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INTRODUCTION

Bien qu’indispensable a notre pratique quotidienne, les antibiotiques entrainent des effets
secondaires et ménent a I'émergence de résistances. L'antibiorésistance influence le
pronostic des patients et met a rude épreuve les ressources des unités de soins intensifs?.

Reconnaissant la corrélation entre la durée de I'exposition aux antibiotiques et le
développement de résistances bactériennes?, il semble impératif de remédier a la
dispensation inappropriée de ces traitements.

Au cours des derniéres années, un ensemble de sociétés savantes se sont prononcés en faveur
de durées plus courtes d'antibiothérapie >*>6. Néammoins, les études comparatives sur les
différentes durées sont rares et se concentrent principalement sur des sites d'infection
spécifiques 78,

Cette approche peut comporter un risque d'échec du traitement et de récidives, en particulier
dans les cas impliquant certains pathogénes >0, Des facteurs tels qu'un contréle de la source
suboptimale ou des capacités immunitaires compromises du patient pourraient
potentiellement contribuer a une augmentation de la probabilité de ces risques 1121342,

Une évaluation individualisée a été proposée, avec l'inclusion de biomarqueurs tels que la
procalcitonine. Cependant, son efficacité n'a pas été clairement démontrée en dehors des

pneumopathies communautaires ou associées aux soins 14151617,

Aprés une inflammation systémique, survient une réponse anti-inflammatoire simultanée
aussi appelée « immunoparalysie post agression » principalement représentée par une
diminution de I'expression de mHLA-DR (molécules du complexe majeur d'histocompatibilité
sur les monocytes)®1°,

Une expression réduite et une courbe décroissante de mHLA-DR sont liés a des infections

secondaires, y compris fungiques 2° et a des taux de mortalité plus élevés?’,

Cette association a été observée non seulement durant la pandémie du COVID-19 22, mais
également dans d’autres conditions telles que le sepsis, les pancréatites, les chirurgies

majeures, le traumatisme ou I'hémorragie 212324,

Nous émettons donc une hypothése selon laquelle une évaluation individuelle basée sur les
capacités immunitaires du patient pourrait permettre d’adapter la durée d’antibiothérapie.

L'étude actuelle a pour but d'évaluer si lI'expression de mHLA-DR a I'arrét de I'antibiothérapie,
peut prédire le risque d’échec d’antibiothérapie, défini comme Ila récidive, la
« superinfection » ou le déces chez les patients hospitalisés en soins intensifs.
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ARTICLE

Evaluation of monocytic HLA-DR expression to predict antibiotic
therapy discontinuation failure

ABSTRACT

Background: Available data are insufficient to determine the ideal duration of antibiotic
therapy. The concept of post-aggression acquired immunodepression in intensive care is a
well-established concept, and its assessment with a decreased monocytic HLA-DR (mHLA-DR)
was described in several studies. Hence, we aimed to evaluate the prognostic value of this
marker prior to discontinuing antibiotic therapy on the risks of recurrence, superinfection, or

mortality.

DESIGN, SETTING, AND PARTICIPANTS: A prospective monocentric study in an intensive care
unit (ICU) of a tertiary hospital in France from September 2022 to August 2023. The study
included critically ill adults admitted for all causes and requiring antibiotic therapy for at least
7 days. Upon ICU admission, epidemiological data, infection type, antibiotic therapy,
comorbidities, and Sequential Organ Failure Assessment (SOFA) score were collected.
Standardized quantitative evaluation of mHLA-DR was performed at baseline (at day 3) and
weekly thereafter. Patients were followed up for the development of secondary infections 40

days after antibiotic therapy discontinuation (ATD).

MAIN OUTCOME AND MEASURES: The primary endpoint was a composite outcome including
the occurrence of recurrence, superinfection, or death at day 40 after ATD. Secondary
outcomes were to compare the mHLA-DR kinetics to other biomarkers and SOFA score, and

to assess the causes of antibiotic therapy failure.

RESULTS: Among the 257 patients enrolled in the study, 118 patients experienced at least one
ATD, and 48% of them were surgical patients. Patients with consistently low mHLA-DR levels
(below 8000 Ab/c twice) before discontinuation of antibiotic treatment had a significantly

higher risk of experiencing the primary outcome (p<0.0037).
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Multivariate Cox analysis revealed that mHLA-DR below 8000 Ab/c twice before ATD, presence
of Candida positive sample, presence of multidrug-resistant bacteria (MDR), SOFA score > 5
without decrease of the SOFA score before ATD, significantly impact the occurrence of death,
superinfections, and relapse.

Based on these findings, a score was developed yielding an AUC (area under the curve) of 0.78
(95% Cl: 0.67-0.87), which can be used to identify the low-risk population for antibiotic

therapy failure.

