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ABSTRACT

Backgound The drug central monitoring system set up
in Italy to evaluate the real-time trends of medicines used
in hospital and primary care settings contributed to inform
drug supplies, avoided stockpiling and allowed to monitor
adherence to clinical practice guidelines for the treatment
of COVID-19 patients. The primary objective of the study is
to understand how and to what extent the drug utilisation
tracked the evolution of COVID-19 pandemic and evaluate
the different pharmacological approaches adopted in
hospital and primary care settings.

Methods A national ecological study correlating the

drug utilisation of specific categories of drugs related to
SARS-CoV-2 with the number of SARS-CoV-2 hospitalised
or positive subjects. The correlation is estimated by

using linear regression models and reporting the angular
coefficients (slope) with relative p value.

Results Overall, 15 drug categories are identified: 7
categories are available in both settings, 6 categories

are prevalent in hospital setting and 2 categories are
used in primary care. As for drugs common to both
settings, a statistically significant positive association
between the number of SARS-CoV-2-positive subjects
and drug consumption is found only for low-molecular-
weight heparin, oxygen, azithromycin and steroids. As
regards drugs used exclusively in hospital, a significant
correlation is observed for cardiac stimulants, general
anaesthetics, hypnotics and sedatives as well as muscle
relaxant drugs. Among drugs used exclusively in primary
care, the study has shown a positive correlation only for
vitamin D. Finally, the adoption in clinical practice of the
recommendations issued by the competent authorities
was assessed: at hospital level, the use of drugs with a
negative recommendation (such as hydroxychloroquine
and azithromycin) was promptly stopped.

Conclusions Study findings show a positive correlation
between the use of specific drug categories used during
the pandemic and the number of COVID-19-positive

and hospitalised patients, suggesting the relevant role

of evaluating drug utilisation patterns in tracking the
evolution of pandemics and guideline adherence in clinical
practice.

INTRODUCTION
The first phase of COVID-19 pandemic was
characterised by high level of uncertainty in

,' Aurora Di Filippo,' Graziano Onder,>* Davide Eleuteri,*

WHAT IS ALREADY KNOWN ON THIS TOPIC

= The studies conducted about the use of drugs
during pandemic showed altered and inappropriate
prescription for hydroxychloroquine, azithromycin,
antiviral and steroids in hospital or primary care
settings.

WHAT THIS STUDY ADDS

= Our study provides comprehensive information
on prescribing patterns of 15 categories of drugs
for COVID-19 patients treated both in hospital and
primary care at national level, as well as compli-
ance with recommendations issued by competent
authorities.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= This study shows that monitoring drug utilisation
patterns for COVID-19 patients treated both in hos-
pital and primary care could provide insights into the
progress of the pandemic from different aspects and
verify adherence to guidelines and influence pre-
scribing in clinical practice.

the treatment of SARS-CoV-2 infection; the
evidence on effective treatments was limited
and the therapeutic approaches were based
on studies providing in vitro data on anti-
viral activity, poor quality clinical studies or
compassionate/off-label use of drugs that in
most cases proved to be unsuccessful.' More-
over, during the early phase of pandemic, it
was observed an increased and unexpected
demand for several medicines by hospi-
tals, both for COVID-19 treatment (recom-
mended and off-label) and supportive ther-
21pies.2 Moreover, the primary care setting
faced abnormal behaviours in medicines
purchase, which sometimes resulted in short-
ages of hydroxychloroquine and oxygen.””
A drug central monitoring system was set up
in Italy to evaluate the real-time trends of
medicines used in hospital and primary care
settings; this system contributed to inform on
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drug supplies, avoiding (inappropriate) stockpiling, and
it also allowed to monitor the adherence to clinical prac-
tice guidelines for the treatment of COVID-19 patients.®’

The uncertainties on COVID-19 treatments altered
prescription pattern and purchasing behaviour in several
countries. Different studies conducted in ambulatory
setting (community pharmacy) confirmed this phenom-
enon highlighting an altered prescription, especially for
hydroxychloroquine and azithromycin, when compared
with background period.*"! An increased use of antiviral,
antibiotics, steroids and hydroxychloroquine was also
observed among hospitalised patients.'*™*

There is a lack of studies, conducted throughout all
phases of the pandemic, evaluating prescription patterns
and purchasing behaviours on principal therapeutic
classes of drugs used both in hospital and primary care
settings. Moreover, no study attempted to link altered
prescribing patterns with the number of COVID-19
patients by attempting to correlate pandemic severity
with peak drug demand trends.

