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Introduction. The risk of extended spectrum β-lactamase (ESBL) bacterial acquisition in patients with β-lactam allergy has been
poorly investigated. In a previous study conducted over a 6-year long period (2007-2012), we found that patients with declared β-
lactam allergy had a higher risk of ESBL bacterial carriage at admission in intensive care unit (ICU), but they had not a higher risk
of ESBL bacterial acquisition. We present the final results of the study which was eventually conducted over a 12-year long period
(2007-2018). Materials and Methods. The study included all patients admitted in ICU and receiving antibiotic treatment from
January 2007 to December 2018. ESBL bacterial acquisition was the main clinical outcome. Mortality in ICU, multidrug
resistant bacterial carriage at admission and discharge were the secondary outcomes. Results. Overall, 3332 patients were
included, 132/3332 (3.9%) were labelled β-lactam allergic, while 3200/3332 (96.1%) did not presented β-lactam allergy. No
significant difference in rates of ESBL acquisition was detected (4/132, 3% vs. 78/3200, 2.4%; p = 0:17). Patients with β-lactam
allergy had higher rates of ESBL bacterial carriage at admission (19/132, 14.4% vs. 248/3200, 7.8%, p = 0:01) and at discharge
(22/132, 16.7% vs. 351/3200, 11%, p = 0:04) than nonallergic patients. No differences in mortality, duration of hospitalization,
and carriage of methicillin resistant Staphylococcus aureus were reported. Female gender was the only factor associated with β-
lactam allergy at the multivariate analysis. Conclusions. This study confirms that patients with declared β-lactam allergy had
not a higher risk of ESBL bacterial acquisition during hospitalization in ICU. However, they had a higher ESBL bacterial
carriage at admission.

1. Introduction

β-lactam allergy is largely reported in hospital patients [1],
even though the documentation is incomplete in 66% up
to 84% of cases with lack of allergen identification and
description of the reaction [2]. Because of an often unjusti-

fied fear of severe drug reactions, physicians have tendency
to prescribe antibiotics other than β-lactams in these
patients [3]. Among the alternative molecules, vancomycine,
clindamycine, and fluoroquinolones are the most frequently
prescribed [4–6]. As a consequence, increased risk of meth-
icillin resistant Staphylococcus aureus (MRSA) carriage and
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Clostridioides difficile disease was reported [7, 8]. Also, an
increased risk of infections by extended spectrum beta lacta-
mase (ESBL) bacteria could be expected [9].

In a previous article, we presented the preliminary data
of a retrospective study which investigated the characteris-
tics of patients admitted to intensive care unit (ICU) and
the risk of multidrug resistant (MDR) bacterial acquisition.
During a 6-year long period (2007-2012), we found that
patients with declared β-lactam allergy had a higher risk of
ESBL bacterial colonization at admission than patients with-
out declared allergy. However, the simple size of the “β-lac-
tam allergy” group was not very representative (n = 45)
when compared with the “non β-lactam allergy” group
(n = 1129), reducing the statistical value of the study [10].

In this article, we present the complete results of the
study which was conducted over a 12-year long period
(2007-2018) before the coronavirus infectious disease-2019
(COVID-19) pandemic.

2. Materials and Methods

A retrospective cohort study was conducted in a 350 acute
care-bed hospital in the Ile de France region in France over
a 12-year long period from January the 1st, 2007, to Decem-
ber 31st, 2018. All adult patients admitted in ICU and
receiving antibiotic therapy were included. Exclusion criteria
included (i) age at admission < 18 years old, (ii) absence of
antibiotic treatment during hospitalization in ICU, and (iii)
repetitive hospitalization after a first encounter during the
study period.

The study was conducted in accordance with Declara-
tion of Helsinki and national and institutional standards.
The local institutional review board waived patients’ consent
obligation due to the retrospective character of the study,
according to the French law. Similarly, a written consent
form was not proposed to patients because the noninterven-
tional nature of the study, according to the French law [11,
12].