Conclusion: Monocytic HLA-DR expression appears to be a good marker of acquired immune

deficiency following aggression, and its kinetics before ATD could help determining the
optimal duration of antibiotic therapy in the era of personalized medicine. Nonetheless, this
assessment must be integrated with the clinical history of each patient, and further studies

are needed to support its relevance in clinical practice.
Keywords: Reanimation, Immunoparalysis, acquired immunodepression syndrome,

nosocomial infections, superinfections, secondary infections, mHLA DR, duration of antibiotic

therapy.
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BACKGROUND

Antimicrobial resistance has emerged as a critical factor profoundly influencing patient
outcome and straining resources within intensive care units!. Recognizing the undeniable
correlation between the duration of antibiotic exposure and the development of bacterial
resistance?, there is a compelling need to address the inappropriate dispensation of these
treatments. In recent years, there has been a shift towards advocating for shorter courses of
antibiotic therapy 3>, However, comparative studies of different durations are sparse and
predominantly applicable to well-defined infection sites 78. This approach may carry a risk of
treatment failure and recurrence of infection, particularly in cases involving certain resilient
pathogens 0. Factors such as suboptimal source control or compromised immune
capabilities of the patient could potentially contribute to an increase likelihood of these risks
11121342 'An individualized assessment has been proposed, with the potential incorporation of
biomarkers like procalcitonin. However, its efficacy has not been conclusively demonstrated

outside of cases of community-acquired pneumonia and healthcare-associated pneumonia

14,15,16,17

Monocytic Human Leukocyte Antigen-DR (mHLA-DR) is an indicator for evaluating immune
competence, especially in critically ill patients who are at a heightened risk of post-aggression
host immunoparalysis *¥1°. Reduced mHLA-DR levels and lowering slope are linked to
secondary infections, including fungal ones 2° and higher mortality rates 2%. This association
has been observed not only during the COVID-19 pandemic %2 but also in various critical
conditions such as major surgeries, pancreatitis, trauma, hemorrhagic events, and septic

shock 21,23,24

Our hypothesis posits that an individualized assessment relying on the patient's immune
capabilities could predict the risk of antibiotic cessation failure. The present study aims to
assess whether mHLA-DR expression, could predict the risk of antibiotic therapy
discontinuation (ATD) failure, defined as recurrence, superinfection, or death in critically ill

patients.
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METHODS

Study design

We conducted a retrospective analysis of prospectively collected data of all adult patients
consecutively admitted to a 20-bed mixed medical-surgical adult ICU in a university teaching
hospital between September 2022 and August 2023. We obtained approval from the
Montpellier University Hospital ethics committee (Local Research Ethics Committee,
agreement number: 20191114). The mHLA-DR blood tests did not require the patient’s
informed consent since it was a retrospective study with routine measurements in our
institution performed on the remaining routine blood samples, with a guarantee to use the

data after their anonymization, according to the Ethical French law.

Population

Data were collected during this same period while regularly measuring mHLA-DR for all
patients undergoing antibiotic therapy. Eligible participants were required to be over 18 years
of age and have a planned duration of antibiotic therapy of more than 7 days. Patients
hospitalized for less than 3 days, those in a moribund state, or with 'do not resuscitate' orders

were excluded. Patients were followed up until hospital discharge.

Data collection

Data collection encompassed a range of patient information, recorded by the ICU’s physicians,
including demographics, anthropometrics, clinical and biological data on ICU admission, the

Simplified Acute Physiology Score Il (SAPS II), and co-morbidities.

Additionally, at inclusion and during follow-up, we documented the Sequential Organ Failure
Assessment (SOFA score) 2°, source of infection when known, results of microbiological
cultures, type of antibiotic therapy, type of source control, C-reactive protein and

procalcitonin levels.

After discontinuation of antibiotic therapy, patients were monitored for signs of infection.
Those who were transferred to other medical or surgical departments were also followed up

using their hospital medical records.
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Circulating monocyte HLA-DR measurements (mHLA-DR)

The initial mHLA-DR measurement was conducted within the first 3 days post-admission,

followed by weekly assessments until the patient's discharge from ICU or demise.

The mHLA-DR levels were assessed via flow cytometry (NAVIOS®; Beckman-Coulter). Double
staining with anti-HLA-DR and anti-CD14 antibodies (Becton Dickinson’s reagent) was
performed in accordance with the manufacturer's guidelines to distinguish monocyte
subgroups expressing or lacking HLA-DR. Daily calibrations were carried out using QuantiBRITE
phycoerythrin (PE) beads. Subsequently, the mean fluorescence intensity of the monocyte
population was converted to the number of antibodies bound per cell (Ab/c). We used the
threshold of < 8000 Ab/c to define “low mHLA DR” corresponding to the acquired immune

suppression as previously reported 2.

Definitions

The primary outcome was antibiotic therapy discontinuation (ATD) failure defined by a
composite outcome comprising relapse, superinfection, or death. Patients were classified in

ATD failure group or no ATD failure group.

As previously established in studies 8, relapse was defined as the growth of one or more of
the initial causative bacterial strains (ie, same genus, species) from a second sample taken
from the same infection site at 48 h or more after stopping of antibiotics, combined with
clinical signs or symptoms of infection. Superinfection was defined as the isolation from the
same or another site of one or more different pathogens from that identified during the first
infectious episode, together with clinical signs or symptoms of infection. At the conclusion of
the follow-up period, every suspected infectious episode underwent classification based on
clinical, laboratory, and imaging or microbiological findings, or a combination thereof.