The pandemic period, as defined by the WHO from 11
March 2020 to 81 March 2022,"” was characterised by the
rapid change in the prevalent viral variant and disease
severity, as well as by the evolution of different pharma-
cological approaches. In fact, as new evidence became
available, the guidelines were continuously updated. The
global vaccination campaign represented a key break-
through in tackling the pandemic; moreover, it reduced
pressure on the healthcare system in terms of hospital
access and intensive care unit admission.'®

Therefore, analyses of national drug consumption
in various settings may provide important information
about the severity of COVID-19 pandemic, the change in
treatments over time and their appropriateness of use.

The primary objective of the study is to understand
how and to what extent the drug utilisation tracked
the evolution of the COVID-19 pandemic and evaluate
the different pharmacological approaches adopted in
different settings (non-hospitalised and hospitalised
patients). A further objective of the study is to investigate
the adoption in clinical practice of the recommendations
issued by the Italian Medicines Agency (AIFA) periodi-
cally updated on the basis of newly available evidences.

METHODS

Data source

The data source used is the so-called ‘traceability’ system
(Decree of the Minister of Health 15 July 2004) aimed
at the tracking movements of medicines with Marketing
Authorisation in Italy. This is a nationwide information
system tracking drug movements generated by pharma-
ceutical companies, including all packages sent (sell-in)
to healthcare facilities of the Italian National Health
System or to community pharmacies. Sell-in data were
considered a proxy for drug utilisation and were aggre-
gated on a monthly basis.

Data on cases of SARS-CoV-2-positive individuals and
hospitalisations related to COVID-19 were retrieved
through daily monitoring by the Italian Ministry of
Health."”

Study design

This study is a national ecological study that correlated
the use of specific categories of drugs related to SARS-
CoV-2 with the number of subjects testing positive for
SARS-CoV-2. In the primary care setting, monthly drug
utilisation trends were compared with the SARS-CoV-2-
positive patients (non-inpatients), while at the hospital
level, SARS-CoV-2 patients undergoing hospitalisation
were used as a comparison.

The specific demand for the selected drugs was
compared nationwide over four different phases: (1)
the pre-COVID period (January 2019-February 2020),
(2) the first pandemic phase (first waves) before mass
vaccination (March 2020-January 2021), (3) the second
pandemic phase (second waves) after the start of vaccina-
tion (February 2021-November 2021) and (4) the third
pandemic phase (third waves), during which the booster
dose was administered (December 2021-December
2022).

The selected drug categories were those frequently
used and available during all phases of the pandemic (e,
from February 2020 to the end of the study), regardless of
their specific indication for the treatment of SARS-CoV-2.
Depending on the prevalent setting (hospital or primary
care), the drugs were divided into drugs available in both
settings (group 1), those for hospital use (group 2) and
those for primary care (group 3). The complete list of
drugs (by the Anatomical Therapeutic Chemical classi-
fication (ATC) level V and therapeutic class) included
in each group is available in online supplemental tables
1-3. For the hospital setting, the injectable formulation
of the drugs selected (if available) was considered, and
for primary care the oral formulations.

Drug utilisation, in terms of number of packs, in both
hospital and primary care settings was evaluated. The
comparison was made in graphical terms by superim-
posing the monthly consumption curves and those of
SARS-CoV-2-positive subjects for the entire time span
from pre-COVID phase to phase 4, that is, following mass
vaccination; the pre-COVID phase was considered as
a baseline to assess subsequent changes. All time series
were smoothed using five-period moving averages; the
correlation between the drug sell-in and the number of
patients testing positive for SARS-CoV-2 was then esti-
mated for each phase using linear regression models; the
angular coefficients (slope) and associated p-values were
then reported to test the significance of the relationship
using Student’s t-test. The slope should be interpreted
as the variation observed in drug utilisation (in a given
phase) corresponding to the unit increase in a SARS-
CoV-2-positive subject (hospitalised or not depending on
the reference category); an angular coefficient (slope)
significantly > of 0 means that an increase in the number
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of individuals positive or hospitalised for COVID-19
(according to the category considered) resulted in an
increase in drug utilisation equal to that coefficient.

