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ABSTRACT

Introduction: Tigecycline is a potential alter-
native to trimethoprim–sulfamethoxazole in
treating Stenotrophomonas maltophilia infections
due to its potent in vitro antimicrobial activity.
Clinical evidence regarding the use of tigecy-
cline in the treatment of S. maltophilia

infections is scarce. In this study, we assessed
the efficacy of tigecycline treating ventilator-
associated pneumonia (VAP) due to S. mal-
tophilia in comparison with fluoroquinolones.
Methods: This is a multicenter retrospective
cohort study of patients admitted between
January 2017 and December 2020 with the
diagnosis of VAP caused by S. maltophilia
receiving either tigecycline or fluoroquinolones
as the definitive therapy C 48 h. Clinical out-
comes including 28-day mortality, clinical cure
and microbiological cure were analyzed.
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Results: Of 82 patients with S. maltophilia VAP
included, 46 received tigecycline, and 36
received fluoroquinolones; 70.7% of patients
had polymicrobial pneumonia, and the appro-
priate empiric therapy was applied to only
14.6% of patients. The overall 28-day mortality
was 39%. Compared with patients receiving
fluoroquinolones, tigecycline therapy resulted
in worse clinical cure (32.6% vs. 63.9%,
p = 0.009) and microbiological cure (28.6% vs.
59.1%, p = 0.045), while there was no statistical
difference between 28-day mortality (47.8% vs.
27.8%, p = 0.105) in the two groups. Similar
results were also shown in the inverse proba-
bility of treatment weighted univariable regres-
sion model and multivariable regression model.
Conclusions: The standard dose of tigecycline
therapy was associated with a lower clinical and
microbiological cure rate but not associated
with an increased 28-day mortality in patients
with S. maltophilia VAP compared with fluoro-
quinolones. Considering the unfavorable clini-
cal outcomes, we therefore recommend against
using the standard dose of tigecycline in treat-
ing S. maltophilia VAP unless new clinical evi-
dence emerges.

Keywords: Fluoroquinolones; Levofloxacin;
Moxifloxacin; Multicenter retrospective cohort
study; Stenotrophomonas maltophilia;
Tigecycline; Ventilator-associated pneumonia

Key Summary Points

Why carry out this study?

Stenotrophomonas maltophilia has emerged
as an important hospital-acquired
pathogen in critically ill patients, and
therapeutic options for its infections are
limited because of its extensive
antimicrobial resistance.

Trimethoprim-sulfamethoxazole and
fluoroquinolones are widely used in
treating S. maltophilia infections.
However, because of the high rate of
adverse events and the increasing rate of
antimicrobial resistance, alternative
antibiotics are urgently needed.

Tigecycline is a potential alternative for S.
maltophilia infections due to its potent
in vitro activity. However, studies
assessing the effect of tigecycline in
treating S. maltophilia infections are
limited.

What was learned from the study?

Compared with fluoroquinolones, the
standard dose of tigecycline therapy
resulted in worse clinical outcomes, with a
lower rate of clinical and microbiological
cure but no statistical difference in 28-day
mortality in patients with ventilator-
associated pneumonia caused by S.
maltophilia.

We recommend against using the standard
dose of tigecycline in the treatment of S.
maltophilia ventilator-associated
pneumonia unless new clinical evidence
emerges.

INTRODUCTION

Stenotrophomonas maltophilia, previously Pseu-
domonas maltophilia or Xanthomonas maltophil-
ia, has emerged as an important hospital-
acquired pathogen in critically ill patients,
causing pneumonia, blood-stream infection
and, less frequently, skin and soft tissue infec-
tion as well as urinary tract infection [1, 2]. It
has been reported as one of the top ten patho-
gens responsible for intensive care unit-ac-
quired pneumonia in European countries,
accounting for 0.4–8.7% of all hospital-acquired
pneumonia (HAP) [3]. Although the incidence
of HAP caused by S. maltophilia is relatively low,
the corresponding mortality was around 50%
[4], and even reported as high as 77% in some
populations [5].