Infection diagnoses were retrospectively reviewed by two physicians.

The quality of source control was assessed as previously outlined?® in categories: without
issue, no residual infection, residual macroscopic infection (with no ongoing contamination),

and residual macroscopic infection with ongoing contamination.
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Multidrug-resistant bacteria (MDR) were defined as one of the following: ticarcillin-resistant
Pseudomonas aeruginosa, Acinetobacter baumannii, or Stenotrophomonas maltophilia;
extended-spectrum B-lactam-producing Enterobacteriaceae; high-concentration
cephalosporinase- producing AmpC Enterobacteriaceae, meticillin-resistant Staphylococcus

aureus and ampicilin-resistant Enterococcus *°.

Two senior intensivists independently reviewed all patient’s medical charts and adjudicated
all definitions and classifications. In cases of discordance, a third expert was consulted to reach

a final diagnosis.
Statistical analysis

First, a descriptive analysis was conducted for patients with and without instances of relapse,
superinfection, or mortality following the discontinuation of antibiotic therapy. Quantitative
variables were presented as mean [standard deviation (SD)] or median (interquartile range,
25-75%) and compared using the Student's t-test or Wilcoxon test as appropriate (for
Gaussian or non-Gaussian variables, respectively). Qualitative variables were expressed as

numbers (%) and compared using the chi-square test or Fisher's test as appropriate?”.

Survival curves were generated up to day 40 using the Kaplan—-Meier method and compared
using the log-rank test 28, An exploratory analysis was conducted using logistic regression.
Initially, a univariate analysis was performed to assess variables associated with antibiotic
therapy discontinuation failure. Variables with a p-value < 0.20 were selected, and a stepwise
procedure was employed to determine the final multivariate model, based on their Akaike
Information Criteria (AIC)?°. The covariates tested in the model included demographic and
comorbidity variables upon inclusion. Covariates from biomarker, clinical score, and

microbiological data were considered from the days preceding antimicrobial discontinuation.

Next, we employed a multivariate Cox-proportional hazard model to identify risk factors

associated with antibiotic therapy discontinuation failure?®.

We assessed potential collinearity between variables?®. No imputation was performed for
missing data. Both absolute and kinetic mHLA-DR measurements were included in all models.
The outcomes were reported as hazard ratios (HR) along with their corresponding 95%

confidence intervals (95% Cls).
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For the creation of a simplified score, one point was assigned to each variable present in the
final prediction model. The score's discriminative capacity was evaluated using receiver
operating characteristic (ROC) curves to calculate the area under the curve (AUC)3.
Calibration of the score was graphically assessed by plotting the observed probability (Kaplan—
Meier estimates) against the mean predicted probability within each score value predicted

probabilities®.

Tests were two-sided and p < 0.05 were considered significant. We used R (version 4.2.3) to
perform all statistical analyses. The study was reported according to the Strengthening the

Reporting of Observational studies in Epidemiology (STROBE) reporting guideline statement.
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RESULTS

General characteristics

Between September 2022 and August 2023, a total of 257 patients were screened in this
monocentric study, and 118 patients experienced at least one discontinuation of antibiotic
therapy. Inclusions were halted in December 2022 due to technical issues in the immunology
laboratory. Antibiotic therapy was terminated at an average time of 18 + 13 days and 14 + 12
days in patients with and without composite outcome. The baseline characteristics are
presented in Table 1A. Patients in the failure group had a higher incidence of COPD in their
medical history and were less immunocompromised. In our population, we primarily observed
infections of the biliary tract (28%), pneumonia (24%), followed by upper digestive tract
infections (19%). Characteristics of infection and anti-infective therapies are presented in
Table 1B. Non carbapenem antibiotic therapy and samples positive for multidrug-resistant
bacteria (infection or colonization) were more prevalent in the failure group. Clinical and
biological characteristics at baseline and at the time of ATD are presented in Table 1C. The
SOFA score before ATD was higher in failure group (8.1 + 4.4 vs 5.0 + 4.3). Procalcitonin <
0.5ng/ml or decreasing slope > 80% from the maximal value is associated with failure of ATD

in our cohort.

The last monocytic HLA-DR before ATD was measured at a median time of 3 days before ATD
with a significantly lower value in the failure group. This association was not observed when
measuring mHLA-DR at admission, or when considering a single mHLA-DR value lower than
8000 Ab/c or a decreasing slope of mHLA-DR. However, a low value of mHLA-DR on the last
two measurements before ATD was more often present in the failure group. Monocytic HLA-
DR expression evolution during time depicted a non-statistically significant overall decrease

before ATD in the failure group, as shown in Figure 1.
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Primary outcome: mHLA-DR predictive value of ATD failure

Antibiotic therapy discontinuation failure occurred in 17/118 (14%) patients. These 17
patients experienced 25 events of ATD failure, defined by relapse (n=7, 28%), superinfection
(n=7, 28%) or death (n=11, 44%). Kaplan—Meier survival curves were established until 40 days

after ATD in the ICU (Figure 2.).

