5% decrease of diagnosis, which probably reflects a large proportion of viral
antibiotic prescriptions between 2002 and 2007 (15) coincided infections or bronchitis. Moreover, the preferred treatment
with a 50% decrease in the incidence rate of S. pneumoniae, was fluoroquinolone, which is not in accordance with French
with lower susceptibility to penicillin (16).
In this context, decreasing exposure to antibiotic treatment

and United States guidelines.
Clinical response can be defined as reaching IDSA stability

with shortened treatment durations would hugely help fighting criteria that are easy to collect in clinical practice, and are
AMR by lowering antibiotic selective pressure on the patients’ associated with excellent prognosis (32).
endogenous flora, thereby preventing the selection of resistant

These criteria are obtained in three to four days in half of the

strains and acquisition of new resistance mechanisms (17–19). cases (33, 34). But, it is variable among hospitalized patients
Moreover, shorter treatment durations would have other with CAP, as it requires more than seven days in 8% of the
benefits (20). First, it allows a better compliance from patients cases (34–38). This suggests that “one duration does not fit all”.
(adults or children) (21, 22). It has been shown that, in the Therefore, it is tempting to evaluate an individualized duration
case of respiratory tract infections (RTI), a bad compliance of therapy adapted on the patient’s clinical response. Such a
could be associated with therapeutic failures and an increased treatment approach would help to ensure bacterial eradication
morbidity (23). Furthermore, prolonged treatment duration while avoiding unnecessary antibiotic exposure and reducing
tends to increase the incidence, duration and gravity of adverse antibiotic resistance. A demonstration of this approach in
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Table 1: Literature review

References

Pathology

Duration of Antibiotic Treatment in
Community-Acquired Pneumonia: A
Multicenter Randomized Clinical Trial.
Uranga A et al.
JAMA Intern Med 2016

J Hospitalized community- Randomized open blind non-inferiority J 5 Days mean treatment

Can we treat community-acquired pneumonia
among hospitalized patients with comorbidities
with only 3 days of beta lactam?
Dinh A et al.
26th ECCMID 2016 (40)

J Hospitalized community- Randomized double blind non-

Efficacy of short-course antibiotic regimens
for community-acquired pneumonia: a
meta-analysis.
Li JZ et al.
Am J Med 2007 (43)

J Hospitalized community- Meta-analysis (15 studies)

Effectiveness of discontinuing antibiotic
treatment after three days versus eight days in
mild to moderate-severe community-acquired
pneumonia: randomised, double blind study.
el Moussaoui R et al.
BMJ 2006 (30)

J Hospitalized community- Randomized double blind non-

acquired pneumonia
J Adults
J 121 patients

inferiority study:
3 days vs 8 days of Amoxicillin for
patients with clinical response at day 3

Comparison of 8 vs 15 Days of Antibiotic
Therapy for Ventilator-Associated Pneumonia
in Adults. Chastre J et al.
JAMA 2003 (44)

J Ventilator-associated

Randomized double blind noninferiority study:
8 days vs 15 days of effective
antimicrobial treatment

Three day versus five day treatment with
amoxicillin for non-severe pneumonia in young
children: a multicentre randomised controlled
trial. Agarwal G et al.
BMJ 2004 (45)

J Hospitalized community- Randomized double blind non-

Clinical efficacy of 3 days versus 5 days of
oral amoxicillin for treatment of childhood
pneumonia: a multicentre double-blind trial.
Pakistan Multicentre Amoxycillin Short Course
Therapy (MASCOT) pneumonia study group.
Lancet 2002 (46)

J Hospitalized community- Randomized double blind non-

acquired pneumonia
J Adult
J 310 patients

acquired pneumonia
J Adults
J 196 patients

acquired pneumonia
J Adults
J 2796 patients

pneumonia
J Adults

acquired pneumonia
J Children
J 2000 patients

Type of study aim
study: Predetermined treatment
duration vs treatment duration based
on clinical response

inferiority study:
3 days vs 8 days of treatment for
patient with clinical response at day 3