Therapeutic options for S. maltophilia are
often limited because of its extensive intrinsic
or acquired resistance to antibiotics commonly
used in nosocomial infections, including
cephalosporins, b-lactam/b-lactamase inhibi-
tors, aminoglycosides and carbapenems [6, 7].
Trimethoprim-sulfamethoxazole is therefore
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considered the first choice because of its potent
in vitro activity against 90% of all clinical iso-
lates [8]. However, the high rate of allergy, side
effects and intravenous drug shortage limits its
clinical use. Another popular alternative for the
treatment of S. maltophilia infections in clinical
practice is fluoroquinolones because of their
good in vitro activity, convenient availability
and relatively lower rate of side effects [7, 8].
The clinical effectiveness of fluoroquinolones
has been assessed in a meta-analysis that indi-
cated fluoroquinolones are an effective alterna-
tive to trimethoprim-sulfamethoxazole in the
treatment of bacteremia and pneumonia caused
by S. maltophilia [9].

However, resistance to fluoroquinolones has
seen an alarming trend in S. maltophilia [10, 11].
Global surveillance demonstrated a decreased
susceptibility of S. maltophilia to levofloxacin
from 83.4% during 2003–2008 to 77.3% in 2011
[12, 13], and an even lower susceptibility rate
was reported in Chinese surveys [14, 15].
Therefore, other alternative antibiotics are
urgently required.

Tigecycline is one of the new tetracyclines
with broad-spectrum antibacterial activity and
has been widely used in the treatment of gram-
negative bacteria with multidrug resistance, like
Acinetobacter baumannii, and Klebsiella pneumo-
niae [16, 17]. It also presents good activity
against S. maltophilia. A study testing tigecycline
against a worldwide collection of clinical S.
maltophilia strains reported a susceptibility rate
of 95.5% [18], and the SENTRY antimicrobial
surveillance program conducted in the USA,
Europe and the Mediterranean region during
2009–2012 demonstrated a similar susceptibil-
ity rate (96%) [13]. Moreover, tigecycline also
displayed good susceptibility against S. mal-
tophilia, which is resistant to levofloxacin and/
or trimethoprim–sulfamethoxazole [19].

Clinical studies assessing the effectiveness of
tigecycline in the treatment of S. maltophilia
infections are limited. Apart from one study
with a small sample size comparing trimetho-
prim-sulfamethoxazole with tigecycline in
patients with all kinds of nosocomial infection
[20], only two case reports reported the poten-
tial role of tigecycline in the treatment of S.
maltophilia infections [21, 22]. As tigecycline is

frequently used in China, we conducted this
study to evaluate its effectiveness in treating
ventilator-associated pneumonia (VAP) caused
by S. maltophilia.

METHODS

Study design

This is a multicenter, retrospective, observa-
tional cohort study conducted in three tertiary
teaching hospitals in Wuhu, Anhui, China, The
First People’s Hospital of Wuhu, The Second
People’s Hospital of Wuhu and The First Affili-
ated Hospital of Wannan Medical College. The
medical records of patients with the diagnosis
of VAP were reviewed from January 2017 to
December 2020. The study was approved by the
ethics committee of Xi’an Jiaotong-Liverpool
University (reference number 19-01-05) and the
institutional review board in each participating
hospital, and the informed consent was waived
because of the nature of the retrospective study.

S. maltophilia VAP

VAP was diagnosed according to the 2016 clin-
ical practice guidelines by the infectious dis-
eases society of America and the American
Thoracic Society [23]. Patients with a new or
progressive lung infiltrate after 48 h of tracheal
intubation and manifesting one of the follow-
ing criteria were considered as VAP: tempera-
ture[ 38 �C or\36.5 �C; leukocyte
count[10 9 1012/l or\ 4 9 1012/l; purulent
endotracheal aspirate. Pathogens responsible
for the episode of VAP were determined with
quantitative culture of samples collected within
48 h before or after the onset of VAP (endotra-
cheal aspirate C 105 CFU/ml or bronchoalveo-
lar lavage C 104 CFU/ml) [24, 25]. S. maltophilia
VAP was diagnosed when S. maltophilia was
recovered at the concertation reaching the
threshold of the corresponding specimens,
irrespective of monomicrobial or polymicrobial
infection. The identification of microorganism
and susceptibility test of antibiotics were per-
formed with the Vitek 2 system (bioMérieux)
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and interpreted according to the Clinical and
Laboratory Standards Institute criteria [26].