In survival analysis, the ATD failure was significantly higher in patients with the last two mHLA-
DR value before ATD < 8000 Ab/c (p = 0.0037 by the log-rank test). The univariate logistic

regression is showed in supplementary table S1.

In the multivariate Cox-proportional hazard model, a low mHLA-DR twice was independently
associated with ATD failure after adjustment (Adjusted HR = 3.7, 95%Cl [1.20-11.8] p<0.028).
The model with the best performance identified four variables associated with ATD failure:
SOFA score > 5 and no improvement before ATD, mHLA-DR < 8000 Ab/c twice, Candida
positive sample before ATD, and multidrug-resistant bacteria positive sample before ATD

(Table 2 and Figure 3.)

Risk score evaluation

The simplified score of ATD failure constructed using the final model is described in Figure 4.
After internal validation by bootstrap, the final model AUC was at 0.78 (95% Confidence
Interval (95% Cl), 0.67—0.87) (Figure 5). The calibration plot for the derivation cohort showed
close observed and predicted probabilities with an increased risk for patients after

discontinuation of antibiotic therapy. (Figure 5).

The calibration plot in the cohort of patient at day 14 without ATD is presented in

Supplementary Figure 6.
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DISCUSSION

In this observational monocentric cohort of ICU patients undergoing antibiotic therapy
discontinuation, monitoring mHLA-DR levels revealed a correlation with persistently low
values and an elevated risk of relapse, superinfection, or mortality. Four variables were
identified as predictors of ATD failure: SOFA score > 5 with no improvement before ATD,
mHLA-DR < 8000 Ab/c on two occasions before ATD, positive Candida sample pre-ATD, and

presence of multidrug-resistant bacteria pre-ATD.

Immunological monitoring: mHLA DR below 8000 AB/C twice before ATD

To the best of our knowledge, this study stands as the first in intensive care units to focus on
the clinical bedside application of mHLA-DR values. While antibiotic therapy plays a vital role
in critical care, it becomes unnecessary once the patient's immunological capacity for infection
control is restored. The immune system's functionality is intricate, but persistently low
monocytic HLA-DR levels are indicative of a poorer prognosis, signaling immunoparalysis and

chronic critical illness.

In our study, the most significant immunological indicator associated with antibiotic therapy
discontinuation failure was the persistence of low mHLA-DR values, defined as the two most
recent consecutive values prior to ATD being below 8000 Ab/c. Roquetaillade's extensive
cohort of 1053 patients?! similarly highlighted the predictive value of the 8000 Ab/c threshold.
Notably, a negative slope in mHLA-DR evolution or persistently low values by day 7 were

identified as prognostic factors for nosocomial infections.

However, Roquetaillade's study relied on fixed time-points of day 1-3 and 5-7 without clinical
correlation. In contrast, our study employed a longitudinal approach, closely tracking critical
care patients and examining the dynamic changes in mHLA-DR leading up to the event of
interest—antibiotic therapy discontinuation. This underscores the predictive significance of
persistently low mHLA-DR values. Nevertheless, having two low mHLA-DR values before day
14 in our overall population, not solely before ATD, did not show statistical association with

relapse, superinfection, or death (HR 1.25 + 0.42; p = 0.59).
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SOFA score, MDR bacteria presence and Candida positive sample

In the multivariate analysis, three variables emerged as predictive of ATD failure. A
persistently high SOFA score (> 5) or a non-decreasing score value before ATD was indicative
of a higher risk of failure. The dynamic predictive value of the SOFA score has been well-
documented in previous studies involving ICU patients?’. The absence of clinical improvement
naturally leads to an increased risk of adverse outcomes. Carriage of multidrug-resistant
(MDR) organisms, or infections related to them, also surfaced as a predictive factor for
antibiotic therapy failure in the multivariate analysis. This aligns with findings in the literature,
as exemplified by The RECOMMEND study3' on complicated healthcare-associated intra-

abdominal infections.

Compelling evidence indicates that carrying MDRs is linked with increased morbidity3?,
underscoring the necessity for vigilant monitoring of colonization by these infectious agents.
Infections caused by MDR bacteria seem to have a more direct impact on mortality3?, and
observational series have indicated an association between carrying MDRs and a higher

incidence of MDR infections3334.

In our cohort, we observed that the presence of a positive Candida sample could be indicative
of both death and antibiotic therapy failure. It is well-established that fungal involvement
leads to higher rates of relapse and more severe disease scores3. Jung et al. in 2021%°
demonstrated that mHLA-DR levels below 5000 Ab/c are associated with a higher risk of ICU-
acquired invasive candida infection in patients with septic shock, leading to a worse prognosis.
Our population primarily comprises patients with sepsis related to peritonitis. Intra-abdominal
candidiasis is not as extensively documented as candidemia and may potentially demonstrate
reduced efficacy of echinocandins due to poor intra-abdominal diffusion3®*—which could

predispose to a relapse of the intra-abdominal infection.
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Limitations

This pilot study is constrained by its single-center evaluation and a relatively small sample size,
which may have limited the observation of primary outcome events. Some included patients

had their antibiotic therapy discontinued after ICU discharge.

