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Internal Medicine wards are an appropriate focus of antibiotic stewardship, along with emergency departments
and intensive care units, because a large proportion of patients are with parenteral broad-spectrum antibiotics.
Given the unmet clinical need of antibiotic optimization in the hospital and the importance of front-line prac
titioners for antibiotic stewardship, the barriers and tactics to overcome them were discussed in a round table at
the European Congress of Internal Medicine. Better rapid diagnostic tests should help to increase appropriate
early antibiotic rates, favoring diversity in antibiotic choices adapted to the awareness of local resistance pat
terns. Providing such is a greater challenge in low-resource settings. Prescriptions should be personalized,
adjusting dosage and source control to specific patients’ conditions. Shorter antibiotic duration and de-escalation
are major drivers to reduce adverse events, with mortality and recurrence rates being independent of antimi
crobial duration. Appropriate diagnostic tests with quick turnaround times decrease excessive antibiotic use.
Antimicrobial optimization requires a multidisciplinary approach and it should be a core competence of training
specialists, improving opportunities to provide safer patient care.

Many obstacles in antimicrobial stewardship (AMS) are shared
across high-income countries (HICs) and low and middle-income
countries (LMICs). Some of the issues raised in a workshop by the
American Thoracic Society on AMS in the Intensive Care Unit (ICU) [1]
are universal and could be applied to many different settings: exces
sively larger-spectrum drugs are often prescribed due to the fear of not
covering a specific pathogen with narrow-spectrum antibiotics while
waiting on cultures; unnecessary therapy escalation often occurs when a
new clinical event, such as fever or hypotension, manifests within hours
of therapy initiation, at a time when treatment response did not had
enough time to occur or when such events are due to other reasons. The
lack of awareness of adverse events related to antibiotic prescription
also applies to LMIC settings, as nephrotoxicity, increased risk for
Clostridioides difficile infection, selection of drug-resistant species and
other side effects are often neglected during antibiotic prescription.
Nevertheless, many challenges are exclusive of or more often experi
enced by healthcare workers in resource-limited settings. In this review,
we aim to discuss current challenges in providing AMS at the hospital in
both low and high resource settings. Barriers to implement antimicrobial
optimization in the hospital, tactics to overcome and the role of

internists in multidisciplinary teams was convened in a specific work
shop at the 10th European Congress of Internal Medicine (ECIM), that
was held in Malaga (Spain), on 10th June 2022. This report is a synthesis
of the lecture and subsequent major discussion that emerged among
participants.
1. Diagnostic workup
Blood cultures and specimens from infectious sites should be
collected as early as possible near the infection onset. In sepsis, patients
with vasopressors or immunocompromised it is not appropriate to delay
antibiotic start to collect samples because clinical outcomes remain the
primary concern. Over the past years, many tests have been developed
aiming to provide more rapid results for microbiological tests: point-ofcare antimicrobial susceptibility tests [2], rapid tests for identifying
extended-spectrum β-lactamases (ESBLs) [3], carbapenemases [4] and
resistance to polymyxin/colistin [5], for example. Non-culture methods,
including nucleic acid amplification technologies, transcriptomic tests,
and predictive biomarkers also aid on sepsis diagnosis [6,7]. Although
there are no studies, up to our knowledge, evaluating the impact of
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incorporating such technologies using clinical outcomes, reducing time
to diagnosis might improve clinical outcomes of patients with sepsis and
ultimately reduce length of hospital stay [8].
Diagnostic resources represent an important difference between low
and high-resource settings. LMICs have lower availability of culture
methods, rapid tests and molecular diagnostic tools [9]. Additionally, in
some scenarios these tests are available, but must be either paid by the
patient (which might prevent the clinician from ordering a specific test)
or are seen as “unreliable” [10], perpetuating the prescription of un
necessary or excessively large spectrum antibiotics in the absence of
positive cultures or in the presence of negative ones.
The caveat of using biomarkers (C-reactive protein and procalcito
nin, for example) for sepsis diagnosis in the ICU is that such methods
have very low specificity and might be elevated in non-infectious prior
conditions, like severe hypoxemia, cardiogenic shock, surgery, trauma
[11] or graft dysfunction in transplanted patients [12].
Such technologies are not always available in low-resource settings,
but there is room for improvement when using traditional culture
methods. Many pre-analytical factors, such as previous disinfection of
collection site, collecting adequate blood volume, and using continuous
monitoring blood culture systems, impact on blood culture results [13];
using a dedicated phlebotomy team for blood culture collection reduced
the contamination rates [14].
Additionally, a great challenge when diagnosing lower respiratory
tract infections is to distinguish colonization from infection. Using
quantitative or semi-quantitative methods and standardizing sputum,
tracheal aspirate or bronchoalveolar lavage specimens collection could
aid in making this distinction and ultimately prevent unnecessary anti
microbial prescription.
Another important issue is the difficulty in communication between
microbiology professionals and those involved directly with patient
care. In a survey by Villanueva et al. [15], in HIC hospitals, blood culture
results were more frequently (98%) notified to the treating clinician
within 24 h of positive results, compared to only 22% of LMIC hospitals.
Improving the communication between microbiologists and caregivers
is a low-cost intervention that might impact on time to diagnosis and
ultimately time to treatment.
In summary, optimizing patient surveillance in order to shorten time
to diagnosis, improving diagnostic methods through rapid testing and
strengthening the communication between microbiologists and
attending physicians is key to reduce time to diagnosis in order to pro
vide timely treatment.

