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Introduction: The rising incidence of carbapenem-resistant Acinetobacter baumannii (CRAB) poses challenges in Intensive Care
Unit (ICU) settings. Eravacycline, the first fluorocycline antibiotic introduced globally, is increasingly utilized for CRAB-related
infections. This study compares eravacycline with tigecycline for CRAB pneumonia in ICU patients.

Methods: This retrospective study analyzed 65 ICU patients with CRAB pneumonia treated at Henan Provincial People’s Hospital from
September 2023 to March 2024; the clinical efficacy and adverse reactions of eravacycline and tigecycline as target therapies were compared.
Results: Both CRAB pneumonia cohorts exhibited more than 50% co-infection rates, predominantly Aspergillus and Klebsiella
pneumoniae. Multiple organ dysfunction syndrome (MODS) incidence was significantly higher in the eravacycline group (45.5% vs
15.5%, P<0.05). Prior to target-drug administration, patients in the eravacycline group showed a longer duration of antibiotic therapy
(19.79 £ 9.97 days vs 14.25 + 7.98 days; P<0.05). Similarly, the median hospital stay was longer in the eravacycline group [27 (19.50,
39.00) days] versus the tigecycline group [19 (14.00, 29.00) days]. After the index culture, the median time to antibiotic initiation was
longer in the eravacycline group than in the tigecycline group (6.52 £ 5.03 days vs 4.09 + 3.14 days; P < 0.05). The 30-day mortality
rate was lower in the eravacycline group than in the tigecycline group (15.2% vs 25.0%). Notably, no deaths occurred among
eravacycline-treated patients who received infectious disease specialist consultations. Infection symptom resolution and cure rates did
not differ significantly between the two groups.

Conclusion: Eravacycline demonstrated non-inferior efficacy to tigecycline in CRAB pneumonia treatment, with a favorable safety
profile. Prompt consultation with infectious disease specialists and timely initiation of eravacycline therapy following the index culture
are crucial factors in enhancing clinical outcomes.
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Introduction

Acinetobacter baumannii represents the most prevalent species within the Acinetobacter baumannii-calcoaceticus
complex that is implicated in human infections. In hospital settings, ICU patients demonstrate heightened susceptibility
to Acinetobacter baumannii infections, primarily attributed to therapy-induced immunosuppression, recurrent exposure to

invasive iatrogenic interventions like mechanical ventilation, and persistent microbial colonization within ICU
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environments, typically manifesting as ventilator-associated pneumonia, catheter-related bloodstream infections, and
surgical site infections. The distinctive biological traits of A. baumannii have positioned it as a pivotal pathogen in global
healthcare environments.'* The extensive utilization of carbapenem antibiotics has resulted in a heightened detection rate
of CRAB. The emergence of CRAB, characterized by its intricate resistance mechanisms, indicates resistance to the
majority of other antibiotic classes. Both in China and internationally, CRAB infections are prominent among the leading
causes of antibiotic resistance. Multi-drug-resistant, extensively drug-resistant, and pan-drug-resistant strains of
A. baumannii have emerged as significant contributors to nosocomial infections in China. The surge of CRAB not
only poses a grave threat in the form of life-threatening nosocomial infections but also stands as a prominent cause of
mortality attributed to drug-resistant bacteria in China.>~

Eravacycline, which structurally resembles tigecycline, features a tetracycline core scaffold that has been modified by the
tetracycline D-ring. As the world’s first fluorocycline antibacterial agent, eravacycline exhibits broad-spectrum antibacterial
activity. Compared to tigecycline, eravacycline demonstrates 2 to 8 times greater potency against Gram-negative bacilli. In
2018, the US Food and Drug Administration (FDA) approved it for the treatment of complicated intra-abdominal infections.®’
Numerous studies have confirmed the favorable efficacy, safety, and tolerability of eravacycline in treating complex
infections.® '? Effective anti-infective therapy serves as a critical component in controlling and preventing CRAB infections.
While combined therapy is recommended in both domestic and international expert consensus and guidelines for treating
CRAB infections, and eravacycline is considered a viable option when minocycline and tigecycline are ineffective or
intolerable."""'* However, research on the therapeutic effects of eravacycline specifically in CRAB pneumonia, particularly
in ICU patients, remains limited. Therefore, this study aims to evaluate the clinical efficacy of eravacycline in treating CRAB
pneumonia in ICU patients by comparing it with tigecycline-based combination therapy.