Participants

Patients (age[18 years) with the diagnosis of
VAP caused by S. maltophilia receiving either
fluoroquinolones (levofloxacin or moxi-
floxacin) or tigecycline as the definitive therapy
for [ 48 h were eligible. Levofloxacin was
administrated as 500 mg twice daily, moxi-
floxacin was administrated as 400 mg once
daily, and 50 mg tigecycline was used twice per
day following a 100-mg loading dose. Dosage
adjustments according to renal function were
acceptable. Patients meeting the following cri-
teria during their VAP course were excluded:
received both fluoroquinolones and tigecycline
concomitantly or sequentially; concomitant
pathogen was susceptible to neither of the
antimicrobial agents in the definitive therapy
regimens; use of inappropriate antibiotics as the
definitive therapy for S. maltophilia C 48 h (de-
fined as antibiotics used for which S. maltophilia
strains were not susceptible based on antimi-
crobial susceptibility testing results [27]). In
cases where patients experienced more than one
episode of S. maltophilia VAP, only the first
episode was included.

Outcomes and Definitions

The primary endpoint of the study was to assess
the rate of clinical cure. Secondary endpoints
investigated were 28-day mortality and micro-
biological cure. Clinical cure was defined as
complete resolution of all signs and symptoms
of pneumonia at 14 days after the initial given
dose of target antibiotics (fluoroquinolones or
tigecycline) [28]. Whenever patients died or
were discharged within 14 days after the inclu-
sion, the clinical cure was assessed by the end of
antibiotic therapy. The microbiological cure
was defined as the absence of S. maltophilia in
the culture of specimens collected within 2 days
before or after the follow-up time point the 14th
day after the initial given dose of target antibi-
otics [25, 29]. Patients who died or were

discharged within 14 days were excluded from
the microbiological cure analysis.

Data Extraction

Data extracted from the medical records inclu-
ded age, gender, the reason for ICU admission,
comorbidities, Charlson comorbidity index
score [30], severity of disease at the time of S.
maltophilia VAP onset (Acute Physiology and
Chronic Health Evaluation II (APACHE II) [31],
duration of mechanical ventilation before the
onset of S. maltophilia VAP, concomitant iso-
lated bacteria, antibiotics, duration of antibiotic
therapy targeting S. maltophilia, microbiological
results, clinical cure and 28-day mortality. For
patients discharged from hospitals earlier than
28 days after the onset of S. maltophilia VAP,
information on 28-day mortality was obtained
from their 1-month follow-up records.

Statistical Analysis

Continuous variables were summarized as
median and interquartile range. Categorical
variables were described as counts and per-
centages. The differences between patients
receiving tigecycline or fluoroquinolones were
analyzed with Fisher’s exact test for categorical
variables and Mann-Whitney U test for contin-
uous variables.

To analyze the clinical outcomes between
tigecycline and fluoroquinolones in the treat-
ment of VAP caused by S. maltophilia, an inverse
probability of treatment-weighted (IPTW) uni-
variable logistic regression model was per-
formed [32]. The propensity score was estimated
by using a nonparsimonious multivariable
logistic regression model, with receiving tige-
cycline as the dependent variable and the
baseline characteristics in the two groups with a
standardized mean difference[0.2 as covariates
[33]. The included covariates were severity of
acute and chronic diseases (APACHE II score
and Charlson comorbidity index score),
comorbidities (malignancy, chronic liver fail-
ure, chronic heart failure, coagulation disorder),
polymicrobial infection, co-isolated with A.
baumannii, combination therapy with
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carbapenems and duration of antibiotic therapy
targeting S. maltophilia.

Moreover, a stepwise forward multivariable
regression model was run as a sensitivity anal-
ysis [34], by adjusting for variables determined a
priori that were reported as the risk factors of
mortality in S. maltophilia pneumonia and
variables with p B 0.2: age, gender, chronic
kidney disease, coagulation disorder, malig-
nancy, polymicrobial infection, definitive
antibiotic therapy, combination therapy with
carbapenems, APACHE II score and Charlson
comorbidity index score. Subgroup analysis was
also performed by excluding patients co-in-
fected with Pseudomonas aeruginosa as this
pathogen is naturally resistant to tigecycline
[35]. Moreover, to remove the impact of
appropriate initial antibiotic therapy on the
assessment of effectiveness of antibiotic ther-
apy, a subgroup analysis by excluding patients
receiving appropriate empiric antibiotic therapy
was also conducted.