Software used in daily clinical practice (Sillage v17 and
CGM Lab channel 1.20.33686) was employed for clinical
data collection (patients’ history and characteristics). β-lac-
tam allergy was defined by the presence in past medical his-
tory of a supposed or documented reaction of any grade
(low, mild, or life threatening) to at least a β-lactam mole-
cule among penicillins, cephalosporins, and carbapenems.
The following patients’ data were collected: age, gender, β-
lactam allergy report, simplified acute physiology score II
(SAPS-II), shock, mechanical ventilation, and central venous
catheter (CVC). Shock was defined as the necessity of vaso-
pressors for maintaining a mean arterial pressure ≥ 65
mmHg [13].

The main clinical outcome was the acquisition of ESBL
producer gram negative bacteria during hospitalization in
ICU. Secondary outcomes were (i) acquisition of MRSA dur-
ing hospitalization in ICU, (ii) mortality in ICU, and (iii)
duration of hospitalization in ICU. For the definitions of
MRSA and ESBL producers’ acquisition, two kinds of sam-
ples were considered: (i) screening swabs (nasopharyngeal
and rectal) were routinely obtained at admission and dis-

charge and (ii) other samples obtained during the hospitali-
zation according with patient’s clinical evolution.

Two groups of patients were compared: (i) allergy group
(patients reporting β-lactam allergy in their medical history)
and (ii) no allergy group (patients reporting β-lactam allergy
in their medical history).

Fisher’s exact test (qualitative variables) and Student’s t
-test (quantitative variables) were applied for the univariate
analysis. Quantitative variables were presented in the text
as mean values. Differences in clinical outcomes and clinical
characteristics of patients included in the two groups were
compared (allergy group vs. no allergy group). A multiple
logistic regression analysis was performed to explore
whether or not β-lactam allergy was correlated with some
patients’ characteristics at the admission. Parameters
included in multivariate analysis were chosen according to
univariate analysis results (p ≤ 0:150). Analyses were per-
formed using R, the language for statistical computing
(Vienna, Austria, https://www.r-project.org/). Statistical
significance was set at p < 0:050.

3. Results

Overall, 3616 patients’ files were identified; 284/3616 (7.8%)
files were excluded according to exclusion criteria. Among
the 3332/3616 (92.2%) patients included in the study, 132/
3332 (3.9%) were labelled β-lactam allergic while 3200/
3332 (96.1%) did not presented β-lactam allergy.

Table 1 shows the characteristics of the population. The
allergy group and no allergy group did not differ in biologi-
cal and clinical characteristics except for the percentage of
women (63% vs. 39%, p < 0:01).

No significant difference in rates of ESBL acquisition was
detected (4/132, 3% vs. 78/3200, 2.4%; p = 0:17). Patients
with β-lactam allergy had higher rates of ESBL bacterial
carriage at admission (19/132, 14.4% vs. 248/3200, 7.8%,
p = 0:01) and at discharge (22/132, 16.7% vs. 351/3200,
11%, p = 0:04) than nonallergic patients. No differences in
mortality, duration of hospitalization, and carriage of MRSA
were reported.

At the multivariate analysis, β-lactam allergy was posi-
tively associated with female gender (RR=0.4, p < 0:01) as
shown in Table 2.

4. Discussion

This study confirmed the results of the previous one [10].
Patients with declared β-lactam allergy had not an increased
risk of ESBL acquisition during hospitalization in ICU, but
they presented a higher rate of ESBL colonization at admis-
sion than nonallergic patients. However, higher rates of
ESBL colonization did not impact mortality rates and length
of staying.

The most important result of the study was the confir-
mation that patients labelled β-lactam allergic were at risk
of ESBL colonization at admission in ICU. It is necessary
to localise the study in the French reality to comprehend this
result. Indeed, an over prescription of antibiotics has been
observed in France since early 2000s [14–16]. This fact
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Table 1: Characteristics of the population.

