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Antibiotic treatment durations are
not based on scientific reasoning;
they stem from an artificially
created number system

A critical look at the evidentiary basis of our modern antibiotic treatment lengths.

Davie Wong, MD, FRCPC

ABSTRACT: Antibiotics are often prescribed
for longer than necessary, and treatment
durations are arbitrary and inherently flawed.
With the ongoing global threat of antimicro-
bial resistance, reducing treatment length to
the minimum effective duration is a priority.
However, achieving an optimum duration is not
an easy feat, because the scientific underpin-
nings of modern antibiotic durations are weak
or nonexistent.

s an infectious diseases physician,

I am often asked, “How long do

I treat this patient’s infection?”
After years of extensive medical training,
clinical practice, and memorization of treat-
ment durations from various infectious dis-
eases guidelines, surely my answer should
be based on credible scientific evidence,
right? There is a plethora of randomized
controlled trials comparing different treat-
ment durations for many types of infec-
tions, including streptococcal pharyngitis,’
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community-acquired pneumonia,? and
gram-negative bacteremia,’ to name a few.
However, is the method by which antibiotic
treatment durations are selected based on
scientific rationale or on a convenient and
pleasing system of numbers? In this article,
I take a critical look at the evidentiary basis
of our modern antibiotic treatment lengths.

How to determine duration of
treatment

On 16 October 2010, Dr Daniel Gilbert,
a professor of psychology at Harvard Uni-
versity, published an op-ed in 7he New Yor
Times describing his encounter at a local
emergency department.* He received a
7-day course of antibiotics for a minor ail-
ment. As a psychologist, he rightly posed
the question: “What I didn’t understand
was why a full course took precisely seven
days. Why not six, eight or nine and a half?
Did the number seven correspond to some
biological fact about the human digestive
tract or the life cycle of bacteria?”

On 22 October 2010, Dr Paul Sax, an
infectious diseases physician and an edi-
tor for the New England Journal of Med-
icine Journal Watch, responded satirically
to Dr Gilbert’s question: “The answer, Dr
Gilbert, is that this is highly-specialized
knowledge, rarefied information that only
100% Board-Certified, USDA-inspected
Infectious Diseases Doctors know. And
since 'm concerned that your article might
give readers the wrong impression about our

scientific credibility, I'll now divulge what

we've learned, and how to apply it.” Dr

Sax then wittily revealed the seven golden

rules for choosing an antibiotic duration:

1. Choose a multiple of 5 (fingers of the
hand) or 7 (days of the week).

2. Isitan outpatient problem that is rela-
tively mild? If so, choose something
less than 10 days. After application of
our multiples rule, this should be 5 or
7 days.

3. Is it really mild, so much so that anti-
biotics probably aren’t needed at all but
clinician or patient are insistent? Break
the 5/7 rule and go with 3 days. Ditto
uncomplicated cystitis in young women.

4. Is it a serious problem that occurs in
the hospital or could end up leading to
hospitalization? With the exception of
community-acquired pneumonia (5 or
7 days), 10 days is the minimum.

5. Patient not doing better at the end of
some course of therapy? Extend treat-
ment, again using a multiple of 5 or 7
days.

6. Does the infection involve a bone or
a heart valve? Four weeks (28 days) at
least, often 6 weeks (42 days). Note that
5 weeks (35 days) is not an option—here
the 5s and 7s cancel each other out, and
chaos ensues.

7. 'The following lengths of therapy are
inherently weird, and should generally
be avoided: 2, 4, 6, 8,9, 11, 12, 13 days.
Also, 3.14159265 days.’