Our definitions of relapse and superinfection were based on microbiological criteria,
necessitating documentation that may have been obtained after the patient’s discharge from

the ICU, potentially resulting in an underestimation of late relapses or superinfections.

The composite outcome of relapse, superinfection, or death was utilized to account for the
competing event of death. However, given the previously established association between
low mHLA-DR values and death, it’s possible that death may not have been directly correlated

with the discontinuation of antibiotic therapy.

The widespread adoption of mHLA-DR may face challenges, as its measurement requires
access to a flow cytometer3” and proximity to the immunology laboratory to mitigate potential

variability, primarily arising from transport conditions32.

Conclusion

In this current pilot study, the sustained presence of a low mHLA-DR level (below 8000 Ab/c
twice) before discontinuing antibiotic therapy has shown a significant association with the
occurrence of recurrences, superinfections, or mortality. This stands in contrast to previous

studies, which primarily focused on mHLA-DR kinetics during the initial week?%22:3°,

The assessment of mHLA-DR value and its dynamics holds the potential to facilitate the safe
early discontinuation of antibiotic therapy. Conversely, when a low mHLA-DR value is linked
to an increased risk of ATD failure, it may be prudent to delay the discontinuation until
immune recovery is achieved. This recovery can potentially be bolstered through immune
stimulation®®*!, However, to fully integrate this immune monitoring approach into the
adjustment of antibiotic therapy duration in the era of personalized medicine, larger-scale

studies and randomized controlled trials are essential.
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Table 1a. Baseline characteristics of the population with antibiotic therapy discontinuation (ATD)
(Failure group: any episode of relapse, superinfection or death after ATD)

Overall No ATD failure group ATD failure group -
N=118 n=101 n=17 p-value

Age (years) 58 (17) 57 (18) 62 (11) 0.60
1GSII 49 (19) 48 (19) 53(18) 0.26
Location of ATD 0.12

Intensive care unit 93 /118 (79%) 77 /101 (76%) 16 /17 (94%)

Medical or surgical ward 25/118 (21%) 24 /101 (24%) 1/17 (5.9%)
Female sex 39/118 (33%) 31/101(31%) 8/17 (47%) 0.18
Body mass index 27.1(5.7) 26.8(5.2) 28.6(8.3) 0.66
Insulin-dependent diabetes mellitus 17 /118 (14%) 16 /101 (16%) 1/17(5.9%) 0.46
NYHA I1I/IV heart failure 11/118(9.3%) 9/101 (8.9%) 2/17 (12%) 0.66
COPD 6/118(5.1%) 3/101 (3.0%) 3/17 (18%) 0.038
Metastatic cancer 15/118 (13%) 13 /101 (13%) 2/17 (12%) >0.99
Cirrhosis 44 /118 (37%) 38 /101 (38%) 6/17 (35%) 0.85
Chronic renal failure requiring dialysis 5/118 (4.2%) 4/101 (4.0%) 1/17(5.9%) 0.55
Immunocompromised 24 /118 (20%) 24 /101 (24%) 0/17 (0%) 0.022
Smoking 33 /118 (28%) 26 /101 (26%) 7/17 (41%) 0.24
Alcoholism 44 /118 (37%) 36/ 101 (36%) 8/17 (47%) 0.37
Origin 0.76

Intensive care Unit 13/118 (11%) 12/101 (12%) 1/17(5.9%)

Medical/Surgical ward 81/118 (69%) 67 /101 (66%) 14 /17 (82%)

Emergency room 19/118 (16%) 17 /101 (17%) 2/17 (12%)

Other 5/118 (4.2%) 5/101 (5.0%) 0/17 (0%)
Reason for ICU admission 0.33

Post-operative 21/118(18%) 19/101 (19%) 2/17 (12%)

Acute renal failure 4/118 (3.4%) 3/101 (3.0%) 1/17 (5.9%)

Liver transplantation 21/118 (18%) 19/101 (19%) 2/17 (12%)

Septic shock 19/118 (16%) 14 /101 (14%) 5/17 (29%)

Acute bleeding 20/118 (17%) 19/101 (19%) 1/17(5.9%)

Acute cardiac dysfunction 1/118 (0.8%) 1/101 (1.0%) 0/17 (0%)

Ascetic decompensation 17 /118 (14%) 15/ 101 (15%) 2/17 (12%)

Neurologic failure 5/118 (4.2%) 3/101(3.0%) 2/17 (12%)

Acute respiratory failure 10/ 118 (8.5%) 8/101 (7.9%) 2/17 (12%)
Cause of admission 0.66

Medical 61/118 (52%) 51 /101 (50%) 10/ 17 (59%)

Urgent surgery 48 /118 (41%) 41/101 (41%) 7/17 (41%)

Planned surgery 9/118 (7.6%) 9/101 (8.9%) 0/17 (0%)
Infection site at admission 0.53

Upper digestive tract 23 /118 (19%) 19/ 101 (19%) 4/17 (24%)

Biliary infection 33/118 (28%) 31/101 (31%) 2/17 (12%)