Characteristics
Overall β-lactam allergy No β-lactam allergy

p value
(n = 3332) (n = 132) (n = 3200)

Biological

Age (years) (mean (SD)) 66 (16.4) 64 (15.0) 66 (16.0) 0.15

Gender (n (%))

Male 2007 (60.2) 49 (37.1) 1958 (61.2) <0.01
Female 1325 (39.8) 83 (62.9) 1242 (38.8)

Clinical

SAPS-II (mean (SD)) 46.0 (20.0) 44.0 (19.1) 46.0 (20.4) 0.21

Shock (n (%))

No 1699 (51.0) 69 (52.3) 1630 (50.9)
0.76

Yes 1633 (49.0) 63 (47.7) 1570 (49.1)

Mechanical ventilation (n (%))

No 1902 (57.1) 79 (59.8) 1823 (57.0)
0.51

Yes 1430 (42.9) 53 (40.2) 1377 (43.0)

Central venous catheter (n (%))

No 1405 (42.2) 58 (43.9) 1347 (42.1)
0.67

Yes 1927 (57.8) 74 (56.1) 1853 (57.9)

Microbiological

MDR strains at admission (n (%))

Not available 183 (5.5) 3 (2.3) 180 (5.6)

0.04
No 2762 (82.9) 105 (79.5) 2657 (83.0)

One MDR species 361 (10.8) 23 (17.4) 338 (10.6)

Two or more MDR species 26 (0.8) 1 (0.8) 25 (0.8)

MRSA at admission (n (%))

Not available 183 (5.5) 3 (2.3) 180 (5.6)

0.21No 3034 (91.0) 123 (93.2) 2911 (91.0)

Yes 115 (3.5) 6 (4.5) 109 (3.4)

ESBL strains at admission (n (%))

Not available 183 (5.5) 3 (2.3) 180 (5.6)

0.01No 2862 (85.9) 110 (83.3) 2752 (86.0)

Yes 287 (8.6) 19 (14.4) 268 (8.4)

ESBL species at admission (n (%))

Escherichia coli 196 (68.3) 11 (57.9) 185 (69.0)

0.01
Klebsiella pneumoniae 45 (15.7) 3 (15.8) 42 (15.7)

Other single species 26 (9.0) 5 (26.3) 21 (7.8)

Two or more ESBL species 20 (7.0) 0 (0) 20 (7.5)

MDR strains at discharge (n (%))

Not available 187 (5.6) 3 (2.3) 184 (5.8)

0.08
No 2672 (80.2) 102 (77.3) 2570 (80.3)

One MDR species 412 (12.4) 24 (18.2) 388 (12.1)

Two or more MDR species 61 (1.8) 3 (2.3) 58 (1.8)

MRSA at discharge (n (%))

Not available 187 (5.6) 3 (2.3) 184 (5.8)

0.18No 2996 (89.9) 121 (91.6) 2875 (89.8)

Yes 149 (4.5) 8 (6.1) 141 (4.4)

ESBL strains at discharge (n (%))

Not available 187 (5.6) 3 (2.3) 184 (5.8)

0.04No 2772 (83.2) 107 (81.1) 2664 (83.3)

Yes 373 (11.2) 22 (16.7) 352 (11.0)
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stimulated French governmental authorities to conduct
three national campaigns for the preservation of antibiotic
efficacy from 2002 to 2016. These campaigns achieved a
25% reduction of antibiotic prescriptions in the entire
French territory [17, 18]. Notwithstanding, an increase in
rates of Escherichia coli resistant to cephalosporines was
observed in the same period (from 1.3% to 4.2% in commu-
nity isolates and from 2% to 11.2% in hospital isolates) [19].
In our study, we observed an overall rate of 8.6% ESBL car-
riage at admission. This result confirms that the risk of car-
riage of ESBL bacteria is not negligible in French
community. This study suggests that antibiotic stewardship
programs should be implemented in community, as already
proposed by other authors [20].