To respond to the second objective of the study,
monthly sell-in time series was evaluated against the time
references of specific AIFA and Ministry of Health recom-
mendations. The focus was on azithromycin, hydroxy-
chloroquine and vitamin D, for which the regulatory
authorities have issued negative opinions.

Ethics committee approval was not required according
to Italian legislation because the study was a descriptive
analysis of aggregated data. Analyses were performed
with SAS, version 9.4 (SAS Institute).

RESULTS

Overall, 15 drug categories are identified, including 82
active ingredients, 7 drug categories are available in both
settings (group 1), 6 are prevalent in hospital setting
(group 2), while 2 categories are mainly used in primary
care use (group 3) (online supplemental tables 1-3).

Drugs commonly used in both hospital and primary care
settings

As for drugs commonly used in both settings, drug utili-
sation patterns seem to follow the trends of patients
hospitalised for SARS-CoV-2 or SARS-CoV-2-positive cases
(supplementary material S-Figurel); however, a statisti-
cally significant positive correlation is observed only for
low-molecular-weight heparins (LMWHs), oxygen, azith-
romycin and steroids, as showed in section 1 of table 1
and figure 1.

In particular, a strong positive association is found
between the number of SARS-CoV-2-positive subjects and
drug consumption of LMWH during vaccination phase,
both in hospital and primary care (section 1 of table 1).
Specifically, in the primary care setting, an increase in
LMWH sell-in is observed both in the vaccination phase
and the subsequent booster phase (slope=0.13and 0.24,
respectively). This may suggest that such reversal could
be driven by the lower severity of the disease and new
treatment approaches (including the arrival of vaccines),
which have shifted COVID-19 patients from the hospital
to home treatment, as also confirmed by positive patient
data over time (figure 1A,B and section 1 of table 1).

As for oxygen, the correlation between drug sales and
positive patients is observed, in particular, in the hospital
setting for the entire observation period, whereas this
association is observed only in the prevaccination and
vaccination phases in primary care setting. In numerical
terms, the increase observed for oxygen is +14.43 units
per SARS-CoV-2-positive subjects in the prevaccination
phase, +23.32 units in the vaccination phase and +20.33
in the booster phase. The peak is, therefore, reached in
the very early phase of the pandemic, before mass vacci-
nation has been implemented and when the most serious
cases and the highest number of deaths due to COVID-19
are observed (figure 1C and section 1 of table 1).

The association between sellin and SARS-CoV-2-
positive subjects is also positive in the primary care
setting, although with significantly lower slopes (+0.13
in the prevaccination phase and +0.24 in the vaccination
phase); however, no association has been found between
SARS-CoV-2-positive subjects and oxygen in the booster
phase in this setting (figure 1D and section 1 of table 1).

With regards to azithromycin, the correlation with
patient hospitalised for COVID-19 is observed only in
the hospital setting showing a reduction of sell-in from
the prevaccination phase to the vaccination phase; in
the primary care setting, however, a significant increase
in sell-in is observed, especially in the prevaccination
phase, which, however, is not associated with the trend
of SARS-CoV-2-positive subjects (figure 1E,F and section
1 of table 1).

Finally, for corticosteroids, we observed a significant
positive slope in the prevaccination and vaccination
phases only for the hospital setting; in the booster phase,
however, we do not observe an increase in sell-in as cases
increase (figure 1G,H and section 1 of table 1).

Drugs used in hospital setting

Regarding drugs used exclusively in hospital setting, a
significant correlation is observed with respect to patients
hospitalised for COVID-19 during prevaccination and
vaccination phases for cardiac stimulants, general
anaesthetics and hypnotics and sedatives. As for muscle
relaxant drugs, however, it is observed that the intensity
of the correlation is approximately the same in all phases
(slope between 0.12 and 0.14) and, thus, the correlation
with hospitalised patients remains statistically significant
even in the booster phase.

While for general anaesthetics, hypnotics and sedatives
and peripheral muscle relaxants, reductions in sell-in
trends are observed between the prevaccine phase and
the booster phase consistent with the trend in the number
of hospitalisations for COVID-19; for cardiac stimulants,
the sell-in continues to grow even in the booster phase
despite the reduction in cases. In fact, it can be seen from
the graph that, for all these categories, sell-in levels in the
booster phase are similar to those in the prepandemic
phase with the exception of cardiac stimulants, whose
sales levels continue to be higher than prepandemic
levels (figure 2A-D and section 2 of table 1).