Odds ratio and 95% confidence interval were
reported. Two-tailed p\0.05 was considered
statistically significant. All the statistical analy-
ses were performed with R software version
3.6.2 (R Foundation for Statistical Computing).

RESULTS

Patient’s Characteristics

Of the total of 142 patients with VAP caused by
S. maltophilia meeting the inclusion criteria, 60
were excluded according to the exclusion cri-
teria. The remaining 82 patients were included
in the final analysis, among which 46 patients
were treated with tigecycline, while the other 36
patients received fluoroquinolones levofloxacin
or moxifloxacin (Fig. 1).

Patients with VAP caused by S. maltophilia
were relatively old, with the median age of 76
(IQR 64.25–85) years, and had both serious
acute and chronic diseases, with an APACHE II
score of 21 (IQR 16.25–24) and a Charlson index
comorbidity score of 5 (IQR 4–6). Most patients
had at least one comorbidity, and hypertension
was the most frequently reported comorbidity
(45/82, 54.9%). A chronic underlying

respiratory disease was present in 11 patients
(13.4%). Reasons for patients to be admitted to
ICU were respiratory failure, stroke, sepsis, brain
trauma, scheduled surgery and trauma.

VAP caused by S. maltophilia occurred late,
with the median duration from intubation to
VAP onset of 15 (IQR 9–33.75) days. A majority
of patients (58/82, 70.7%) with S. maltophilia
VAP were polymicrobial, with A. baumannii (26/
58, 44.8%) as the most commonly co-isolated
bacterium, followed by Enterobacteriaceae (22/
58, 37.9%) and P. aeruginosa (10/58, 17.2%). All
patients with S. maltophilia VAP had received
combination therapy at the onset of VAP by
combining with either carbapenems (60/82,
73.2%) or b-lactam/b-lactamase inhibitors (22/
82, 26.8%). The duration of antibiotic therapy
targeting S. maltophilia VAP was 9 (IQR 5.25–-
13) days. In terms of appropriate initial antibi-
otic therapy, only 14.6% (12/82) of the patients
received effective antimicrobial therapy, and
they were all in the fluoroquinolone therapy
group.

Compared with patients receiving fluoro-
quinolones, patients receiving tigecycline were
more likely to have a higher APACHE II score,
Charlson comorbidity index score and longer
time between the start of mechanical ventila-
tion and the diagnosis of S. maltophilia VAP,
albeit not statistically significant. Moreover,
there were more patients receiving carbapenems
in the tigecycline group, while more b-lactam/b-
lactamase inhibitors were used in patients
receiving fluoroquinolones (40/46, 87% vs.
20/36, 55.6%, p = 0.003) (Table 1).

Microbiological Profile

Results of antimicrobial susceptibility testing
were included for S. maltophilia isolates from
129 patients. The formal laboratory report of
antimicrobial susceptibility testing of the
remaining 13 patients cannot be found in the
database, but part of the information (microor-
ganism, quantitative culture result, whether
susceptible to the prescribed antibiotics) was
extracted from chart notes in their medical
records. Therefore, the lack of formal testing
reports in these patients did not influence the
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inclusion process and the final analysis. Tige-
cycline (98.4%, 127/129) presented the highest
susceptibility rate against S. maltophilia, fol-
lowed by trimethoprim–sulfamethoxazole
(82.9%, 107/129) and levofloxacin (80.6%,
104/129), while susceptibility rate was lower in
ticarcillin-clavulanate and ceftazidime, 75.2%
(97/129) and 61.2% (79/129), respectively. No
information regarding the susceptibility of S.
maltophilia to carbapenems and b-lactam/b-lac-
tamase inhibitors was reported.