Focusing on treatment duration
Monotherapy (fluoroquinolone or
beta-lactam)

inferiority study:
3 days vs 5 days of antimicrobial
treatment (Amoxicillin)

acquired pneumonia
inferiority study:
J Children (2 – 59 months) 3 days vs 5 days of antimicrobial
J 3,283 patients
treatment (oral Amoxicillin)

Results
duration vs 10 days: noninferiority demonstrated

J Safety analysis : non

difference between the
2 arms

J 7 days treatment

non- inferior to longer
treatment duration
considering clinical and/
or microbiological cure as
mortality
J Non-inferiority

demonstrated

J No significant difference

between 2 arms

J Non-inferiority

demonstrated

J Non-inferiority

demonstrated

outpatients would be practice-changing as it would allow it to this could allow treating CAP for a mean of three to four days
be applied to all patients with a CAP diagnosis instead of only versus the usual seven to 10 days. As there are 500,000 CAP
half of them.

annually in France, this strategy could lead to preventing from

As RTIs constitute a major indication of antibiotic therapy 1.5 to 3.5 million days of unnecessary antibiotic exposure each
in outpatients, a multicentre randomized clinical trial could year in our country.
be considered to assess whether an individualized antibiotic

Such a study necessitates that clinical response can

treatment duration strategy based on patient’s clinical be reliably monitored in outpatients. New connected
response for CAP in community settings is as effective as electronic devices make this a possibility, as our study using
conventional treatment duration. To date, no clinical trial MyHealthBox® devices by Visiomed demonstrated.
has been conducted evaluating an individualized duration of

Indeed, connected electronic devices can collect reliable

therapy in CAP as pointed out in a recent editorial in JAMA data on patients’ symptoms evolution, determine when
(39). And to our knowledge, no study concerning duration of patients reach stability criteria, and help prevent treatment
antibiotic ever took place in a community setting.

interruption in patients who do not meet stability criteria. This

With our trial, we hypothesize that 24 hours of stability in is important in daily practice: patients cannot be monitored
patients with febrile CAP, having received at least three days permanently by physicians or nurses, whereas electronic
of treatment, should be enough before stopping antimicrobial devices allow a precise and daily follow-up.
treatment as suggested by data of our ongoing trial (40), and
therefore reduces the duration of therapy compared to usual Concerning connected device monitoring:
practice.
If treatment duration can safely be based on clinical response,
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J Many data are available on the use of connected devices
for healthcare that assess security and liability.
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J Connected devices to monitor acute diseases in the

Conclusion

community seem promising but have never been evaluated

Thanks to connected devices (MyHealthBox®), management

before to the best of our knowledge.

of community-acquired infections for outpatients becomes
feasible. Connected devices make it feasible to manage

Mobile technology offers ways to help with healthcare

patients in a community setting and could thus prevent hospital

access, follow-up and safety management of patients

complications such as nosocomial infections. Moreover, they

(affordability and quality).

allow close monitoring of favourable outcomes and can help

Through mobile health applications sensors, medical devices

to individualize treatment duration, especially for respiratory

and remote patient monitoring products, there are avenues

tract infections. We believe that it will lead to shorter treatment

through which healthcare delivery can be improved. Connected

durations and therefore reduce pressure selection. n

devices allow a precise and daily follow-up of patients which
cannot be allowed by physicians in daily practice.
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proactively to address medical conditions, through near real-

He is involved in several national clinical research programmes,

time monitoring and treatment, no matter the location of the funded by the French government, focusing on reducing antimicrobial
patient or health provider.

treatment

duration

during

vertebral

osteomyelitis,

acute

The benefit of management of chronic disease with mobile pyelonephritis and, currently, community-acquired pneumonia.
technology has been well demonstrated for heart failure (41,
42). Data on monitoring of acute conditions are currently
rather scarce.
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