This study failed in demonstrating an increased risk of
ESBL acquisition during hospitalization in ICU. To explain
this result, it is possible to evoke different causes. At first,
third generation cephalosporins are currently prescribed in
patients declaring a penicillin allergy during their staying
in our ICU. This strategy is in line with current data about
risk of cross-reactivity between penicillin and cephalosporin
allergy (1%), and it makes possible to spare other “pollutant”
molecules, such as fluoroquinolones [21, 22]. Secondly,
restriction antibiotic policies are ongoing in the ICU of our
hospital with the purpose of reducing antibiotic consump-
tion and increase the use of alternative molecules to β-lac-
tams and the final objective of limit ESBL spread. For
example, a decrease in consumption of fluoroquinolones
(-85%), carbapenems (-58%), and glycopeptides (-66%)
was observed from 2007 to 2014 [23]. Also, de-escalation
from broad spectrum molecules to targeted molecules is rou-
tinely practiced [24–26]. Third, ICU patients are always iso-
lated in single bed rooms, and preventive measures are
usually strictly respected by health personnel, such as con-
tact prevention, hand hygiene, and environmental decon-
tamination. These procedures could have limited the
patient-to-patient spread of ESBL bacteria [27, 28].

Except for ESBL carriage at admission, no difference in
other clinical outcomes was observed. Notably, β-lactam

Table 1: Continued.

Characteristics
Overall β-lactam allergy No β-lactam allergy

p value
(n = 3332) (n = 132) (n = 3200)

ESBL species at discharge (n (%))

Escherichia coli 221 (59.2) 12 (54.6) 210 (59.7)

0.62
Klebsiella pneumoniae 70 (18.8) 3 (13.6) 67 (19.0)

Other single species 52 (13.9) 5 (22.7) 48 (13.6)

Two or more ESBL species 29 (7.8) 2 (9.1) 27 (7.7)

MDR strains acquisition in ICU
(n (%))

Not available 200 (6.1) 3 (2.3) 197 (6.2)

No 3030 (90.9) 124 (93.9) 2906 (90.8) 0.16

Yes 101 (3.0) 5 (3.8) 96 (3.0)

Outcomes

MRSA acquisition in ICU (n (%))

Not available 200 (6.1) 3 (2.3) 197 (6.2)

0.12No 3106 (93.1) 127 (96.2) 2979 (93.1)

Yes 26 (0.8) 2 (1.5) 24 (0.8)

ESBL strains acquisition in ICU
(n (%))

Not available 200 (6.1) 3 (2.3) 197 (6.2)

0.17No 3049 (91.4) 125 (94.7) 2924 (91.4)

Yes 83 (2.5) 4 (3.0) 79 (2.5)

Death in ICU (n (%))

No 2635 (79.1) 99 (75.0) 2536 (79.3)
0.24

Yes 697 (20.9) 33 (25.0) 664 (20.8)

Days of hospitalization in ICU
(mean (SD))

8.1 (9.8) 8.2 (10.0) 8.1 (9.8) 0.87

ESBL: extended spectrum β-lactamase; ICU: intensive care unit; MDR: multidrug resistant; MRSA: methicillin resistant Staphylococcus aureus; SAPS:
simplified acute physiology score II; SD: standard deviation.

Table 2: Multivariate analysis for factors associated with allergy to
β-lactams.

Parameter RR (95% CI) p value

Female gender 0.4 (0.3-0.6) <0.001
ESBL strains at admission 1.7 (0.4-10.3) 0.475

ESBL strains at discharge 0.9 (0.2-2.75) 0.573

CI: confidence interval; ESBL: extended spectrum β-lactamase; RR: relative
risk.
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allergy was not associated with mortality and length of stay-
ing in ICU. These results are in line with mortality rates and
length of staying reported by other authors [29]. They can
only partially be explained by the fact that patients labelled
β-lactam allergic in our study presented a colonization by
ESBL producer bacteria rather than infection [28]. Conse-
quently, the impact of ESBL bacteria on mortality and length
of staying was scarce. However, our study was limited to
ICU staying, and consequently, we could not infer about
impact of ESBL colonization on total duration of hospitali-
zation and mortality in other units.