Clinical Outcomes

Compared with patients receiving fluoro-
quinolones, patients receiving tigecycline
resulted in a lower clinical cure (15/46, 32.6%
vs. 23/36, 63.9%, p = 0.009) and microbiologi-
cal cure (10/35, 28.6% vs. 13/22, 59.1%,
p = 0.045). There was no statistical difference in
28-day mortality between patients receiving
tigecycline and fluoroquinolones (22/46, 47.8%
vs. 10/36, 27.8%, p = 0.105), although the trend
is in favor of fluoroquinolones therapy
(Table 2). In the IPTW univariable regression

model, tigecycline therapy was associated with
a reduced clinical cure (0.75, 95% CI 0.61–0.93,
p = 0.008), while it was not associated with an
increased 28-day mortality (1.14, 95% CI
0.93–1.39, p = 0.195). Similar results were also
shown in the multivariable logistic regression
model that was run as the sensitivity analysis
(Table 3 and Supplementary material, Table S1).
Subgroup analysis by excluding patients co-in-
fected with P. aeruginosa did not change the
trend of any of these results. When patients
receiving appropriate empiric antibiotic therapy
were excluded, tigecycline therapy still resulted
in a lower clinical cure (15/46, 32.6% vs. 15/24,
62.5%, p = 0.032) than in patients receiving
fluoroquinolones (Table 2).

DISCUSSION

Tigecycline is a promising alternative to
trimethoprim-sulfamethoxazole in the treat-
ment of S. maltophilia infections due to its
potent antimicrobial activity [12]. Although
resistance to tigecycline has been reported as an

Fig. 1 Flowchart of study inclusion process
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increasing trend, the susceptibility rate in global
surveillance reports is still high (90.6% inhib-
ited at B 2 mg/l) [36, 37]. Therefore, it was rec-
ommended as one of the antibacterial choices

by the Chinese expert consensus statement to
treat S. maltophilia infections since 2013 [38],
especially for those critically ill patients or those
concomitantly infected with other gram-

Table 1 Characteristics of patients with ventilator-associated pneumonia due to S. maltophilia receiving tigecycline or
fluoroquinolones

Variables All
n = 82

Tigecycline
n = 46

Fluoroquinolones
n = 36

p

Age (year), median (IQR) 76 [64.25,
85]

76 [65, 85] 75 [62.5, 84.75] 0.650

Male gender n (%) 65 (79.3) 38 (82.6) 27 (75) 0.569

Reasons for ICU admission n (%) 0.134

Respiratory failure 42 (52.1) 25 (54.3) 17 (47.2)

Stroke 17 (20.7) 8 (17.4) 9 (25)

Sepsis 8 (9.8) 6 (13) 2 (5.6)

Brain trauma 7 (8.5) 2 (4.3) 5 (13.9)

Scheduled surgery 6 (7.3) 5 (10.9) 1 (2.8)

Trauma 2 (2.4) 0 (0) 2 (5.6)

Comorbidities n (%)

Hypertension 45 (54.9) 25 (54.3) 20 (55.6) 1.000

Coronary heart disease 31 (37.8) 18 (39.1) 13 (36.1) 0.960

Chronic heart failure 17 (20.7) 12 (26.1) 5 (13.9) 0.281

Chronic respiratory disease 11 (13.4) 6 (13) 5 (13.9) 1.000

Chronic kidney disease 7 (8.5) 5 (10.9) 2 (5.6) 0.648

Chronic liver disease 10 (12.2) 7 (15.2) 3 (8.3) 0.545

Malignancy 10 (12.2) 8 (17.4) 2 (5.6) 0.199

Diabetes mellitus 15 (18.3) 8 (17.4) 7 (19.4) 1.000

Coagulation disorder 10 (12.2) 8 (17.4) 2 (5.6) 0.199

Charlson comorbidity score, median (IQR) 5 [4, 6] 5 [4, 6] 4 [4, 6] 0.123

APACHE II score, median (IQR) 21 [16.25,
24]

21.5 [17, 24.75] 19.5 [15.75, 23] 0.195

Time from mechanical ventilation to S. maltophilia VAP (day), median
(IQR)

15 [9, 33.75] 18.5 [9.75,
34.75]

14.5 [7, 26.25] 0.328

Polymicrobial infection n (%) 58 (70.7) 35 (76.1) 23 (63.9) 0.387

A. baumannii 26 (44.8) 18 (51.4) 8 (34.8)

P. aeruginosa 10 (17.2) 6 (17.1) 4 (17.4)

Enterobacteriaceae 22 (37.9) 11 (31.4) 11 (47.8)