Materials and Methods

From September 2023 to March 2024, a total of 65 patients admitted to the ICU of Henan Provincial People’s Hospital with
CRAB pneumonia were enrolled in this retrospective study. Demographic data, laboratory test results, and treatment
parameters of the patients were collected and analyzed. We implemented rigorous safeguards to anonymize all participant
information before analytical procedures. Identifiable data remained fully inaccessible throughout the study and subsequent
phases, ensuring full compliance with privacy protection standards.Based on the therapeutic agents administered, the patients
were stratified into two groups: the eravacycline group (n=33) and the tigecycline group (n=32). All patients fulfilled the
following inclusion criteria: admission to the ICU, respiratory tract specimens yielded Acinetobacter baumannii, and
susceptibility testing demonstrated resistance to carbapenems (meropenem, imipenem) and B-lactam/B-lactamase inhibitor
combinations (cefoperazone-sulbactam), with susceptibility to polymyxin B, a clinical diagnosis of CRAB pneumonia,'* and
having received treatment with either eravacycline or tigecycline for at least 72 hours. Exclusion criteria encompassed:
insensitive results in vitro drug sensitivity tests for eravacycline and tigecycline, individuals aged under 18 years, initiation of
eravacycline or tigecycline prior to the availability of culture results, and cases with incomplete clinical data.

The primary outcome of the study was the 30-day mortality rate. Secondary outcomes encompassed the resolution or
cure rate of infection symptoms, the 30-day readmission rate, and the occurrence of treatment-related adverse reactions.
Resolution or improvement in infection symptoms was defined as the reduction or normalization of inflammatory
markers and body temperature associated with the infection, as assessed by attending physicians based on case records.

Combination therapy involved the concurrent administration of intravenous (IV) eravacycline (1 mg/kg every
12 hours) or IV tigecycline (initial dose of 100 mg, followed by 50 mg every 12 hours), along with other regimens
specifically targeting Acinetobacter baumannii, for a minimum duration of 48 hours.

Bacterial eradication was assessed based on the following criteria: 1.Complete eradication: Three consecutive
negative bacterial culture results; 2.Microbial substitution: Three consecutive bacterial cultures showing the disappear-
ance of CRAB but growth of other bacteria; 3.Non-eradication: CRAB remained present in bacterial cultures, without the
emergence of other new microbial flora. The total number of cleared cases was the sum of the number of completely
cleared cases and the number of cases with microbial substitution. The bacterial clearance rate (%) was calculated as the
ratio of the total number of cleared cases to the total number of cases, multiplied by 100.
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Data Collection and Analysis
All the data were entered and analyzed in SPSS 27.0 (IBM Corporation, USA) and GraphPad Prism 9.5. Categorical
variables were reported as counts and percentages, their proportion differences were determined using Chi-square tests

between groups as appropriate. Continuous variables presented as means and standard deviations and their mean
difference was evaluated using Student’s z-test between groups. For data not conform to a normal distribution curve,
the median (Q1, Q3) was used, and the Mann—Whitney U-test was performed. P-value <0.05 was considered significant.

Results

During the study period, a total of 250 adult ICU patients were diagnosed with CRAB pneumonia. Of these, 185 patients
were excluded, and data from 65 patients were included in the final statistical analysis (Figure 1).

126 cases without the use of
target drugs
43 cases with target drug use
for < 72 hours

43 cases were treated with
target drugs before the first
culture

Figure | Group Details.
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who were diagnosed with CRAB
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Bl Exclude 185
patients

A total of 65 patients were enrolled
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There was no statistically significant difference in demographics or baseline clinical characteristics between the two
groups of CRAB pneumonia patients included in this study, indicating that the groups were comparable (outcomes are
shown in Table 1).

In the eravacycline group, one patient developed a CRAB bloodstream infection, and another patient experienced both
a CRAB bloodstream infection and an intracranial infection. In the tigecycline group, one patient developed a CRAB
intracranial infection. Among the patients with CRAB pneumonia in both groups, most had co-infections with other
pathogens, with Klebsiella pneumoniae and Aspergillus being the most common (Table 2).