microorganisms in LMIC. In their study, several MDR surveillance
strategies were used in LMICs; most relied on microbiological data ob
tained from laboratories and did not follow a case-based approach,
suggesting that there is room for improvement on surveillance and
reporting. Using protocols based on local microbiological data is asso
ciated with an increase in adequate antimicrobial administration [18];
therefore, AMS programs must alight the importance of collecting
adequate surveillance data and make it available for caregivers, as well
as provide training for medical staff in order to tailor empirical therapy
to the local epidemiology.
3. Adequate dosing regimens and selective pressure
The fear of antibiotic-associated complications, such as nephrotoxi
city, often leads to prescribing under-dosed antibiotics or omitting
loading doses, particularly regarding those that are widely recognized
for common and serious side effects. A survey on use of polymyxins
found that a large proportion of doctors omit loading doses for colistin
and often prescribe underdoses [19]. A study on vancomycin use in an
emergency department in the United States [20] found that only 22.1%
of vancomycin doses were correct; more than 70% were under the rec
ommended, indeed. Similarly, aminoglycoside prescription was not in
accordance to current guidelines in 66% of prescriptions from an
Australian hospital [21].
Although complications of overdosing antimicrobial regimens are
widely known, it is likely that the risks of under-dosing are frequently
overlooked. Rather than preventing complications, under-dosing pro
vides selective pressure that facilitates the emergence MDR microor
ganisms [11]. Providing adequate antimicrobial regimens, in the
pharmacokinetic-pharmacodynamic (PK/PD) sense, is a greater chal
lenge in severe infections, when vasopressors or mechanical ventilation
are required. We reported that standard doses might be insufficient for
patients with increased volume of distribution (fluid resuscitation),
increased cardiac output (early phases of shock) or who underwent
mechanical ventilation or other organ support techniques [11]. A
landmark multinational study [22] aiming to examine beta-lactam
plasma concentrations in critical patients found that 20% of patients
did not even achieve free drug concentrations above MIC for 50% of the
dosing interval; large variations were seen across units, highlighting the
need for personalized dosing regimens.
In this sense, the development of objective tools aiming to improve
adequate dosing prescription is increasingly important. A pre-post
intervention study evaluating the impact of dose calculators found sig
nificant reductions in dose errors for gentamycin and vancomycin [23];
Bayesian distribution of software aimed at monitoring concentration
levels using peak and trough concentrations are being increasingly used
in hospitals worldwide and are strongly recommended for monitoring
vancomycin levels in severe Staphylococcus aureus infections [24], for
example. Nevertheless, serum level concentration tests are not widely
available, most software is costly and its acquisition is rarely seen as a
priority for hospitals in LMICs. The development of more affordable
open-source software will facilitate doctors from LMICs to have access to
dose calculators; nevertheless, continuous education must highlight the
importance of adequate dosing regimens and provide training regarding
upcoming software.