Lower digestive tract 15/118 (13%) 13 /101 (13%) 2/17 (12%)

Primary peritonitis 7 /118 (5.9%) 5/ 101 (5.0%) 2/17 (12%)

Pneumonia 28 /118 (24%) 23 /101 (23%) 5/17 (29%)

Bacteriemia 47118 (3.4%) 3/101 (3.0%) 1/17 (5.9%)

Urinary tract infection 5/118 (4.2%) 4/101 (4.0%) 1/17 (5.9%)

Other 3/118(2.5%) 3/101 (3.0%) 0/17 (0%)
Mechanical ventilation duration 7 (11) 5(9) 17 (16) <0.001
Duration of antibiotic treatment before 15 (13) 14 (12) 18 (13) 0.19
discontinuation
Relapse 5/ 17 (29%) 0/ 0 (NA%) 5/17 (29%) >0.99
Superinfection 2/17 (12%) 0/0 (NA%) 2/17 (12%) >0.99
Death 10/ 17 (59%) 0/0 (NA%) 10/ 17 (59%) >0.99

n/ N (%); Mean (SD) ; Median [IQR]

** Fisher’s exact test; Wilcoxon rank sum test; Wilcoxon rank sum exact test; Pearson’s Chi-squared test
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Table 1b. Characteristics of antibiotic therapy and identified infection of the population with

antibiotic therapy discontinuation (ATD) (Failure group: any of relapse, superinfection or death

after ATD)
No ATD failure group ATD failure group
-val
n =101 n=17 p-value

Beta-lactam antibiotic at ATD 0.53

Third gen. cephalosporin 5/ 88 (5.7%) 1/12(8.3%)

Cefepim 2/88(2.3%) 1/12 (8.3%)

Ceftazidim 1/88(1.1%) 0/12 (0%)

Piperacillin-tazobactam 58 /88 (66%) 9/12(75%)

Imipenem 1/88(1.1%) 0/12(0%)

Meropenem 20/ 88 (23%) 1/12(8.3%)
Type of antibiotic therapy before ATD 0.29

Non carbapenem 67 / 88 (76%) 11/12 (92%)

Carbapenem 21/ 88 (24%) 1/12(8.3%)
Duration of antibiotic treatment before discontinuation 14 (12) 18 (13) 0.19
Efficiency of source control at day 7 50/101 (50%) 5/17 (29%) 0.12
Quality of initial source control 0.34

None 31/81(38%) 2/ 14 (14%)

Pneumonia 24 /81 (30%) 7 /14 (50%)

No residual infection 19/81(23%) 4/ 14 (29%)

Re5|dua'l macroscopic infection, no ongoing 5/81(6.2%) 1/14 (7.1%)

contamination

Re5|dua'| mgcroscoplc infection and ongoing 2/81(2.5%) 0/14 (0%)

contamination
Candida positive sample before ATD 12 /101 (12%) 4/17 (24%) 0.2
Multidrug resistant bacteria before ATD 36/101 (36%) 11/17 (65%) 0.024
Site of relapse or superinfection >0.99

Intra-abdominal 0/0 (NA%) 1/5(20%)
Pneumonia 0/0 (NA%) 3/5(60%)
Bacteriemia 0/0 (NA%) 1/5(20%)

n /N (%); Mean (SD) ; Median [IQR]

** Fisher’s exact test; Wilcoxon rank sum test; Wilcoxon rank sum exact test; Pearson’s Chi-squared test
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Table 1c. Immunological, biological, and clinicals charateristics of the population with antibiotic
therapy discontinuation (ATD) (Failure group: any of relapse, superinfection or death after ATD)

No ATD failure group

ATD failure group

n=101 n=17 p-value
Immunological values
mHLA-DR value at inclusion 12,032 [7,446 - 15,308] 9,221 [5,981 - 13,452] 0.29
mHLA-DR value before ATD 14,543 [9,986 - 18,759] 10,794 (6,237 - 12,004] 0.046
mHLA-DR < 8000 Ab/c twice before ATD 3/101 (3.0%) 3/16(19%) 0.033
m-HLADR < 8000 Ab/c or decreasing slope before ATD 29 /101 (29%) 8 /17 (47%) 0.13
Days between last m-HLADR measurement and ATD -3.0[-7.0--1.0] -3.0[-5.0--1.0] 0.81
Inflammatory biomarkers
CRP value at inclusion 51[19 - 130] 65 [42 - 133] 0.29
CRP value before ATD 41 [16 - 84] 41[20-67] 0.65
Decreasing slope of CRP before ATD 52 /101 (51%) 9/17 (53%) 0.91
Procalcitonin value at inclusion 1[0-7] 6[1-17] 0.13
Procalcitonin value before ATD 0.5[0.2-1.8] 0.9[0.3-1.7] 0.62
E:])c(c)arlec:_?gin < 0.5 ng/ml or decreasing slope > 80% 59/101 (58%) 13 /16 (81%) 0.081
Decreasing slope of procalcitonin before ATD 61 /101 (60%) 11/17 (65%) 0.74
Clinical values
SOFA score at admission 9.0 (4.8) 9.7 (3.8) 0.45
SOFA score before ATD 5.0 (4.3) 8.1(4.4) 0.011
Decreasing SOFA score before ATD 47 /101 (47%) 5/17 (29%) 0.19

