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Infection, Antibiotics, and Patient Outcomes in the Intensive Care Unit
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Infection is a major cause of admissions and prolonged stays
in intensive care units (ICUs). Epidemiological information
on the underlying source of infections, associated microor-
ganisms, treatment, and eventual outcomes is essential for
idel?t.ifying gaps gnd oppor-
tunities to optimize patient
management. Systematic and
harmonized data collection across institutions allows for geo-
graphical comparisons and tracking of temporal trends and also
enhances the generalizability of findings. However, such large-
scale patient-level data are scarce, likely due to the immense
logistical demands for coordinating such a study.

Building on previous work (the European Prevalence of
Infection in Intensive Care [EPIC I] study in 1992 and the
Extended Prevalence of Infection in Intensive Care [EPIC II]
study in 2007),%? and as reported in the Extended Study on
Prevalence of Infection in Intensive Care III (EPIC III) in this
issue of JAMA, Vincent and colleagues? collected comprehen-
sive data on the global epidemiology of infections in ICUs from
point prevalence surveys at 1150 centers in 88 countries span-
ning 6 continents. All cause in-hospital mortality within 2
months was also recorded. The majority of the ICUs were from
academic medical centers in upper-middle to high-income
countries. Among 15165 patients with infection data, 8135
(54%) patients had suspected or proven infection and 10 640
(70%) received at least 1 antibiotic. Gram-negative bacteria were
the predominant microorganisms isolated in those with posi-
tive cultures (3540/5259 [67%]). The in-hospital mortality was
30% among patients with suspected or proven infection.

The most striking finding of EPIC III is how little has
changed in terms of the prevalence of infection and the asso-
ciated mortality over 3 decades. The EPIC I study' was based
on data from 1992 and reported that 45% of the participants
had infections. The EPIC Il study? was based on data from 2007
and reported that 51% of the participants had infections with
anin-hospital mortality rate of 33%. These estimates are close
to those from other similar studies performed during the past
decade.* Although it could be argued that these studies vary
in case definitions and durations of follow-up, and it may not
be possible to draw conclusions based on direct compari-
soms, it is disappointing that mortality remains so high de-
spite the focus on the early recognition and management of
sepsis over the years. This could raise concerns about pos-
sible stagnation in investments by governments and pharma-
ceutical companies in antibacterial therapeutics and diagnos-
tics, especially with multidrug-resistant bacteria becoming
more COMMON.

In the current report by Vincent et al,? the high preva-
lence of gram-negative bacteria among the positive microbio-
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logical cultures, especially among patients with hospital- and
ICU-acquired infections, likely reflects the overall microbial
ecosystem in the participating ICU units and is a cause for con-
cern. This is because of the ability of gram-negative patho-
gens to acquire antibiotic-resistance genes, especially in the
presence of antibiotic selection pressure.” This global trend has
been recognized as a major challenge with a limited range of
therapeutic options available. Two recent reports commis-
sioned by the World Health Organization highlight the lim-
ited pipeline for antibiotic agents. The 60 potential therapeu-
tics in development consist of 50 antibiotics and 10 biologics
and provide little benefit over existing treatments because only
a few target the most concerning multidrug-resistant gram-
negative bacteria.®

Another important finding of this study is the persis-
tently high rate of antibiotic use relative to the prevalence of
infections, which is similar to that reported in 2007 by the
EPIC II study.? Although appropriateness for the use of anti-
biotics was not assessed in the 15 165 patients, the data reveal
that a substantial proportion of antibiotic use was either for
prophylaxis (28%; n = 4217) or empirically prescribed (51%;
n = 7723) and only 35% (n = 5259) had positive microbiologi-
cal cultures. Antibiotic use is likely to be even higher in ICUs
in low- to middle-income countries, with an increasing trend
mirroring the economic resources available in these countries.”
Given the emphasis on antibiotic stewardship programs in re-
cent years, persistently high antibiotic consumption in the ICU
highlights the challenges in implementing effective steward-
ship interventions in this setting.