2. Choice of empirical treatment and the importance of local
epidemiological data
It is well known that antibiotics must be started as soon as possible
when sepsis is suspected or confirmed, ideally within the first hour [16],
which depends on not delaying sepsis diagnosis, and also on choosing
the adequate empirical drug for treatment (“right first time”). This poses
a great challenge in LMICs where rates of multidrug resistant (MDR)
infections are on the rise, even for community-acquired infections. In
this sense, rapid antimicrobial susceptibility tests might aid on tailoring
therapy within the first hours of treatment.
Choosing the right empirical treatment implies on not missing the
causative pathogen and, at the same time, preventing the use of
potentially toxic and unnecessarily broad-spectrum drugs. As reported
form the 90 s, knowing the local epidemiology of antimicrobial resis
tance is critical, particularly in urgent settings such as septic shock.
Nevertheless, surveillance of MDR microorganisms is suboptimal in
LMICs. Ouedraogo et al. [17] highlighted that in many West African
countries the reporting of MDR organisms is deficient and prevalence
rates are unknown. Adequate and centralized reporting systems are an
important tool in AMS, as they provide valuable insight on resistance
rates and ultimately might guide appropriate empirical therapy options.
Lim et al. [9] have recently proposed surveillance strategies for MDR

4. Antimicrobial options
Increased rates of MDR infections have been reported worldwide
[25]; LMICs are not only challenged with a lower availability of anti
biotic options, they also experience higher rates of MDR organisms and
often have suboptimal surveillance. In Brazil, for example, there has
been an increase in MDR Pseudomonas aeruginosa over the past years
[26], as well as for meticillin-resistant Staphylococcus aureus [27],
Vancomycin-Resistant Enterococci [28] and carbapenemase-producing
Enterobacterales [29]. In Serbia, increasing rates of multidrug resistant
40
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Klebsiella pneumoniae, Acinetobacter baumannii and Pseudomonas aerugi
nosa have been observed [30]. A study on antimicrobial resistance in
West African countries [17] found alarming rates of multidrug resistant
organisms; for example, the prevalence of Extended-spectrum beta-
lactamase producing Escherichia coli was up to 66%, and the prevalence
of carbapenemase-producing microorganisms was around 36% in
reference hospitals in Nigeria.
Despite alarming rates of MDR infections, access to new antimicro
bials is scarce in LMICs. This poses a challenge for all care practitioners
in low-resource settings, particularly in critical care units and emer
gency departments where time to therapy is a bigger issue. Alternative
combined regimens for MDR infections often rely on nephrotoxic drugs,
such as polymyxins, in a context where multiple events contribute to
renal injury.
In settings where MDR infections are highly prevalent, particularly
polymyxin-resistant Gram-negative bacteria and vancomycin-resistant
Gram-positive bacteria, acquisition of new beta-lactams/betalactamase inhibitors (BLBLI) and cephalosporins must be seen as a pri
ority: patients with MDR infections treated with BLBLI demonstrate
increased survival and lower renal injury rates in infections by KPCproducing Enterobacterales and MDR Pseudomonas aeruginosa [31]. In
settings where these new therapies are not available for all patients with
MDR infections, AMS programs aiming to prioritize patients who will
benefit the most from such therapies are warranted.