This trend is consistent with the trend of the pandemic,
which has been characterised by greater uncertainty in
the early phase, during which a greater use of intensive
and subintensive therapies is observed and greater pres-
sure on hospitals is recorded.

Drugs used in primary care

With regards to drugs used exclusively in primary care,
only for vitamin D, a positive and significant correlation
has emerged between consumption and SARS-CoV-2-
positive subjects during all pandemic phases considered
(figure 3 and section 3 of table 1). In particular, the
strength of the correlation has grown progressively from
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Table 1
settings, in each phase of the pandemic

Linear regression for the relationship between the COVID-19 patients and drugs used in hospital and primary care

Hospital setting

Primary care setting

Slope of the Slope of the
regression Probt regression Probt
Category Phase line SD (significance) line SD (significance)
Section 1: Common drugs in hospital and primary care settings
prevaccine phase 0.25 0.16 0.1540 0.15 0.11 0.2083
vaccination phase 0.31 0.07 0.0011 (9 0.24 0.03 0.0000 (1)
LMWH booster phase 0.18 0.28 0.5426 0.32 0.14 0.0468 (¥)
prevaccine phase 16.43 3.28 0.0007 (1) 0.13 0.05 0.0290 (%)
vaccination phase 23.32 1.72  0.0000 (1) 0.24 0.03 0.0000 (1)
Oxygen booster phase 20.33 5.22 0.0025 (%) 0.42 0.28 0.1602
prevaccine phase 0.16 0.10 0.1208 0.67 0.38 0.1099
vaccination phase 0.08 0.02 0.0054 (%) 0.00 0.29 0.9941
Azithromycin booster phase 0.05 0.04 0.2029 0.93 0.56 0.1258
prevaccine phase 0.38 0.15 0.0317 (%) 0.48 0.50 0.3560
Corticosteroids for Vaccination phase 0.38 0.09 0.0032 (%) -0.37 0.27 0.2044
systemic use booster phase 0.20 0.13 0.1427 0.03 0.94 0.9784
Section 2: Drugs used exclusively in hospital setting
prevaccine phase 0.32 0.09 0.01(
vaccination phase 0.21 0.08 0.0230 (%)
Cardiac stimulants booster phase 0.18 0.20 0.3904
prevaccine phase 0.32 0.11 0.0162 (")
General vaccination phase 0.28 0.04 0.0000 (1)
anaesthetics booster phase 0.09 0.05 0.0868
prevaccine phase 0.14 0.05 0.0236 ()
Hypnotics and vaccination phase 0.12 0.02 0.0001 (1)
sedatives booster phase 0.08 0.04 0.0806
prevaccine phase 0.14 0.05 0.0230 (%)
Peripheral muscle vaccination phase 0.12 0.02 0.0001 (1)
relaxant booster phase 0.14 0.04 0.0019 (%)
Section 3: Drugs used in primary care setting
prevaccine phase 1.10 0.30 0.0048 (%)
vaccination phase 1.46 0.33 0.0018 (%)
Vitamin D booster phase 3.10 1.33 0.0390 (%)

*p value<0.05.
Tp value<0.01.
LMWH, low-molecular-weight heparin.

the prevaccination phase to the booster phase: the slope
has increased from 1.10 to 3.10, meaning that, as a single
SARS-CoV-2-positive subject increases, vitamin D sell-in
increases by 3.10 packs during the booster phase.

Again, however, the increase in vitamin D sell-in peaks,
in absolute terms, in the vaccination phase, regardless
of the prevalence of SARS-CoV-2-positive cases. There-
fore, the maximum correlation is reached in the booster
phase, a phase in which SARS-CoV-2-positive cases also
increase (figure 3 and section 3 of table 1).

Adoption in clinical practice of national recommendations

The analysis of drug sales trends to evaluate how and
whether the (negative) recommendations provided by
the competent national agencies have been implemented
in clinical practice is shown in figure 4A-F.