All patients underwent invasive procedures. The incidence of multiple organ dysfunction syndrome (MODS) was higher
in the eravacycline group compared to the tigecycline group. Additionally, the duration of antibiotic use before targeted
therapy, the duration of targeted drug use after the first culture, and the total length of hospital stay were all significantly
longer in the eravacycline group than in the tigecycline group, with statistically significant differences (Table 3).

The 30-day mortality rate was lower in the eravacycline group compared to the tigecycline group, at 15.2% and
25.0%, respectively. None of the 7 patients who received an eravacycline-containing regimen after consultation with the
infectious disease department died. The resolution or cure rate of infection symptoms was slightly lower in the
eravacycline group compared to the tigecycline group, at 72.7% and 75.0%, respectively. In both groups, patients who
received consultation within 48 hours had a higher resolution or cure rate of infection symptoms compared to those who
did not, at 77.8%/76.9% and 66.7%/57.1%, respectively. The bacterial clearance rate was 54.5% in the eravacycline
group, higher than the 50.0% observed in the tigecycline group (Table 4).

Table | Demographic and Baseline Characteristics of Two Groups of Patients with CRAB Pneumonia

Parameter Eravacycline Group | Tigecycline Group | Statistic | p-value
(n=33) (n=32)

Gender

Male 23 (69.7%) 21 (65.6%) 0.123 0.726

Female 10 (30.3%) 11 (34.4%)

Age

<65 years 14 (42.4%) 16 (50.5%) 0.375 0.540

265 years 19 (57.6%) 16 (50.5%)

Patient Source

Home 8 (24.2%) 9 (28.1%) 0.127 0722

Transfer from outside hospital 25 (75.8%) 23 (71.9%)

Markers of disease progression

APACHE I 19.94+6.99 20.84+4.987 —0.586 0.560

Comorbid conditions

Hypertension 12 (36.4%) 17 (53.1%) 1.847 0.174
Diabetes 11 (33.3%) 6 (18.8%) 1.789 0.181
Coronary heart disease 10 (30.3%) 11 (34.4%) 0.123 0.726
Respiratory System Disorders® Il (33.3%) 12 (37.5%) 0.123 0.725
Cerebrovascular disease® 16 (48.5%) 12 (37.5%) 0.799 0.371

Notes: *Bronchiectasis, Chronic Obstructive Pulmonary Disease, Asthma, Pulmonary Emphysema, Idiopathic Pulmonary Fibrosis.
®Cerebral Infarction, Cerebral Hemorrhage.
Abbreviation: APACHE I, Acute Physiology and Chronic Health Evaluation II.
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Table 2 Distribution of Pathogens in Two Groups of CRAB Pneumonia

Patients
Pathogenic Bacteria Eravacycline Group Tigecycline Group
(n=33) (n=32)
Single Infection
CRAB 12 (36.4%) 15 (46.9%)
Co-infection
Klebsiella pneumoniae 10 (30.3%) 3 (9.4%)
Aspergillus 9 (27.3%) 12 (37.5%)
Influenza Vrius 5 (15.2%) 5 (15.2%)
Burkholderia cepacia 4 (12.1%) 4 (12.5%)
Enterococcus faecalis 3 (9.1%) 0
Stenotrophomonas maltophilia 2 (6.1%) 0
Staphylococcus aureus 2 (6.1%) 0
Pseudomonas aeruginosa I (3.0%) I 3.1%)
Elizabethkingia anophelis 0 I 3.1%)

Abbreviation: CRAB, carbapenem-resistant Acinetobacter baumannii.