treatment for sepsis found that regimens during up to 7 days might be as
safe as those that take up to two weeks [39].
Nevertheless, providing shorter antimicrobial courses should not be
applied in a “one size fits all” approach and must be done in a case-bycase fashion. Changes in baseline CRP and PCT [40] and clinical pa
rameters are helpful when deciding when to de-escalate. Resolution of
hypoxemia, fever and white cell count was present in 74.7%, 73.3% and
53.3%, respectively among intubated patients with pneumonia within
three days of therapy, being early signs of recovery; in contrast, reso
lution of radiological opacities, and clearance of secretions lasted a
median of 14 and 6 days until resolution, being late events ant they
should not preclude a short duration of treatment [33] in pneumonia. In
our experience in the real-world, these are common triggers for “esca
lation”, often inappropriate. In order to optimize clinical improvement,
it is critical to choose adequate-spectrum, bactericidal empirical therapy
and not delay its administration [41]. Also, improvement of urinalysis
can be used as a tool to deem a regimen as effective and help therapy
simplification.
Guidelines on antimicrobial treatment might provide important tools
on when to decide for a shortened duration of treatment, combining
source control, use of biomarkers (when available), antimicrobial sus
ceptibility and severity of infection. Additionally, further studies on
shortening treatment duration, both observational and clinical trials,
will be useful for establishing a more objective and tailored approach for
this matter.

5. De-escalation

7. The importance of diversity

De-escalation consists replacing a broad-spectrum empirical therapy
for a narrow-spectrum therapy followed by its discontinuation; it might
also include reducing the number of antimicrobials in a combination
therapy [32]. One of the goals of AMS is to reduce using broad-spectrum
drugs whenever possible, reducing selective pressure and ultimately the
rates of MDR microorganisms. De-escalation to narrow-spectrum drugs
is often feared by physicians working with critical care patients due to
patient severity; there is a common sense that if a patient is improving
with an empirical drug, it might not be safe to de-escalate. The lack of
trust in microbiological methods in low-resource settings [10], as
mentioned previously, contributes to unnecessary maintaining
broad-spectrum drugs in the presence of negative cultures.
De-escalation might be possible in more than one third of patients
with ventilator-acquired pneumonia (VAP) and it has been associated
with higher survival rates in several studies [33–35]; obtaining respi
ratory samples before antimicrobial therapy initiation is key to make
de-escalation possible [34]. Knowledge of the local epidemiology and
prevalence of resistance and using rapid antimicrobial susceptibility
tests aid in de-escalation.
In some groups of patients who have severe underlying conditions,
such as hematological and transplanted patients, de-escalation might be
challenging considering the need for very broad-spectrum empirical
therapies; additionally, the presence of neutropenia discourages physi
cians to narrow antimicrobial spectrum [36]. Clinical biomarkers such
as C-reactive protein (CRP) or procalcitonin (PCT) might indicate when
it is safe to de-escalate in lung transplant patients [37] presenting an
episode of acute respiratory failure where it would be difficult early
differentiation between graft dysfunction or pneumonia.
Continuous medical education on antimicrobial therapy, improved
communication between microbiologists and attending physicians plus
optimizing surveillance can contribute to empower front line physicians
to provide safe de-escalation.

Cycling has been reported as potential tool to prevent emergence of
resistance. However, the experience reported by the authors indicate
that heterogeneity of antibiotic prescription, ensuring diversity, are
associated with lower incidence rate of MDR microorganisms [42],
including Enterococcus faecium, Staphylococcus aureus, Klebsiella species,
Acinetobacter baumannii, Pseudomonas aeruginosa, and Enterobacter spe
cies (ESKAPE) [43], suggesting that patient-specific regimens might
impact on MDR rates. This highlights the need for a more personalized
approach to antimicrobial therapy. In this sense, AMS programs should
have a key role in promoting antimicrobial diversity in patient pre
scription, ensuring larger heterogeneity. Low diversity, with a pre
dominant use of an antibiotic class is facilitating the emergence of
resistance. Predominance of carbapenems have been associated with
carbapenem-resistant Acinetobacter baumannii, whereas ESBL has
emerged with predominant use of third-generation cephalosporines
[42].
8. AMS programs and the importance of continuing education
AMS is resource-demanding and depends on a very intricate health
system structure that encompasses infection prevention and control
(IPC) – which for once depends, among other factors, on the physical
capacity of health facilities –, laboratory resources, infection surveil
lance and epidemiology, medical and nursing education, antibiotic
availability and post-prescription surveillance. All these factors, much
less available in LMICs, impact on stewardship and these differences
must not be neglected.
Hospitals in LMICs have less formal AMS and IPC programs, less
available antibiotic options and smaller distance between hospital beds,
where single-patient rooms are less commonly reported, impacting on
infection prevention and posing a challenge for separating patients with
MDR infections from those admitted for other reasons [15]. Addition
ally, in most LMIC hospitals, the majority of professionals involved in
AMS are not infectious diseases (ID) specialists [15], highlighting the
need for antibiotic prescription to be seen as a core competence of any
physician involved directly with patient care. However, in LMICs, where
this is even more important – due to a lower availability of ID specialists
– it is likely that doctors and pharmacists are even less prepared to deal