For azithromycin, the Italian Medicines Agency (AIFA)
has released a recommendation (updated May 2020)"®
against its use alone or in association outside of overlap-
ping bacterial infection. As a result of such recommenda-
tion, it can be observed that hospital use has decreased
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Figure 1 Time series of drugs used in both hospital and primary care settings and COVID-19 patients by settings for each of

the four pandemic phases.

since November 2020, although lagging behind the agen-
cy’s indication. In contrast, in primary care, increasing
and continuous use is observed over time, despite the
negative recommendation (figure 4A,B).

AJFA issued a recommendation against the use of
hydroxychloroquine (April 2020)' in both hospital
and primary care settings. Subsequent updates to the
indication were released in May, July and November
2020. Following AIFA’s negative recommendation,
the use of hydroxychloroquine was immediately aban-
doned by hospitals. A strong reduction has also been
observed at the primary care level after the initial

negative recommendation, although stable use of the
drug remained (averaging 150.000 packs/month) at
a higher level than prepandemic, suggesting weaker
uptake than in the hospital setting (figure 4C,D).
Although the Italian Ministry of Health released
a recommendation® to reiterate that the efficacy
of vitamin supplements, including vitamin D, is not
proven for the treatment of COVID-19 patients,
consistent use has been observed in both hospital and
primary care settings during all phases of the pandemic

(figure 4EF).
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DISCUSSION

This is the first study to analyse the real-world use of
drugs widely used during the COVID-19 pandemic in
both hospital and primary care settings with national

Primary care setting - Vitamin D
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Figure 3 Time series of drugs used in primary care and
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coverage. Furthermore, it represents the first attempt to
monitor the translation of national recommendations on
medicines used for COVID-19 into clinical practice. The
results of the study show a positive correlation between
the use of specific categories of drugs widely used during
the pandemic and the number of COVID-19-positive
and hospitalised patients, suggesting the relevant role
of assessing drug utilisation patterns in tracking the
evolution of pandemics. Such experience confirms that
the interpretation of drug utilisation patterns allows to
understand the ‘burden’ of disease and its severity (eg,
the effect of the introduction of vaccination and the
spread of virus variants) through peak claims in different
settings, time periods and geographic areas, as well as to
consistently grasp the appropriateness of drug treatment
use through its modification over time.

In fact, it has been found that specific drug categories,
such as oxygen, LMWH and corticosteroids, correlated
significantly with the number of patients hospitalised
for COVID-19; furthermore, even for these categories,
a reduction in use (particularly in the hospital setting)
was observed starting from 2021 following the arrival
of vaccination campaign and monoclonal antibodies,

6 Marino ML, et al. BMJ Public Health 2025;3:6001767. doi:10.1136/bmjph-2024-001767
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Figure 4 Time series of utilisation patterns of drugs for which regulatory agencies issued negative recommendation (dotted

red line).

when the disease had a less dangerous course and conse-
quently fewer patients needed intensive care. The more
benign course of COVID-19 infections also seems to be
demonstrated by an observed correlation for oxygen and
LMWH, compared with COVID-19-positive subjects, in
the primary care setting: in fact, the highest correlation
between these categories of drugs and the number of
positive subjects treated in the primary care setting occurs
precisely in the vaccination phase. These trends probably
indicate that more positive patients could be treated at
home because they did not require hospitalisation. As
reported by the Health Ministry circular of 26 April 2021,
for COVID-19 patients with oxygen saturation values
<92% who do not require hospitalisation, home oxygen
therapy may be prescribed by the general practitioner.”’
The correlation between the use of supportive thera-
pies for critically ill hospitalised patients (see injectable
drugs, such as cardiac stimulants, general anaesthetics,
and hypnotics and sedatives) and hospitalised patients
also points in the same direction. The use of supportive
therapies was higher in the phases preceding the vaccina-
tion campaign.