'The takeaway from this comical exchange
is that treatment durations are mostly arbi-
trary. Consider the following sequence of
numbers, and fill in the blank: 2, 3,5, 7,
X, 13, and 17.The only value that makes
mathematical sense is 11, as all are prime
numbers. Now consider antibiotic treatment
durations in these two sequences: 3,5,7,X,
and 14 days and 1,2, X, and 6 weeks. What
goes in the blanks? Most of us would likely
answer 10 days and 4 weeks, but why? Do
these number sequences serve a mathemati-
cal or scientific purpose? Do they have a
special meaning or magical powers? In 321
AD, the Roman emperor Constantine the
Great declared that there would be 7 days
in a week.® As humans, we have 5 digits per
limb. Hence, we often choose durations that
are multiples of 5 or 7 for convenience. To
highlight the silliness of this prescribing
pattern, one expert coined the term “Con-
stantine unit.”®

According to psychologists, humans
have a propensity toward magical think-
ing that develops in childhood but can
persist into adulthood.” The application
of magical thinking to numbers is called
numerology—the belief in the mystical and
divine relationship between numbers and
outcomes. Consequently, our preferences
for particular treatment durations are based
not on science, but rather on the way we
organize numbers in our minds. We think
in chunks of time based on arbitrary human
constructs. In my experience, a particularly
potent number is 6 weeks, as many com-
plicated infections that demand prolonged
antibiotic therapy are often treated with a
6-week course in the absence of guiding
evidence. Is it logical to assume that biol-
ogy, physiology, or microbes care about our
arbitrary units of time?

Since our unit of time is based on the
24-hour rotational cycle of the Earth, I
wonder how our treatment durations would
be different if humans had evolved 2.5 bil-
lion years ago, when it took only 18 hours
for the Earth to make a complete rota-
tion about its axis. If humans were to ever
become an interplanetary species, would we
need to recalibrate our treatment durations

to correspond to the rotational speed of the
planet we lived on? This would be prob-
lematic, as some planets spin very slowly
(1 Venus day = 243 Earth days), while oth-
ers spin faster (1 Jupiter day = 0.42 Earth
days).®

In clinical trials comparing two differ-
ent antibiotic durations for certain infec-
tions, the short and long treatment arms are
typically multiples of 5 and 7, respectively,
even though study investigators can choose
any numbers they desire.”’! The fixation on

Our preferences for
particular treatment
durations are based not
on science, but rather
on the way we organize
numbers in our minds.

these numbers can be quite strong, poten-
tially limiting us from prescribing durations
that might be better for some patients. Note
that if noninferiority of the short duration
is demonstrated, it does not mean the short
treatment is the optimal duration, as opti-
mal duration varies from person to person.
It would be unwise to assume a fixed dura-
tion of treatment applies to every patient,
because differences in host and microbial
factors affect the time to recovery. How,
then, do we determine the correct duration
of antibiotic to prescribe?

How to determine when the
patient is cured

'The optimal treatment duration is the mini-
mum number of days, weeks, or months of
antibiotic required to cure the patient of
their infection. We typically rely on clini-
cal, biochemical, microbiological, and/or
radiographic findings to determine when
the patient has been adequately treated for
their infection. However, these parameters
do not necessarily tell us that tissue destruc-
tion/invasion by the pathogen has ceased.
It is common for clinical, biochemical,
and radiographic abnormalities to persist
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beyond the completion of the antibiotic
course, because the healing process (e.g., tis-
sue repair, immune downregulation, symp-
tom resolution) can last much longer.">"3 In
practice and in clinical trials, the definition
of cure is arbitrary and can include as many
or as few clinical, biochemical, microbio-
logical, and radiographic elements as one
desires. The greater the number of criteria
required or the more stringent they are to
satisfy the definition of cure, the harder it
is for patients to achieve it. From a micro-
biological standpoint, cure is achieved when
pathogens are no longer able to invade and
multiply.

'The goal of the antibiotic is to kill the
pathogens or render them incapable of
causing further disease. How much of the
microbial inoculum do you need to kill to
achieve this goal—80%, 90%, 100%? Do we
even know? The vast majority of patients
have an intact immune system that can
fight off the invading microbes too, so we
are not relying on the drug to do all the
work. How do you determine when enough
of the pathogens have been killed off that
you can stop treatment? Unfortunately, we
don't yet know how to figure this out. This
realization calls into question our funda-
mental understanding of what it means to
be cured. Persistent symptoms and signs of
inflammation do not necessarily indicate
ongoing infection.’*”® On the other hand,
the absence of inflammatory symptoms and
signs does not exclude infection either.'**
Moreover, patient symptoms correlate poor-
ly with pathogen burden.!¢ Therefore, we
don’t actually know when a patient is truly
cured of their infection, and, accordingly,
an optimal duration might simply be an
illusion.