Imprecise clinical and microbiological diagnostics are of-
ten slow or inadequate to explain the rapid changes in the
physiological status of patients, contributing to the physi-
cians’ hesitancy to de-escalate or discontinue antibiotics in this
high-stakes patient population.® Recent efforts to discon-
tinue antibiotics have focused on procalcitonin use, diagnos-
tic stewardship, and computerized decision support systems
among others. However, these types of efforts have not been
shown to have a lasting effect on antibiotic use or antibiotic
resistance among patients in the ICU.® Even though major in-
fectious disease societies and international expert groups have
published recommendations and checklists for general anti-
microbial stewardship programs,®-1° there is a lack of guid-
ance for both the utility and implementation of antimicrobial
stewardship specific to the ICU. There is a need for novel ap-
proaches to optimize antibiotic use in these critically ill pa-
tients to enable better outcomes while minimizing the collat-
eral harms associated with antimicrobial resistance.

It is encouraging to observe continued expansion of the
EPIC I study since 1992, with increasing representation from
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various geographical and resource settings. This reflects the
unprecedented connectivity that the medical and scientific
communities now exploit to form global networks. To im-
prove participation from low- to middle-income countries, ac-
tive support can be offered for specialized research tasks such
as ethics applications and data collection. Capacity building
through research can potentially promote successful collabo-
rations and bring about sustained benefits to the local health
care system. Another advantage of a wide collaborative net-
work is the opportunity to engage local investigators in sur-
vey design to prioritize information for data collection and to
enhance applicability of data and analysis with the aims of
strengthening monitoring systems and designing interven-
tions to improve patient care.

A limitation in the interpretation of EPIC III,? especially
when considered together with other similar point preva-
lence surveys conducted in ICUs, is the inconsistent method
of data collection. The ambiguity in diagnosing and treating
infections, compounded by the diverse underlying patholo-
gies among ICU patients, contribute to uncertainties around
the identification of infections and classification of their
sources. Compared with sepsis, which is usually identified by
standardized criteria according to international consensus,!

diagnosis of infections is more nuanced. In addition, nonster-
ile sites such as the respiratory tract and the urinary tract can
potentially be overestimated as sources of infection because
true infection cannot be confidently discriminated from colo-
nization. These uncertainties threaten the reproducibility of
the findings and limit the ability of these data to detect tem-
poral trends. Carefully designed serial point prevalence sur-
veys with core components to maintain comparability, and op-
tional variables adapted for local interests, can better evaluate
the clinical effects of developments in critical care and sepsis
management.

The EPIC III study by Vincent et al® is an impressive re-
port that highlights a high prevalence of infections and anti-
biotic use in ICUs globally. This will likely motivate further re-
search to fill the gap in the design and implementation of
antibiotic stewardship interventions specifically targeting ICU
settings. Given that these 3 point prevalence studies span-
ning almost 30 years have consistently reported high and stable
mortality rates,!? it is imperative that continued develop-
ment of novel diagnostics and therapeutics be encouraged. The
infectious disease and critical care communities cannot re-
main complacent in the face of such high levels of infection-
related ICU mortality.

ARTICLE INFORMATION

Author Affiliations: Division of Infectious Disease,
University Medicine Cluster, National University
Hospital, Singapore (Yin, Tambyah); Department of
Medicine, National University of Singapore,
Singapore (Yin, Tambyah); Mahidol-Oxford Tropical
Medicine Research Unit, Faculty of Tropical
Medicine, Mahidol University, Salaya, Thailand
(Yin); Nuffield Department of Medicine, University
of Oxford, Oxford, England (Yin); Department of
Internal Medicine, Carver College of Medicine,
University of lowa, lowa City (Perencevich); Center
for Access and Delivery Research and Evaluation,
lowa City VA Health Care System, lowa City, lowa
(Perencevich).

Corresponding Author: Eli N. Perencevich, MD,
MS, University of lowa, General Internal Medicine
and Infectious Diseases, 601 Highway 6 W, lowa
City, I1A 52246 (eli-perencevich@uiowa.edu).

Published Online: March 24, 2020.
doi:10.1001/jama.2020.2241

Conflict of Interest Disclosures: Dr Tambyah
reported receiving grants from Sanofi Pasteur,
Johnson & Johnson, Roche, GlaxoSmithKline, and
Shionogi. No other disclosures were reported.

Disclaimer: The views expressed in this article are
those of the authors and do not necessarily reflect
the position or policy of the Department of
Veterans Affairs or the US government.