1n/N(%); Mean (SD) ; Median [IQR]

2 Fisher’s exact test; Wilcoxon rank sum test; Wilcoxon rank sum exact test; Pearson’s Chi-squared test
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Figure 1. Monocytic HLA-DR expression before antibiotic therapy discontinuation (ATD) in patients with and
without relapse, superinfection or death after ATD.
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Figure 2. Kaplan-Meier survival curves of relapse, superinfection or death after antibiotic therapy
discontinuation (ATD) in patients with and without two mHLA-DR values < 8000 Ab/c before ATD.
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Table 2. Results of the multivariate Cox model analysis of relapse, superinfection or death after
antibiotic therapy discontinuation

OR 95% Cl p-value
SOFA score > 5 and no amelioration before ATD 4 1.7t09.2 0.001

mHLA-DR < 8000 Ab/c twice before ATD 3.7 12to11.8 0.028
Candida positive sample before ATD 46 19to11.0 0.001
Multidrug resistant bacteria before ATD 26 1.1to6.0 0.023

Figure 3. Forrest plot of multivariate Cox model of relapse, superinfection or death after antibiotic
therapy discontinuation

mHLA-DR low twice
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Sensitivity

Figure 4. Simplified score to assess the risk of antibiotic therapy discontinuation failure
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LIST OF ABBREVIATIONS

SOFA score : Sequential Organ Failure Assessment score
mHLA-DR : monocytic Human Leukocyte Antigen — DR

ATD : Antibiotic therapy discontinuation

AUC : Area under the curve
ICU : Intensive Care Unit
Ab/c : Antibodies per Cell

MDR : Multidrug Resistant bacteria
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APPENDICES

Supplementary table S1 : Univariate logistic regression

Characteristic OR 95% Cl p-value
SOFA score at admission 1.00 | 0.90to 1.11 0.98
SOFA score before ATD 1.13 | 1.02t01.27 | 0.021
Decreasing SOFA score before ATD 0.50 | 0.18t0 1.24 0.15
SOFA score > 5 and no amelioration before ATD 436 | 1.79t0o 11.3 | 0.002
mHLA-DR < 8000 Ab/c twice before ATD 6.87 | 1.50t031.8 | 0.011
m-HLADR < 8000 Ab/c or decreasing slope before ATD 1.85 | 0.75t04.48 0.17
Decreasing slope of CRP before ATD 0.86 | 0.36t02.05 0.73
Decreasing slope of procalcitonin before ATD 0.94 | 0.39t02.34 0.90
Procalcitonin < 0.5 ng/ml or decreasing slope > 80% before ATD | 3.31 | 1.03to 14.8 | 0.068
Type of antibiotic therapy before ATD
Non carbapenem — —
carbapenem | 0.27 | 0.04to 1.00 | 0.088
Quiality of initial source control
none | — —
pneumonia | 9.33 | 2.35t062.7 | 0.005
No residual infection | 4.09 | 0.81to0 30.3 0.11
Residual macroscopic infection, no ongoing contamination | 3.00 | 0.13 to 36.6 0.40
Residual macroscopic infection and ongoing contamination | 0.00 >0.99
Initial source of infection controlled atday 7 | 0.34 | 0.12t0 0.84 | 0.025
Candida positive sample before ATD 478 | 1.71t013.2 | 0.002
Multidrug resistant bacteria before ATD 2.30 | 0.96t05.72 | 0.065
Age (years) 1.02 | 0.99to 1.06 0.24
IGSII 1.01 | 0.99to 1.04 0.24
Male sex 0.90 | 0.36t0 2.40 0.83
Body mass index 1.06 | 0.99to0 1.14 0.10
BMI > 30 kg/m2 2.47 | 1.01to 6.04 | 0.045
Insulin-dependent diabetes mellitus 0.22 | 0.01to 1.16 0.15
NYHA I1I/IV heart failure 3.68 | 1.12to 11.5 0.025
COPD 5.05 | 0.88t028.9 | 0.057
Metastatic cancer 0.90 | 0.20t0 3.03 0.88
Cirrhosis 0.50 | 0.17t0 1.29 0.17
Chronic renal failure requiring dialysis 6.87 | 1.68t030.0 | 0.007
Immunocompromised 0.00 0.99
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Characteristic OR 95% Cl p-value
Smoking 1.73 | 0.67t04.29 0.24
Alcoholism 0.81 | 0.31t0 1.98 0.65
Origin
Intensive care Unit — —
Medical/Surgical ward | 3.59 | 0.66to 67.1 0.23
Emergency room | 1.95 | 0.22t041.8 0.58
Reason for ICU admission
Post-operative — —
Acute renal failure | 4.75 | 0.461t051.2 0.17
Liver transplantation | 0.86 | 0.10to 7.77 0.89
Septic shock | 3.56 | 0.71to 26.7 0.15
Acute bleeding | 0.41 | 0.02to 4.63 0.48
Acute cardiac dysfunction | 0.00 >0.99
Ascetic decompensation | 1.12 | 0.12to 10.2 0.92
Neurologic failure | 6.33 | 0.59to 74.3 0.12
Acute respiratory failure | 8.44 | 1.71to64.2 | 0.016
Cause of admission
Medical — —
Urgent surgery | 0.62 | 0.23to 1.52 0.31
Planned surgery | 0.00 0.99
Infection site at admission
Upper digestive tract — —
Biliary infection | 0.28 | 0.04 to 1.42 0.15
Lower digestive tract | 0.71 | 0.09 to 3.82 0.70
Primary peritonitis | 1.53 | 0.19 to 9.35 0.65
Pneumonia | 2.12 | 0.68to 7.51 0.21
Bacteriemia | 0.77 | 0.04to 6.10 0.82
Urinary tract infection | 1.15 | 0.05to 10.2 0.91
Other | 0.00 >0.99
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Figure 6 : Calibration plot of risk score for patients without antibiotic therapy