As the previous one, this study confirmed the low per-
centage of patients declaring β-lactam allergy (3.9%) [10].
This is in line with the study by Leone et al. who presented
a 5% rate of patients labelled β-lactam allergic in their
cohort of ICU patients [29]. These percentages are lower
than data usually reported in literature. This discrepancy
likely reflects an underreporting of β-lactam allergy in ICU
due to the severity of patients admitted in ICU and the
impossibility to collect a full medical history.

Many research questions are proposed by this study.
First, the increased risk of ESBL carriage among patients
labelled β-lactam allergic needs to be confirmed in larger
epidemiologic studies in general populations. Then, the fac-
tors influencing ESBL acquisition in community should be
investigated. Secondly, trend in antibiotic prescription in
general practitioner cabinets and long-term care facilities
should be investigated. Thirdly, the absence of ESBL acquisi-
tion during ICU staying needs to be confirmed by other
studies. Finally, differences in antibiotic prescriptions among
patients with or without declared β-lactam allergy during
ICU staying need to be investigated.

5. Conclusions

Patients declaring β-lactam allergy have not a higher risk of
MDR acquisition or death during hospitalization in ICU, but
they are at risk of ESBL colonization at admission. The
increased ESBL colonization is likely a consequence of eco-
logical pressure in community, and for this reason, de-
labelling through either allergy testing or pharmacy-led
audit should be encouraged in community and in hospital
setting.

Abbreviations

COVID-19: Coronavirus infectious disease-2019
CVC: Central venous catheter
ESBL: Extended spectrum beta lacamase
ICU: Intensive care unit
MDR: Multidrug resistant
MRSA: Methicillin resistant Staphylococcus aureus
SAPS-II: Simplified acute physiology score II.

Data Availability

The data that support the findings of this study are available
from the corresponding author upon reasonable request.

Ethical Approval

Ethical approval is not required.

Disclosure

The results of this study were previously presented as ePos-
ter at the 31st ECCMID (European Congress of Clinical
Microbiology and Infectious Diseases) which was performed
online from 9 to 12 July 2021. This study was carried out as
part of routine work.

Conflicts of Interest

The authors declare that they have no conflicts of interest.

References

[1] S. Albin and S. Agarwal, “Prevalence and characteristics of
reported penicillin allergy in an urban outpatient adult popu-
lation,” Allergy and Asthma Proceedings, vol. 35, no. 6,
pp. 489–494, 2014.

[2] N. S. Shah, J. P. Ridgway, N. Pettit, J. Fahrenbach, and
A. Robicsek, “Documenting penicillin allergy: the impact of
inconsistency,” PLoS One, vol. 11, no. 3, article e0150514, 2016.

[3] M. Wanat, S. Anthierens, C. C. Butler et al., “Patient and pre-
scriber views of penicillin allergy testing and subsequent anti-
biotic use: a rapid review,” Antibiotics, vol. 7, no. 3, p. 71, 2018.

[4] C. M. Dewart, Y. Gao, P. Rahman et al., “Penicillin allergy and
association with ciprofloxacin coverage in community-onset
urinary tract infection,” Infection Control and Hospital Epide-
miology, vol. 39, no. 9, pp. 1127-1128, 2018.

[5] World Health Organization, Antimicrobial Resistance: Global
Report on Surveillance, WHO, 2014.

[6] R. L. Moran, M. Devchand, L. Churilov, S. Warrillow, and J. A.
Trubiano, “The burden of antibiotic allergies in adults in an
Australian intensive care unit: the BASIS study,” Critical Care
and Resuscitation, vol. 21, no. 4, pp. 265–273, 2019.

[7] W. Lam,M. L. Staicu, K. M. Conn, and A. C. Ramsey, “Is there a
higher prevalence of methicillin-resistant Staphylococcus aureus
(MRSA) or vancomycin-resistant Enterococcus (VRE) coloniza-
tion in patients with antibiotic allergy labels?,” American Jour-
nal of Infection Control, vol. 48, no. 6, pp. 663–667, 2020.