6. Shortening treatment duration
Recent studies indicate that shortening treatment duration of in
fections in critical care patients is safe for most patients. Treating
ventilator-associated pneumonia for a reduced period (8 vs. 15 days) did
not affect clinical outcomes [38]; additionally, a review on duration of
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with issues related to antibiotic prescription: a survey in four African
countries indicated that around half of healthcare students were not
familiar to the term "antimicrobial stewardship" and had no access to
up-to-date information on antibiotics [44]. In another survey, conducted
in East Africa, 82.3% of final year medical and pharmacy students knew
when to start antimicrobial therapy, but a third of them did not know
how to choose the appropriate antimicrobial regimen [45].
Although the lack of ID specialists in AMS programs is partly
explained by the unavailability of such professionals in some settings,
considering that a large proportion of healthcare professionals are not
aware of the importance of AMS, it is likely that the importance of
incorporating pharmacists and ID specialists or clinical microbiologists
for infection control and surveillance is underestimated by hospital
managers [15]. In this sense, stewardship is often seen as a strategy
aimed at reducing antibiotic costs rather than improving patients’ out
comes, when actually AMS is better defined as “the right drug at the
right time and the right dose for the right bug for the right duration” [1].
Taken together, these findings indicate that healthcare education in
resource-limited settings must account for the limited availability of ID
specialists and therefore should encompass AMS as a core competence in
providing patient care. This gap in medical training regarding antimi
crobial therapy poses a bigger problem in the ICU, where the proportion
of infections caused by MDR organisms is higher [1] and there is a
smaller window of opportunity when providing the adequate antimi
crobial regimen at the appropriate time, particularly in patients with
septic shock. Although more than 3/4 of patients in the ICU receive
antibiotics [46], prescriptions and dosage regiments are often inade
quate [22].
Therefore, antimicrobial therapy training must be incorporate as a
core competence for internists, hospitalists, critical care and emergency
medicine doctors, who must be empowered and trained to take decisions
on antimicrobial treatment in the adequate time. Considering the dy
namic nature of local antimicrobial resistance and prevalence patterns
of infection, it is important that such competences are continuously
updated. Hospitals must encourage and provide longitudinal training on
AMS to hospital physicians, and in this sense, formal AMS and IPC
programs might provide and facilitate continuous education on anti
microbial therapy. In this sense, a consensus on the competences of
generic antimicrobial prescribing and stewardship was developed by the
European Society of Clinical Microbiology and Infectious Diseases [47].