Table 3 Distribution of Treatment-Related Factors in Two Groups of CRAB Pneumonia Patients

Relevant Factors Eravacycline Tigecycline Statistic | p-value
Group (n=33) Group (n=32)
Comorbidities
Diabetes 11 (33.3%) 6 (18.8%) 1.789 0.181
Sepsis 9 (27.3%) 11 (34.4%) 0.385 0.598
Septic Shock 21 (63.6%) 15 (46.9%) 1.847 0.174
Respiratory Failure 7 (21.2%) 12 (37.5%) 2.084 0.149
MODS 15 (45.5%) 5 (15.5%) 6.786 0.009*
Hypoproteinemia 28 (84.8%) 27 (84.4%) 0.003 0.958
Coagulation Abnormalities 11 (33.3%) 10 (31.3%) 0.032 0.857
Electrolyte Imbalance 22 (66.7%) 24 (75.0%) 0.545 0.460
Renal Insufficiency 11 (33.3%) 9 (28.1%) 0.207 0.649
Cardiac Insufficiency 8 (24.2%) 14 (43.8%) 2.761 0.097
Hepatic Dysfunction 13 (39.4%) 16 (50.0%) 0.740 0.390
History of Surgery within One Month
Yes 11 (33.3%) 12 (37.5%) 0.123 0.725
History of Repeated Blood Transfusions
Yes 20 (60.6%) 18 (56.3%) 0.127 0.722
(Continued)
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Table 3 (Continued).

Relevant Factors Eravacycline Tigecycline Statistic | p-value
Group (n=33) Group (n=32)

Duration of Antibiotic Use Before Targeted Drug Therapy

Days Mean + SD 19.79+9.974 14.25+7.984 2.477 0.016*

Consultation

Surgical Consultation 9 (27.3%) 8 (25.0%) 0.043 0.835

Internal Medicine Consultation 12 (36.4%) 17 (53.1%) 1.847 0.174

Infectious Disease Consultation 7 (21.2%) 7 (21.9%) 0.004 0.948

Consultation Within 48 hours of Initial Culture 9 (27.3%) 13 (40.6%) 1.294 0.255

Target Drug

Start from index culture, days M(Q25,Q75) 6.52+5.026 4.09+3.135 2.322 0.023*

Duration, days M(Q25,Q75) 8 (5.00,11.50) 10 (4.25,13.00) 5745 0.540

Length of hospital stay

Total Hospitalization Duration days M(Q25,Q75) | 27 (19.50,39.00) | 19 (14.00,29.00) | 325.0 0.008*

ICU Stay Duration days M(Q25,Q75) 20 (18.00,31.50) | 17 (12.25,28.50) | 400.5 0.094

Note: *Statistically significant.
Abbreviations: SD, Standard Deviation; ICU, Intensive Care Unit; MODS, Mulitiple organ dysfunction syndrome.

Table 4 Efficacy of Treatment and Pathogen Clearance Rates in Two Groups of CRAB Pneumonia Patients

Efficacy

Eravacycline
Group (n=33)

Tigecycline
Group (n=32)

Clinical outcomes

30-day Mortality 5 (15.2%) 8 (25.0%)
30-day Mortality (Consultation by Infectious Disease Specialist)® 0 I (16.7%)
30-day Readmission 7 (21.2%) 3 (9.4%)

Resolution or Cure of Infection Symptoms

24 (72.7%)

24 (75.0%)

Resolution or Cure of Infection Symptoms 7 (77.8%) 10 (76.9%)
(Consultation within 48 hours of Initial Culture)®

Resolution or Cure of Infection Symptoms (No Consultation)® 8 (66.7%) 4 (57.1%)
Pathogen Clearance Rate

Complete Eradication 10 (30.3%) 9 (28.1%)
Colonization by New Organisms 8 (24.2%) 7 (21.9%)
Persistence 17 (51.5%) 20 (62.5%)
Bacterial Eradication Rate 18 (54.5%) 16 (50.0%)

Notes: *In the eravacycline group, 7 patients underwent infectious disease consultation; while in the tigecycline group, 6 patients
underwent infectious disease consultation. °In the eravacycline group, 9 patients were consulted within 48 hours of the initial culture;
while in the tigecycline group, 13 patients were consulted within 48 hours of the initial culture. “In the eravacycline group, 12 patients
were not consulted, and in the tigecycline group, 7 patients were not consulted.
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Table 5 Adverse Drug Reactions in Two Groups of
CRAB Pneumonia Patients

Adverse Reactions | Eravacycline Tigecycline
Group (n=33) | Group (n=32)

Nephrotoxicity I (3.0%) I (3.1%)
Hepatotoxicity I (3.0%) I (3.1%)
Total 2 (6.1%) 2 (6.3%)

The incidence of adverse reactions was lower in patients receiving eravacycline compared to those receiving
tigecycline (Table 5).