JAMA Published online March 24,2020

REFERENCES

1. Spencer RC. Epidemiology of infection in ICUs.
Intensive Care Med.1994;20(4)(suppl 4):52-S6.
doi:10.1007/BF 01713975

2. Vincent J-L, Rello J, Marshall J, et al; EPIC I
Group of Investigators. International study of the
prevalence and outcomes of infection in intensive

care units. JAMA. 2009;302(21):2323-2329. doi:10.

1001/jama.2009.1754

3. Vincent J-L, Sakr Y, Singer M, et al; EPICII
Investigators. Prevalence and outcomes of
infection among patients in intensive care units in
2017. JAMA. Published March 24, 2020. doi:10.
1001/jama.2020.2717

4. Sakr, Jaschinski U, Wittebole X, et al; ICON
Investigators. Sepsis in intensive care unit patients:
worldwide data from the intensive care over
nations audit. Open Forum Infect Dis. 2018;5(12):
ofy313. doi:10.1093/ofid/ofy313

5. Peleg AY, Hooper DC. Hospital-acquired
infections due to gram-negative bacteria. N Engl J
Med. 2010;362(19):1804-1813. doi:10.1056/
NEJMra0904124

6. World Health Organization. 2019 antibacterial
agents in clinical development an analysis of the
antibacterial clinical development pipeline; 2019.
Accessed February 25, 2020. https://apps.who.int/
iris/bitstream/handle/10665/330420/
9789240000193-eng.pdf

7. Klein EY, Van Boeckel TP, Martinez EM, et al.
Global increase and geographic convergence in
antibiotic consumption between 2000 and 2015.
Proc Natl Acad Sci U S A. 2018;115(15):E3463-E3470.
doi:10.1073/pnas.1717295115

8. Chiotos K, Tamma PD, Gerber JS. Antibiotic
stewardship in the intensive care unit: challenges
and opportunities. Infect Control Hosp Epidemiol.
2019;40(6):693-698. doi:10.1017/ice.2019.74

9. Dyar 0OJ, Beovi¢ B, Pulcini C, Tacconelli E,
Hulscher M, Cookson B; ESCMID Generic
Competencies Working Group. ESCMID generic
competencies in antimicrobial prescribing and
stewardship: towards a European consensus. Clin
Microbiol Infect. 2019;25(1):13-19. doi:10.1016/j.cmi.
2018.09.022

10. Barlam TF, Cosgrove SE, Abbo LM, et al.
Implementing an Antibiotic Stewardship Program:
guidelines by the Infectious Diseases Society of
America and the Society for Healthcare
Epidemiology of America. Clin Infect Dis. 2016;62
(10):e51-e77. doi:10.1093/cid/ciw118

11. Singer M, Deutschman CS, Seymour CW, et al.
The Third International Consensus definitions for
sepsis and septic shock (sepsis-3). JAMA. 2016;315
(8):801-810. doi:10.1001/jama.2016.0287

jama.com

© 2020 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ by Piergiorgio Gigliotti on 03/25/2020


mailto:eli-perencevich@uiowa.edu
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2020.2241?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2020.2241
https://dx.doi.org/10.1007/BF01713975
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2009.1754?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2020.2241
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2009.1754?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2020.2241
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2020.2717?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2020.2241
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2020.2717?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2020.2241
https://dx.doi.org/10.1093/ofid/ofy313
https://dx.doi.org/10.1056/NEJMra0904124
https://dx.doi.org/10.1056/NEJMra0904124
https://apps.who.int/iris/bitstream/handle/10665/330420/9789240000193-eng.pdf
https://apps.who.int/iris/bitstream/handle/10665/330420/9789240000193-eng.pdf
https://apps.who.int/iris/bitstream/handle/10665/330420/9789240000193-eng.pdf
https://dx.doi.org/10.1073/pnas.1717295115
https://dx.doi.org/10.1017/ice.2019.74
https://dx.doi.org/10.1016/j.cmi.2018.09.022
https://dx.doi.org/10.1016/j.cmi.2018.09.022
https://dx.doi.org/10.1093/cid/ciw118
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2016.0287?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2020.2241
http://www.jama.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2020.2241