[8] K. G. Blumenthal, N. Lu, Y. Zhang, Y. Li, R. P. Walensky, and
H. K. Choi, “Risk of meticillin resistant Staphylococcus aureus
and Clostridium difficile in patients with a documented peni-
cillin allergy: population based matched cohort study,” BMJ,
vol. 361, article k2400, 2018.

[9] D. M. Zerr, A. Miles-Jay, M. P. Kronman et al., “Previous anti-
biotic exposure increases risk of infection with extended-spec-
trum-β-lactamase- and AmpC-producing Escherichia coli and
Klebsiella pneumoniae in pediatric patients,” Antimicrobial
Agents and Chemotherapy, vol. 60, no. 7, pp. 4237–4243, 2016.

[10] A. Strazzulla, L. Iordache, A. de Pontfarcy et al., “β-Lactam
allergy and risk of multidrug-resistant bacteria in the intensive
care unit: a cohort study,” International Journal of Antimicro-
bial Agents, vol. 56, no. 1, article 105979, 2020.

[11] “Journal officiel de la République Française: LOI n° 2012-300
du 5 mars 2012 relative aux recherches impliquant la personne
humaine (1),” April 2020. https://www.legifrance.gouv.fr/
affi c hT e x t e . d o ? c i d T e x t e = JORFTEXT 0 0 0 0 2 5 4 4
1587&categorieLien=id.

5Journal of Immunology Research

https://www.legifrance.gouv.fr/affichTexte.do?cidTexte=JORFTEXT000025441587&categorieLien=id
https://www.legifrance.gouv.fr/affichTexte.do?cidTexte=JORFTEXT000025441587&categorieLien=id
https://www.legifrance.gouv.fr/affichTexte.do?cidTexte=JORFTEXT000025441587&categorieLien=id


[12] D. Deplanque, S. Sénéchal-Cohen, and F. Lemaire, “French
Jarde’s law and European regulation on drug trials: harmoni-
zation and implementation of new rules,” Thérapie, vol. 72,
no. 1, pp. 73–80, 2017.

[13] M. Singer, C. S. Deutschman, C. W. Seymour et al., “The third
international consensus definitions for sepsis and septic shock
(sepsis-3),” Journal of the American Medical Association,
vol. 315, no. 8, pp. 801–810, 2016.

[14] I. Papanicolas, L. R.Woskie, and A. K. Jha, “Health care spend-
ing in the United States and other high-income countries,”
Journal of the American Medical Association, vol. 319, no. 10,
pp. 1024–1039, 2018.

[15] S. Coenen, N. Adriaenssens, A. Versporten et al., “European
Surveillance of Antimicrobial Consumption (ESAC): outpa-
tient use of tetracyclines, sulphonamides and trimethoprim,
and other antibacterials in Europe (1997-2009),” The Journal
of Antimicrobial Chemotherapy, vol. 66 Suppl 6, suppl 6, pp. -
vi57–vi70, 2011.

[16] A. Carbonne, I. Arnaud, S. Maugat et al., “National
multidrug-resistant bacteria (MDRB) surveillance in France
through the RAISIN network: a 9 year experience,” The
Journal of Antimicrobial Chemotherapy, vol. 68, no. 4,
pp. 954–959, 2013.

[17] B. Huttner, S. Harbarth, D. Nathwani, and ESCMID Study
Group for Antibiotic Policies (ESGAP), “Success stories of
implementation of antimicrobial stewardship: a narrative
review,” Clinical Microbiology and Infection, vol. 20, no. 10,
pp. 954–962, 2014.

[18] Santé publique France, Direction de la communication / Unité
de valorisation scientifique, “Consommation d’antibiotiques et
resistance aux antibiotique en France : soyons concernés ,
soyons responsables! Novembre 2017,” September 2021.
https://www.anses.fr/fr/system/fi les/2017_Brochure_
Antibioresistance.pdf.