Discussion
This study presents a retrospective analysis of a combination therapy regimen based on eravacycline for CRAB
pneumonia in ICU patients. Unlike previous studies that focused on CRAB-induced complex intra-abdominal

infections,'> !’

this research targets CRAB pneumonia, a specific and critical infection type in ICU settings. By
comparing the efficacy of eravacycline with tigecycline-based combination therapy, this study provides new insights
into treating CRAB pneumonia.Although early clinical experiences with Eravacycline-based combination therapy for
various infections have been reported,'® data on its efficacy in CRAB pneumonia remain scarce. A recent large-scale
multicenter analysis described the clinical effects of eravacycline on CRAB infections; however, the study included
limited susceptibility results for isolated strains and lacked evaluations of its efficacy in pneumonia and sepsis patients.'’
Given the prevalence of CRAB in ICU settings, particularly as ventilator-associated pneumonia, evaluating the clinical
efficacy of eravacycline in such cases is essential.

The primary comorbidities observed in both patient groups were cerebrovascular diseases, hypertension, and
respiratory system diseases. Co-infections with Aspergillus and Klebsiella pneumoniae were the most common patho-
gens, differing from previous findings.'® These differences underscore the importance of research tailored to specific
populations and regions. Notably, ICU patients often present with multiple complications during their disease progres-
sion. The higher incidence of MODS in the eravacycline group indicates a more severe baseline condition compared to
the tigecycline group. MODS is a severe condition often associated with rapid clinical deterioration and increased
treatment complexity.”® Both groups received other antibiotics before initiating the target drugs, with the eravacycline
group experiencing a longer duration of prior antibiotic use and a delayed initiation of eravacycline compared to
tigecycline. This delayed initiation might explain the lack of significant therapeutic advantage of eravacycline over
tigecycline. According to national and international guidelines, combination therapy is a cornerstone of CRAB infection
management.'''® In this study, the most common combination regimens with the target drugs were meropenem and
polymyxin, with clinicians tailoring regimens based on treatment efficacy.

As a broad-spectrum antibiotic, eravacycline demonstrated superior in vitro antibacterial activity against CRAB and
higher lung tissue concentrations compared to tigecycline, which likely explains the observed improvements in 30-day
mortality and bacterial clearance rates in the eravacycline group in this study.®?' Though these outcomes lower than
previously reported levels in eravacycline-treated CRAB infections, but no differences were observed between the two
groups in infection symptom resolution or clinical cure rates.'” Notably, infectious disease consultations improved
clinical outcomes.? Patients receiving eravacycline-based regimens after consultation experienced a significant reduction
in 30-day mortality. Furthermore, timely consultation within 48 hours of the initial culture enhanced patient outcomes,
highlighting the importance of early and appropriate medical intervention.Safety is another critical consideration. In this
study, adverse reactions were less frequent in the eravacycline group compared to the tigecycline group. When compared
with meropenem-polymyxin combinations, eravacycline combined with either meropenem or polymyxin showed a lower
incidence of adverse reactions,” underscoring its favorable safety profile.
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Conclusion

This study confirms that eravacycline-based combination therapy is a clinically viable alternative to tigecycline-based
regimens for CRAB pneumonia in ICU patients, with comparable efficacy outcomes. Early administration of eravacy-
cline following culture confirmation was associated with improved clinical prognosis and reduced mortality.
Additionally, outcomes in complex infections were improved by early consultation, particularly infectious disease
consultation. While this study provides clinically relevant insights, its single-center retrospective design and limited
sample size necessitate cautious interpretation due to potential confounding factors. To address these limitations, large-
scale multicenter prospective trials are urgently needed to validate the findings.

Ethics Approval and Consent to Participate

This study was approved by the Medical Ethics Committee of Henan Provincial People’s Hospital (No. 120-2023) with
a waiver of informed consent because of the retrospective nature of the study.This study complies with the Declaration of
Helsinki.

Disclosure
The authors declare no conflicts of interest in this work.
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