Concomitant antibiotics n (%) 0.003

Carbapenems 60 (73.2) 40 (87) 20 (55.6)

b-Lactam/b-lactamase inhibitors 22 (26.8) 6 (13) 16 (44.4)

Duration antibiotic therapy targeting S. maltophilia 9 [5.25, 13] 9 [5, 13] 9 [7, 13.25] 0.533

Appropriate initial antibiotic therapy n (%) 12 (14.6) 0 (0) 12 (33.3) \ 0.001
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negative bacteria, such as A. baumannii and K.
pneumoniae, as these pathogens are usually pre-
senting a high rate of resistance to other com-
monly used antibiotics in VAP [23]. In this
study, patients with a higher APACHE II score
and Charlson comorbidity index score were
more likely to receive tigecycline and the com-
bination therapy with carbapenems, indicating
that clinicians are prone to prescribe tigecycline
and combination therapy with other high-level
antibiotics to those patients with greater sever-
ity of underlying diseases [39, 40]. Besides, co-
isolated with multidrug resistant or car-
bapenem-resistant bacteria was another factor
that led doctors to use tigecycline in our study,
as there were few choices for such infection.

In the present study, a lower rate of clinical
cure and microbiological cure was reported in
patients receiving tigecycline compared with
patients receiving fluoroquinolones in the
treatment of VAP caused by S. maltophilia. A
reasonable explanation for the lower success
rate of tigecycline in the treatment might be
that the dose of tigecycline used in the study
was not optimal, as a pharmacokinetic and
pharmacodynamic (PK/PD) study has demon-
strated that the standard dose of tigecycline
(50 mg twice per day following a 100 mg load-
ing dose) resulted in a suboptimal

concentration of tigecycline in the lung [41].
Moreover, clinical evidence also opposed the
use of standard dose of tigecycline in treatment
of severe infections caused by other pathogens
than S. maltophilia, as it was associated with a
poorer clinical outcome compared with the
high-dose regimen or other comparators [16]. A
study performed on 476 clinical isolates of S.
maltophilia from a global collection revealed
that 1 mg/l tigecycline was required to inhibit
the growth of 50% of those isolates, and 2 mg/
ml, to inhibit the growth of 90% of those iso-
lates [36]. Combining this finding with a recent
pharmacokinetics study of high-dose tigecy-
cline (100 mg twice per day following a 200 mg
loading dose) in critically ill patients with sev-
ere infections caused by different organisms
that indicated that only 40.6% and 28.1% of
patients reached a concentration of tigecy-
cline C 1 mg/l and 2 mg/l, respectively [42], it is
improbable to expect a superior clinical out-
come for high-dose tigecycline therapy. There-
fore, whether high-dose tigecycline could result
in better clinical outcomes than standard dose
or other alternatives in the treatment of S.
maltophilia pneumonia needs further scrutiny.
On the other hand, it should be noted that the
levofloxacin dose used in the present study
(500 mg twice daily) was higher than

Table 2 Clinical outcomes of patients with ventilator-associated pneumonia due to S. maltophilia receiving tigecycline or
fluoroquinolones

Outcomes All Tigecycline Fluoroquinolones p

Overall analysis

Clinical cure (n = 82) 38 (46.3%) 15 (32.6%) 23 (63.9%) 0.009

Microbiological cure (n = 57) 23 (40.4%) 10 (28.6%) 13 (59.1%) 0.045

28-Day mortality (n = 82) 32 (39%) 22 (47.8%) 10 (27.8%) 0.105

Subgroup analysis by excluding P. aeruginosa co-infection

Clinical cure (n = 72) 35 (48.6%) 14 (35%) 21 (65.6%) 0.019

28-Day mortality (n = 72) 30 (41.7%) 21 (52.5%) 9 (28.1%) 0.065

Subgroup analysis by excluding appropriate initial antibiotic therapy

Clinical cure (n = 70) 30 (42.9%) 15 (32.6%) 15 (62.5%) 0.032

28-Day mortality (n = 70) 27 (38.6%) 22 (47.8%) 5 (20.8%) 0.052
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recommended in clinical guidelines (750 mg
once daily) [23], although the former has also
been used in European countries in this way
[29]. Studies in patients with severe lower res-
piratory tract infections have indicated that
500 mg twice daily of levofloxacin was compa-
rable to 400 mg once daily moxifloxacin in PK/
PD profile, and both were superior to levo-
floxacin 500 mg and 750 mg once daily [43].
However, whether this superiority in PK/PD
contributed to the better clinical outcomes in
patients receiving fluoroquinolone is still
uncertain, as there were no patients using
levofloxacin 750 mg once daily in the present
study.