Table 1
Challenges when providing AMS in hospital settings and possible strategies .
Challenges
Gaps in healthcare
education
Longer time to treatment
Frequent inadequate dosing
Less availability on
diagnostic tools
Less availability on
treatment options

Gaps in reporting and
surveillance
Longer than necessary
duration of treatment

Proposed strategies
Addressing antimicrobial stewardship as a core
competence of intensive care education, focusing on
appropriate antibiotic choice and duration
Improving communication between microbiologists
and intensive care professionals; acquiring more
rapid diagnostic tools when feasible
Providing continuous education on antimicrobial
prescription; using dose calculators and drug
concentration measurements
Discussing the importance of incorporating new
technologies when possible; improving
communication between microbiology professionals
and treating clinicians
Reserve large-spectrum drugs for specific clinical
scenarios and use narrow-spectrum antibiotics
whenever possible; discussing incorporating new
antibiotics in settings where scarce options are
available for MDR infections
Establishing centralized surveillance programs and
using electronic health records to automate reporting
Updating current guidelines considering recent
studies on shortening duration of antimicrobial
treatment; guidelines should provide objective
information regarding treatment duration and
specific criteria for longer or shorter antimicrobial
courses

ID, infectious diseases; AMS, antimicrobial stewardship; IPC, infection preven
tion and control; ICU, intensive care unit; MDR, multidrug resistant .

diseases specialists shortage in this setting due to limited resource set
tings is common. Therefore, the role of the internist in driving efforts in
LMIC is remarkable, assuming tasks of leadership and clinical training in
antibiotic optimization in the post-COVID19 era.
10. Conclusions
Although new technologies, such as better rapid diagnostic tests and
new antibiotics, are facilitating the management of hospitalized patients
with severe infections, these are not widely available and many chal
lenges remain in both high and low income settings. We provide a
summary of the most important challenges when providing adequate
AMS in hospital settings (and possible strategies) in Table 1.
Adequate antimicrobial prescription for hospitalized patients de
pends on adequate diagnosis of true infection, identification of etio
logical agent, early initiation of potent and appropriate therapy, dose
optimization, appropriate duration and adequacy to local guidelines,
ensuring diversity in prescriptions whenever possible. This depends on
continuous medical education, knowledge of local surveillance and
epidemiology and availability of diagnostic methods and therapeutic
options, all of which are less available in low-resource settings,
providing particular challenges to those physicians based in LMICs.
Although most literature on this subject is produced in HICs, we believe
a tailored approach for resource-limited settings is warranted, focusing
on healthcare education and raising awareness on this matter.
Further studies on de-escalation and shortening duration of therapy,
as well as the continuous development of rapid tests and biomarkers,
will provide more objective tools that might aid in prescribing tailored
antimicrobial therapy.