Treatment durations in practice

Clinicians tend to favor certain treat-
ment durations, particularly 5, 7, 10, and
14 days.'” 'These fixed durations are inad-
equate, as they are not individualized. Con-
sider this hypothetical scenario: There are
1000 patients with pyelonephritis, and you
know exactly how many days of antibiotics
are needed to cure each patient. You plot
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these numbers on a histogram, ending up
with a normal distribution [Figure]. You
are tasked with writing a recommenda-
tion on treatment duration in a guideline.
Should you recommend 6 days (median)?
That won't work, because only half of the
patients will be cured. How about 8 days, so
that at least 90% are expected to be cured?
Unfortunately, 8 days results in overtreat-
ment of most patients, who require 7 or
fewer days. How about a range, such as 1
to 10 days? This would seem to be the most
correct answer, but it fails if the clinician is
unable to determine the precise number of
days required for their patient. To combat
this problem, biomarkers such as C-reactive
protein and procalcitonin can be used to
guide antibiotic duration, but these tools
have limited predictive power of when the
infection will have cleared.'® Additionally,
validated clinical criteria can also be used
to determine the length of therapy.® Treat-
ment guided by biomarkers and clinical cri-
teria are a step in the right direction toward
personalized antibiotic durations.

Treatment durations are getting
shorter

With the emergence of numerous random-
ized controlled trials demonstrating the
noninferiority of shorter treatment dura-
tions, we now realize that many infections
were historically treated for far too long.?
It was previously thought that longer treat-
ment was necessary to prevent infection
relapse and subsequent development of
antibiotic resistance, but modern clini-
cal trials have repeatedly debunked this
misconception.?’? Physicians tell their
patients to finish a course of antibiotics
even when they are feeling better, which
stems from the aforementioned miscon-
ception. Considering that many patients
receive antibiotic prescriptions for longer
than the guideline-recommended duration
and we do not yet know how to accurately
individualize treatments, it is conceivable
that this advice is never correct and may, in
fact, be harmful. We are now recognizing
that the opposite statement is true in some
cases—stop the course of antibiotics when
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FIGURE. A hypothetical scenario of 1000 patients with pyelonephritis, with the number of days of
antibiotics needed to cure each patient plotted on a histogram, resulting in a normal distribution.

you are feeling better—but further research
is needed to determine what feeling better
means.’®?* For example, in a clinical trial
comparing 3 versus 8 days of antibiotics
for the treatment of community-acquired
pneumonia, patients who reached clini-
cal stability (normal vital signs and mental
status) by day 3 were randomized to either
stopping treatment or continuing until
day 8. Those who stopped the antibiotic
on day 3 fared just as well as those who
stopped on day 8. Short-course therapy was
commonplace in the 1940s, when antibi-
otic courses given for 1 to 4 days for the
treatment of pneumonia were curative in
most patients.”® Eighty years later, modern
evidence has proven that this is still true.
Some obvious advantages of shorter treat-
ment include reduced selection pressure
that drives antimicrobial resistance, lower
costs, diminished risk of Clostridioides dif-
fcile infection, and decreased risk of adverse
drug effects. As we continue to experiment
with shorter lengths of therapy, we inch
closer to that coveted optimum duration.

Conclusions

Antibiotic treatment durations do not
appear to have any biological basis. Al-
though fixed treatment lengths dominate

the therapeutic paradigm of infection
management, they are inadequate and can
result in overtreatment of many patients.
With advancements in medical technology,
there is hope that treatment durations can
be fine-tuned to increase precision in our
therapeutic decisions. Let’s stop fixating
on fixed durations and embrace the entire
spectrum of numerals. W
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