As it is well known that tigecycline is largely
used as the salvage therapy for pathogens that
are difficult to treat, it is rarely prescribed as an
empirical therapy for patients with suspected
VAP [17, 44]. By contrast, fluoroquinolones are
commonly recommended as empiric therapy
for VAP [23]. Combined with the nature of
extensive drug resistance of S. maltophilia
against most of the commonly used antibiotics
in the empiric therapy of VAP [7], a certain
proportion of patients treated with tigecycline
would have experienced the delayed appropri-
ate initial antibiotic therapy compared with
patients receiving fluoroquinolones. In the
present study, patients in the tigecycline group
all received tigecycline after the result of
antimicrobial susceptibility testing was known,

and only 14.6% of patients received appropriate
initial antibiotic therapy, all in the fluoro-
quinolones group. Therefore, it is reasonable to
speculate the lower clinical cure in tigecycline
therapy might be due to the delay in adequate
antibiotic therapy, as this has been well estab-
lished in other multidrug-resistant bacterial
infections [45–47]. However, when patients
receiving appropriate empiric antibiotic therapy
were excluded, the results did not change as
well, indicating that inappropriate empiric
antibiotic therapy cannot fully explain the lack
of efficacy in the tigecycline group. Apart from
the delayed use of appropriate antibiotics,
another factor that might diminish the effec-
tiveness of tigecycline is the relatively short
course of antibiotic therapy, as it is a bacterio-
static agent [35]. Although guidelines now all
recommend using a short course of antibiotic
therapy for VAP, the duration for non-fer-
menting gram-negative bacteria seems insuffi-
cient [23, 48]. A randomized trial compared a
7-day antibiotic therapy with a 10-day course
indicating that patients with VAP caused by P.
aeruginosa had a significantly higher 28-day
mortality in the 7-day course [49]. Other studies
also suggested that a longer course of antibiotic
therapy is required to successfully treat VAP
caused by multidrug-resistant gram-negative
bacteria [50, 51]. Therefore, a longer course of
tigecycline therapy for S. maltophilia VAP
determined by integrating biomarkers and

Table 3 Analysis of clinical cure and 28-day mortality in patients with ventilator-associated pneumonia due to S. mal-
tophilia receiving tigecycline or fluoroquinolones

Analysis (tigecycline vs. fluoroquinolones) Odds ratio (95% CI) p

Clinical cure

Crude unadjusted analysis 0.27 (0.10–0.67) 0.006

Multivariable logistic regression 0.32 (0.12–0.86) 0.026

Inverse probability of treatment weighted model 0.75 (0.61–0.93) 0.008

28-Day mortality

Crude unadjusted analysis 2.38 (0.96–6.23) 0.070

Multivariable logistic regression 1.64 (0.58–4.77) 0.355

Inverse probability of treatment weighted model 1.14 (0.93–1.39) 0.195
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clinical assessment might be beneficial but still
requires more evidence.

When interpreting the therapeutic effect of
tigecycline in the treatment of S. maltophilia
VAP, an important factor that needs to be con-
sidered is polymicrobial infection, as this
reportedly accounted for 54.4–73.3% of S. mal-
tophilia pneumonia in several studies
[4, 39, 52, 53]. In the present study, a similar
result was also demonstrated, as 70.7% of
patients were documented with polymicrobial
infection. The pathogens co-isolated with S.
maltophilia were consistent with these studies,
with A. baumannii, Enterobacteriaceae and P.
aeruginosa as the most frequently isolated.
Studies assessing the efficacy of tigecycline in
the treatment of other infections have shown
that tigecycline was associated with poorer
clinical outcomes compared with other antibi-
otics [54–56]. Importantly, P. aeruginosa is nat-
urally resistant against tigecycline [35].
Therefore, it is better not to recommend the use
of tigecycline in polymicrobial S. maltophilia
VAP, as the role of co-isolated pathogens in
clinical course is still unclear, despite the studies
that indicated no association between mortality
and polymicrobial infection [4, 39, 52]. Para-
doxically, the indication of using tigecycline to
treat S. maltophilia VAP in the present study is
usually the co-isolation of multidrug-resistant
or carbapenem-resistant bacteria. Before 2019,
the management strategies for these pathogens
in the participating centers were restricted to
tigecycline, double carbapenems and prolonged
infusion of carbapenem or high-dose sulbac-
tam, as polymyxins, minocycline, fosfomycin
and other new antibiotics were not available at
that time. Although we have implemented the
IPTW model in the statistical analysis, trying to
eliminate the indication bias, however, with the
small sample size and nature of the retrospec-
tive study, we cannot incorporate all factors in
the final analysis, especially the various resis-
tance profiles of the co-isolated bacteria, which
might ultimately influence the interpretation of
the results.