[19] P. Cavalié, S. Le Vu, D. Jezewski-Serra, S. Maugat, and
A. Berger-Carbonne, “Consommation d’antibiotiques en sec-
teur de ville en France de 2009 a 2019,” September 2021. syn-
these_consommation_dantibiotiques_en_secteur_de_ville_
web.pdf (http://ameli.fr).

[20] J. Vink, J. Edgeworth, and S. L. Bailey, “Acquisition of MDR-
GNB in hospital settings: a systematic review and meta- anal-
ysis focusing on ESBL-E,” The Journal of Hospital Infection,
vol. 106, no. 3, pp. 419–428, 2020.

[21] O. Salomó-Coll, N. Lozano-Carrascal, A. Lázaro-Abdulkarim,
F. Hernández-Alfaro, J. Gargallo-Albiol, and M. Satorres-
Nieto, “Do penicillin-allergic patients present a higher rate of
implant failure?,” The International Journal of Oral &Maxillo-
facial Implants, vol. 33, no. 6, pp. 1390–1395, 2018.

[22] C. Caruso, R. L. Valluzzi, S. Colantuono, F. Gaeta, and
A. Romano, “β-lactam allergy and cross-reactivity: a clinician’s
guide to selecting an alternative antibiotic,” Allergy, vol. 14,
pp. 31–46, 2021.

[23] S. Abbara, A. Pitsch, S. Jochmans et al., “Impact of a multi-
modal strategy combining a new standard of care and restric-
tion of carbapenems, fluoroquinolones and cephalosporins on
antibiotic consumption and resistance of _Pseudomonas aeru-
ginosa_ in a French intensive care unit,” International Journal
of Antimicrobial Agents, vol. 53, no. 4, pp. 416–422, 2019.

[24] A. Strazzulla, M. C. Postorino, T. Youbong et al., “Trimetho-
prim-sulfamethoxazole as de-escalation in ventilator-
associated pneumonia: a cohort study subanalysis,” European

Journal of Clinical Microbiology & Infectious Diseases,
vol. 40, no. 7, pp. 1511–1516, 2021.

[25] P. Danneels, M. C. Postorino, A. Strazzulla et al., “A retrospec-
tive study on amoxicillin susceptibility in severe Haemophilus
influenzae pneumonia,” Canadian Journal of Infectious Dis-
eases and Medical Microbiology, vol. 2020, no. 2020, Article
ID 2093468, 2020.

[26] A. Strazzulla, M. C. Postorino, A. Purcarea et al., “Trimeto-
prim-sulfametoxazole in ventilator-associated pneumonia: a
cohort study,” European Journal of Clinical Microbiology &
Infectious Diseases, vol. 38, no. 11, pp. 2163–2169, 2019.

[27] M. P. D. Deege and D. L. Paterson, “Reducing the develop-
ment of antibiotic resistance in critical care units,” Current
Pharmaceutical Biotechnology, vol. 12, no. 12, pp. 2062–
2069, 2011.

[28] R. Prevel, A. Boyer, F. M’Zali et al., “Extended spectrum beta-
lactamase producing Enterobacterales faecal carriage in a med-
ical intensive care unit: low rates of cross-transmission and
infection,” Antimicrobial Resistance and Infection Control,
vol. 8, no. 1, p. 112, 2019.

[29] M. Leone, C. Zunino, V. Pauly et al., “Beta-lactam allergy
labeling in intensive care units,” Medicine, vol. 100, no. 27,
article e26494, 2021.

6 Journal of Immunology Research

https://www.anses.fr/fr/system/files/2017_Brochure_Antibioresistance.pdf
https://www.anses.fr/fr/system/files/2017_Brochure_Antibioresistance.pdf

	Risk of Multidrug Resistant Bacteria Acquisition in Patients with Declared β-Lactam Allergy during Hospitalization in Intensive Care Unit: A Retrospective Cohort Study (2007-2018)
	1. Introduction
	2. Materials and Methods
	3. Results
	4. Discussion
	5. Conclusions
	Abbreviations
	Data Availability
	Ethical Approval
	Disclosure
	Conflicts of Interest