9. AMS in the post-COVID era
The SARS-CoV-2 pandemic posed a great challenge in providing
adequate AMS due to a combination of excessive workload, over
crowded ICUs, an unprecedented number of patients requiring invasive
ventilator support for long periods (with the subsequent high rates of
hospital-associated infections) [48] and difficult diagnostic testing.
Validation of diagnostic tests with clinical outcomes as primary endpoints are an unmet clinical need. The clinicians’ fear of suboptimal
outcome if a pathogen is missing requires microbiological strategies
with short turnaround times. Blood cultures and adequate microbiologic
specimens from the infectious site (eg. respiratory secretions in a subject
with pneumonia) obtained near the infection onset should be obtained.
Rapid diagnostic, without culture steps, for susceptibility becomes a
major challenge. In samples with common microbial colonization, such
as intubated patients, quantitation becomes a useful tool to discriminate
from true infection in the real-world. C-reactive protein, procalcitonin
and other biomarkers can assist decisions [49].
Rapid molecular tests need to be incorporated to the early pathogen
detection and detailed information has been recently reported [6].
Available evidence from severe infections can be translated to internal
medicine wards with milder infections, and further research is required
on elderly, multimorbidity and chronic organ failure patients.
In a recent publication [50], 77.2% of institutions in low and middle
income countries had active AMS programs. Remarkably, infectious
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[30] Popović R, Tomić Z, Tomas A, et al. Five-year surveillance and correlation of
antibiotic consumption and resistance of Gram-negative bacteria at an intensive
care unit in Serbia. J Chemother 2020;32(6):294–303. https://doi.org/10.1080/
1120009X.2020.1755588.
[31] Aslan AT, Akova M. The Role of Colistin in the Era of New β-Lactam/β-Lactamase
Inhibitor Combinations. Antibiotics 2022;11(2):277. https://doi.org/10.3390/
antibiotics11020277.
[32] Tabah A, Bassetti M, Kollef MH, et al. Antimicrobial de-escalation in critically ill
patients: a position statement from a task force of the European Society of Intensive
Care Medicine (ESICM) and European Society of Clinical Microbiology and
Infectious Diseases (ESCMID) Critically Ill Patients Study Group (ESGCIP).
Intensive Care Med 2020;46(2):245–65. https://doi.org/10.1007/s00134-01905866-w.
[33] Vidaur L, Gualis B, Rodriguez A, et al. Clinical resolution in patients with suspicion
of ventilator-associated pneumonia: a cohort study comparing patients with and
without acute respiratory dystress syndrome. Crit Care Med 2005;33:1248–53.
https://doi.org/10.1097/01.ccm0000165811.61232.d6.
[34] Rello J, Vidaur L, Sandiumenge A, et al. De-escalation therapy in ventilatorassociated pneumonia*. Crit Care Med 2004;32(11):2183–90. https://doi.org/
10.1097/01.CCM.0000145997.10438.28.
[35] Kollef MH, Morrow LE, Niederman MS, et al. Clinical characteristics and treatment
patterns among patients with ventilator-associated pneumonia. Chest 2006;129(5):
1210–8. https://doi.org/10.1378/chest.129.5.1210.
[36] Rello J, Sarda C, Mokart D, et al. Antimicrobial Stewardship in Hematological
Patients at the intensive care unit: a global cross-sectional survey from the Nine-i
Investigators Network. Eur J Clin Microbiol Infect Dis 2020;39(2):385–92. https://
doi.org/10.1007/s10096-019-03736-3.
[37] Tejada S, Campogiani L, Mazo C, et al. Acute respiratory failure among lung
transplant adults requiring intensive care: changing spectrum of causative
organisms and impact of procalcitonin test in the diagnostic workup. Transpl Infect
Dis Off J Transplant Soc 2020;22(5):e13346. https://doi.org/10.1111/tid.13346.
[38] Chastre J, Wolff M, Fagon JY, et al. Comparison of 8 vs 15 days of antibiotic
therapy for ventilator-associated pneumonia in adults: a randomized trial. JAMA
2003;290(19):2588–98. https://doi.org/10.1001/jama.290.19.2588.
[39] Barrett J, Edgeworth J, Wyncoll D. Shortening the course of antibiotic treatment in
the intensive care unit. Expert Rev Anti Infect Ther 2015;13(4):463–71. https://
doi.org/10.1586/14787210.2015.1008451.
[40] Borges I, Carneiro R, Bergo R, et al. Duration of antibiotic therapy in critically ill
patients: a randomized controlled trial of a clinical and C-reactive protein-based
protocol versus an evidence-based best practice strategy without biomarkers. Crit
Care 2020;24(1):281. https://doi.org/10.1186/s13054-020-02946-y.
[41] Niederman MS. Use of broad-spectrum antimicrobials for the treatment of
pneumonia in seriously ill patients: maximizing clinical outcomes and minimizing
selection of resistant organisms. Clin Infect Dis 2006;42(Suppl 2):S72–81. https://
doi.org/10.1086/499405.
[42] Sandiumenge A, Diaz E, Rodriguez A, et al. Impact of diversity of antibiotic use on
the development of antimicrobial resistance. J Antimicrob Chemother 2006;57(6):
1197–204. https://doi.org/10.1093/jac/dkl097.
[43] Sandiumenge A, Lisboa T, Gomez F, Hernandez P, Canadell L, Rello J. Effect of
antibiotic diversity on ventilator-associated pneumonia caused by ESKAPE
Organisms. Chest 2011;140(3):643–51. https://doi.org/10.1378/chest.11-0462.
[44] Ogunnigbo O, Nabiryo M, Atteh M, et al. Exploring the Antimicrobial Stewardship
Educational Needs of Healthcare Students and the Potential of an Antimicrobial
Prescribing App as an Educational Tool in Selected African Countries. Antibiot
(Basel) 2022;11(5):691. https://doi.org/10.3390/antibiotics11050691.
[45] Lubwama M, Onyuka J, Ayazika KT, et al. Knowledge, attitudes, and perceptions
about antibiotic use and antimicrobial resistance among final year undergraduate
medical and pharmacy students at three universities in East Africa. PLoS ONE
2021;16(5):e0251301. https://doi.org/10.1371/journal.pone.0251301.
[46] Vincent JL, Sakr Y, Singer M, et al. Prevalence and Outcomes of Infection Among
Patients in Intensive Care Units in 2017. JAMA 2020;323(15):1478–87. https://
doi.org/10.1001/jama.2020.2717.