It is interesting to note that even with a
lower rate of clinical and microbiological cure
in patients receiving tigecycline, the 28-day
mortality was not statistically different from

that of patients receiving fluoroquinolones,
although the absolute risk difference was as
high as 20%. One possible explanation for this
observation could be that the severity of
underlying disease might contribute more to
death than S. maltophilia VAP itself [57, 58], as
patients developing S. maltophilia VAP shared
common features with patients at high risk of
death, like prolonged in-hospital stay and
mechanical ventilation and a higher severity
score of underlying disease [5, 52, 59–61].
Consistent results were also reported in other
studies, indicating that the mortality of S. mal-
tophilia pneumonia was independently associ-
ated with the severity of diseases (SOFA score)
rather than factors related to antibiotic therapy,
like a specific antimicrobial agent, appropriate
initial therapy or whether being part of combi-
nation therapy [4, 39, 52, 53]. Moreover, the
small sample size should also be considered
when interpreting the no statistical difference
in 28-day mortality, as the small sample in the
present study might not be sufficiently powered
to detect a difference between the groups and
turn out to be falsely negative, leading to a type
II error [62].

There are several limitations in this study.
First, we aimed to compare the effectiveness
between tigecycline and fluoroquinolones in
the treatment of VAP infected with S. mal-
tophilia, but were unable to remove the impact
of concomitant antibiotics on clinical out-
comes, especially the b-lactam/b-lactamase
inhibitors as they were reported to have around
50% susceptibility rate against S. maltophilia
isolates in China [15]. Therefore, it is difficult to
link clinical outcomes to one specific antibiotic.
Second, 70.7% of patients included in this study
had polymicrobial infection. Although patients
concomitantly infected with a pathogen that
was not susceptible to either antibiotic in the
combination regimen were excluded, the vari-
ous virulences and resistances of pathogens on
the individual level still complicate the inter-
pretation of the effectiveness of specific antibi-
otics in S. maltophilia VAP. Moreover, with the
meager rate of blood culture implemented in
the study cohort and different methods applied
for collecting respiratory secretions, we failed to
incorporate bacteremia and bacterial load in the
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final analysis. Third, because there were no
patients receiving tigecycline as the empirical
therapy for S. maltophilia VAP, we could not
analyze the effectiveness of appropriate empiric
therapy with tigecycline in these patients.
Finally, although we tried to address the con-
founding by the IPTW model, and adjusted for
variables through multivariable logistic regres-
sion, the small sample size prevents us from
adjusting all variables, especially those unmea-
sured confounding factors that exist because of
the nature of the multicenter observational
retrospective study, like the heterogeneity in
clinical practice, medical human resources and
experience of medical staff among these cen-
ters, which diminish the power of statistics.
Despite these limitations, this is the only study
specifically focused on the assessment of clini-
cal effectiveness of tigecycline in the treatment
of VAP due to S. maltophilia. The results could be
used as clinical evidence to support the choice
of antibiotic therapy in S. maltophilia VAP.

CONCLUSIONS

Therapy with the standard dose of tigecycline in
patients with VAP caused by S. maltophilia
resulted in a significantly lower clinical and
microbiological cure rate compared with treat-
ment with fluoroquinolones. Considering the
unfavorable clinical outcomes, we therefore
recommend against using the standard dose of
tigecycline in treating S. maltophilia VAP unless
new clinical evidence emerges.
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