Evaluating how and which drugs were used to treat
COVID patients in hospital and community settings
provides important information about the progress of
the pandemic, clinical management by health authorities
as well as the ability of clinical practice to act in situations
of uncertainty and adapt to rapidly changing evidence.
In this regard, studies have been conducted to assess

prescribing profiles for hospitalised COVID patients'* **

or COVID outpatients,23 2 put never, before our study,
had the treatment of COVID patients as a whole been
studied simultaneously in both settings. As reported by
Alvarez et al,'* during the first weeks of the pandemic
in Spain, more than 70% of patients hospitalised with
COVID infection had received hydroxychloroquine,
lopinavir/ritonavir or azithromycin mostly in combi-
nation. A study describing the drug utilisation patterns
over time in patients hospitalised with COVID-19 in the
USA during 2021 showed that most common treatment
regimens are represented by corticosteroids in mono-
therapy and by association of steroids/remdesivir, its use
follows the hospitalisation trend and the treatment regi-
mens evaluated are consistent with NIH guidelines.”” The
study conducted in the outpatient setting showed that,
for COVID-19 outpatients, in some Italian regions, the
most prescribed therapies were based on the antibiotic
agent (mostly azithromycin) combined with corticoste-
roid,23 2 also combined with antithrombotic® or vitamin
D.** The prescription of hydroxychloroquine was limited
to the first months.? Unlike ours, these studies are able
to observe drugs directly dispensed to COVID patients,
but they focus on only one of the two settings, hospital or
primary care.

The uncertainty that characterised the early stages of
the pandemic led to the use of drugs with little evidence
of efficacy exposing patients to both the potential inef-
fectiveness of treatments and the risk of serious adverse
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events. In the early phase of the pandemic (first half of
2020), a high sellin of azithromycin, hydroxychloro-
quine, antivirals (darunavir-cobicistat and lopinavir—
ritonavir) and immunosuppressants  (tocilizumab,
anakinra, baricitinib and sarilumab) was observed, but
muscle relaxants and general anaesthetics were also used
as supportive therapy in hospitalised patient requiring
mechanical ventilation.”” Some of these drugs, including
azithromycin, hydroxychloroquine and the antiviral
association lopinavir/ritonavir or darunavir/cobicistat,
proved ineffective in clinical trials completed after the
first epidemic phase.?® ?’ As new evidence has emerged
from clinical trials, therapies have become increasingly
appropriate and effective, raising the need for further
investigation into the prescribing profiles and therapies
used to treat COVID-19 patients,'? **** as well as how the
pandemic has impacted prescribing profiles in chronic
conditions or for primary care outpatients'’ "' **’ or in
certain patient populations, such as the elderly,”’ showing
the impact of the COVID pandemic on both prescribing
patterns and drug consumption for common chronic
diseases.

This study has also assessed whether the use of drugs
was consistent with the recommendations provided by
health authorities. At the hospital level, it can be said
that the use of drugs with a negative recommendation
was promptly dropped; this is the case with hydroxychlo-
roquine and azithromycin. The situation in primary care
was different: azithromycin continued to be massively
used (misused) even after the regulatory agency’s nega-
tive opinion, as did vitamin D.

Thus, there appears to be a clear need to improve the
dissemination of scientific information, also in order to
promptly identify any obstacles to proper adherence to
recommendations. In addition, timely monitoring made
it possible to capture real-time prescribing trends and
prevent any hoarding and/or shortages.

The strength of this study, although descriptive in
nature, is represented by the overall population at risk
in the country, the types of drugs overall distributed in
different clinical settings and a long study period covering
the prepandemic, pandemic and postpandemic periods.

Our study has some limitations. The irst limitation is
represented by the use of aggregate data that do not allow
to establish an individual link between COVID-19-positive
patients (hospitalised or treated at home) and their
actual drug consumption. Although in the limitation of
aggregate data, they can provide useful information for
very large phenomena with a dynamic trend, such as the
coronavirus pandemic COVID-19. Moreover, it should be
considered that the sell-in data used do not guarantee
the actual use of drugs, but rather the purchase by hospi-
tals (in the hospital setting) and community pharmacies
(in the primary care setting). Finally, another limitation
is that the private purchases of medicines by citizens have
not been taken into account.

In conclusion, our study underlines the importance
of drug monitoring systems, which through real-time

assessment can provide important information on drug
use. At an aggregate level, correlations between drug
use and COVID patients could provide information on
the evolution of the pandemic and the severity of the
disease, as well as on the evolution of patients' pharma-
cological management. Indeed, assessing how and which
drugs have been used to treat COVID patients in hospital
and community settings provides important information
on clinical management by health authorities, adher-
ence to clinical practice guidelines for the treatment of
COVID-19 patients, the ability to capture prescribing
trends in real time and prevent possible hoarding and/
or shortages and the ability of clinical practice to act in
situations of uncertainty and adapt to rapidly changing
evidence.
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