References
[1] Wunderink RG, Srinivasan A, Barie PS, et al. Antibiotic Stewardship in the
Intensive Care Unit. An Official American Thoracic Society Workshop Report in
Collaboration with the AACN, CHEST, CDC, and SCCM. Ann Am Thorac Soc 2020;
17(5):531–40. https://doi.org/10.1513/AnnalsATS.202003-188ST.
[2] Abbasi J. Rapid Test for Antibiotic Susceptibility. JAMA 2017;318(14):1314.
https://doi.org/10.1001/jama.2017.15190.
[3] Demord A, Poirel L, D’Emidio F, Pomponio S, Nordmann P. Rapid ESBL NP Test for
Rapid Detection of Expanded-Spectrum β-Lactamase Producers in Enterobacterales.
Microb Drug Resist Larchmt N 2021;27(8):1131–5. https://doi.org/10.1089/
mdr.2020.0391.
[4] Feng Y, Palanisami A, Kuriakose J, Pigula M, Ashraf S, Hasan T. Novel Rapid Test
for Detecting Carbapenemase. Emerg Infect Dis 2020;26(4):793–5. https://doi.org/
10.3201/eid2604.181655.
[5] Germ J, Seme K, Cerar T, Krizan Hergouth V, Pirs M. Evaluation of two rapid
phenotypical tests-Alifax rapid AST colistin test and Rapid Polymyxin NP test-for
detection of colistin resistance in Enterobacterales. Eur J Clin Microbiol Infect Dis
2021;40(8):1749–53. https://doi.org/10.1007/s10096-021-04182-w.
[6] Watkins RR, Bonomo RA, Rello J. Managing sepsis in the era of precision medicine:
challenges and opportunities. Expert Rev Anti Infect Ther 2022;20(6):871–80.
https://doi.org/10.1080/14787210.2022.2040359.
[7] Rello J, van Engelen TSR, Alp E, et al. Towards precision medicine in sepsis: a
position paper from the European Society of Clinical Microbiology and Infectious
Diseases. Clin Microbiol Infect 2018;24(12):1264–72. https://doi.org/10.1016/j.
cmi.2018.03.011.
[8] Cooper-Jones B, Farrah K. A Rapid Test for Microbial Identification in Patients
With Suspected Sepsis. CADTH issues in emerging health technologies. Canadian
Agency for Drugs and Technologies in Health; 2016. Accessed June 29, 2022, http:
//www.ncbi.nlm.nih.gov/books/NBK469970/.
[9] Lim C, Ashley EA, Hamers RL, et al. Surveillance strategies using routine
microbiology for antimicrobial resistance in low- and middle-income countries.
Clin Microbiol Infect 2021;27(10):1391–9. https://doi.org/10.1016/j.
cmi.2021.05.037.
[10] Huong VTL, Ngan TTD, Thao HP, et al. Improving antimicrobial use through
antimicrobial stewardship in a lower-middle income setting: a mixed-methods
study in a network of acute-care hospitals in Viet Nam. J Glob Antimicrob Resist
2021;27:212–21. https://doi.org/10.1016/j.jgar.2021.09.006.
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