discontinuation at day 14
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Figure 7 : Causes of intensive care admission in the 118 patients with ATD (in ascending

order)
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RESUME

Evaluation de I'expression monocytaire de I'HLA-DR pour prédire I'échec
d’antibiothérapie.

Introduction : Les durées recommandées d’antibiothérapie sont de plus en plus courtes mais cela
pourrait favoriser le risque de récidives chez certains patients. A la suite d’un état d’hyperinflammation
systémique due a une agression, survient une réponse anti inflammatoire simultanée appelée
syndrome d’'immunodépression acquise post agression représentée notamment par la diminution
d’expression de [I'HLA DR monocytaire (Human Leukocyte Antigene-DR). Cet état
d’« immunoparalysie » fait le lit des infections nosocomiales et est associée a la mortalité.

Lobjectif de notre étude était donc d’évaluer le risque d’échec de I'antibiothérapie en fonction de
I’évolution de ce marqueur immunologique, dans le but de personnaliser les durées d’antibiothérapie.

Matériel et Méthode : Une étude monocentrique prospective a été menée dans |'unité de soins
intensifs (USI) d'un hoépital universitaire francais de septembre 2022 a aoGt 2023. L'étude incluait des
patients adultes admis en soins intensifs et nécessitant une antibiothérapie d’au moins 7 jours. Les
caractéristiques démographiques, I'histoire clinique des patients, le type d’antibiothérapie, le contréle
de la source, I'évolution du SOFA score et des marqueurs inflammatoires ont été collectées a I'admission
puis au cours du séjour. Une évaluation quantitative de I'expression de mHLA-DR (antigéne leucocytaire
humain d’expression monocytaire) a été réalisée a I'admission puis chaque semaine. Les patients ont
été suivis afin d’identifier les infections secondaires 40 jours aprés |'arrét de I'antibiothérapie.

OBIJECTIFS : Le critére principal était un critere composite définissant I'échec d’antibiothérapie et
comprenant la survenue de récidive, de nouvelle infection ou de déces jusqu’a 40 jours apres l'arrét de
I'antibiothérapie. Les critéres secondaires étaient de comparer cette cinétique de mHLA-DR a d'autres
biomarqueurs et aux scores SOFA, mais aussi d'évaluer les causes d’échec de I'antibiothérapie.

Résultats : Parmi les 257 patients inclus dans |'étude, 118 ont présenté au moins un arrét de
I'antibiothérapie, et 48 % d’entre eux étaient des patients chirurgicaux. Les patients ayant des taux de
mHLA-DR inférieurs a 8000 AB/C a deux reprises avant |'arrét du traitement antibiotique présentaient
un risque significativement plus élevé de survenue du critéere principal (p<0,0037) selon I'analyse de
survie de Kaplan-Meier. Le modele de Cox a révélé que le taux mHLA-DR inférieur a 8000 deux fois
avant l'arrét de l'antibiothérapie, la présence d'un échantillon positif a Candida, la présence de
bactéries multirésistantes, un score SOFA supérieur a 5 sans amélioration avant l'arrét de
I'antibiothérapie, affectaient de maniere significative la survenue de récidives, de nouvelles infections
et de décés. Sur la base de ces constatations, un score a été développé avec une AUC (aire sous la
courbe) de 0,78 (ICa 95 % : 0,67-0,87), qui permettait d’identifier la population a faible risque d'échec
d’antibiothérapie.

Conclusion : Le mHLA DR semble constituer un bon témoin du déficit immunitaire acquis post agression
et sa cinétique pourrait aider a la détermination de la durée d’antibiothérapie optimale a I'ere de la
médecine personnalisée. Néanmoins cette évaluation doit s’intégrer a I'histoire clinique de chaque
patient et des études complémentaires sont nécessaires pour appuyer son intérét en pratique clinique.

SPECIALITES

Anesthésie-Réanimation, Infectiologie, Immunologie

MOTS-CLEFS : Réanimation, Immunoparalysie, infections nosocomiales, super infections, infections
secondaires, mHLA DR, durée d’antibiothérapie.
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