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Abstract

Objective: To compare outcomes and prognostic factors of tigecycline (TC)-based treatment

with those of other antibiotic-based treatments in the treatment of hospital-acquired pneumonia

caused by multidrug-resistant Acinetobacter baumannii (MDRAB).

Methods: A retrospective analysis of data was performed from all patients �18 years who were

treated in the ICU at Xiangya Hospital, Changsha, China (January 2016 to June 2017) with

hospital-acquired pneumonia involving monomicrobial MDRAB. Patients were separated into

TC and non-TC groups.

Results: Of 86 MDRAB-positive patients, 59 were in the TC group and 27 were in the non-TC

group. The 28-day death rates were not significantly different between the two groups, but the

TC group had significantly more patients with a good clinical prognosis than the non-TC group.

Although prognostic markers for a poor clinical response were sepsis, procalcitonin concentra-

tion and APACHE II scores, TC therapy was found to be a protective factor.

Conclusions: TC based therapy was associated with a positive clinical response in the treatment

of MDRAB caused hospital-acquired pneumonia. Further studies are required to confirm our

results.
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Introduction

Pneumonia caused by multidrug-resistant

Acinetobacter baumannii (MDRAB) often

leads to prolonged hospitalization, increased

treatment costs and high death rates.1–3

Moreover, hospital-acquired A. baumannii

infection rates have increased rapidly in

recent years, particularly in intensive care

units (ICU), possibly because of the high

prevalence of MDRAB strains.1,4–7

Tigecycline (TC) is a glycylcycline anti-

biotic developed to address the globally

emerging crisis of antibiotic resistance; it

was first approved for clinical use in

2005.8,9 Although clinical data on TC are

sparse and its effects are often modified by

other concurrently used antibiotics,10–12 in

vitro analyses have shown that TC has anti-

bacterial activity against A. baumannii.13–15

Susceptibility testing has also demonstrated

that TC can be used for the treatment of

drug-resistant bacteria.16, Indeed, some ret-

rospective studies involving small sample

sizes have shown that TC is effective in

MDRAB nosocomial and hospital acquired

pneumonia.16,17 However, studies compar-

ing the clinical efficacy of TC with other

antibiotics in the treatment of MDRAB

infection in patients with hospital-acquired

pneumonia are few and prognostic indica-

tors have not been defined.
The aim of this retrospective study was

to evaluate outcomes and prognostic risk

factors of TC-based treatment by compari-

son with those of other antibiotic-based

treatments in the treatment of hospital-

acquired pneumonia caused by MDRAB.

Patients and methods

This retrospective study included all
patients �18 years who were consecutively
admitted to the ICU at Xiangya Hospital,
Central South University, Changsha, China
between January 2016 and June 2017 with
hospital-acquired pneumonia involving
monomicrobial MDRAB. Patient data
were collected from the hospital’s electronic
medical records system. The study was
approved by the Ethics committee of
Xiangya Hospital, Central South
University and because of the study’s retro-
spective design, there was no requirement
for patients’ informed consent.

Hospital-acquired pneumonia was
defined as pneumonia that occurred 48h or
more after admission.18,19 MDRAB was
defined as the A. baumannii isolate was resis-
tant to representative antibiotics from at
least three different classes of antimicrobial
agents such as aminoglycosides, b-lactams,
quinolones, and/or tetracyclines.19

Depending on their antibiotic treatment,
patients were separated into a ‘TG’ and a
‘non-TG’ group. Patients in the TG group
had received TG alone or in combination
with other antibiotics. TG had been admin-
istered for five days with a 100mg IV load-
ing dose followed by 50mg IV every 12h.
Patients in the non-TG group had received
carbapenem-based (i.e., imipenem-cilastatin,
500mg IV every 6h or meropenem, 1 g IV
every 8 h) and/or cefoperazone/sulbactam-
based (i.e., 3g IV every 8 h for at least five
days) regimens.

Baseline demographic data, laboratory
test results, Acute Physiology and Chronic
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Health Evaluation II (APACHE II)

scores,20 Glasgow Coma Scale (GCS)

scores21 and presence of sepsis were

recorded. The diagnosis of sepsis had been

made according to established criteria.22

Other risk factors recorded were: antibiotic

use in the previous three months; bedsores;

mechanical ventilation, urethral and/or

deep vein catheterisation; immunosuppres-

sive drug use; sepsis; primary infection site;

mixed infections; treatment details; length

of hospitalization; ICU duration; death;

microbial and clinical outcomes.
Clinical prognosis at the end of treat-

ment was defined as good (complete or

partial resolution of symptoms/signs of

infection) or poor (no improvement or dete-

rioration of signs/symptoms of infection).

Primary bacteraemia was defined as bacter-

aemia associated with catheter-related

infections, whereas secondary bacteraemia

was defined as bacteraemia that developed

subsequent to the primary infection.23

Statistical analyses

Data were analysed using the Statistical

Package for Social Sciences (SPSSVR ) for

WindowsVR release 22.0 (IBM Corp.,

Armonk, NY, USA). All tests were

two-sided and a P-value <0.05 was consid-

ered to indicate statistical significance.

Quantitative data were expressed as

median and interquartile range and were

analysed using the Mann-Whitney test.

Numerical data were expressed as a per-

centage and were analysed using the v2

test. Odd ratios (ORs) and 95% confidence

intervals (CIs) were calculated for all poten-

tial risk factors for poor prognosis. All var-

iables were included in the univariate

analysis and those with a P value of 0.05

were included in a logistic regression model

for multivariate analysis.

Results

Of the 86 MDRAB-positive patients with
hospital-acquired pneumonia that were
identified for the study, 59 were in the TC
group and 27 were in the non-TC group. In
terms of baseline demographic data, there
were no significant differences between
groups in median age, sex and concomitant
diseases, apart from coronary heart disease
which was significantly more prevalent in
the TC group (51% vs. 26%, P¼ 0.03;
Table 1).

There were also no differences between
groups in baseline risk factors. These
included: the proportion of patients who
had used antibiotics in the previous three
months; occurrence of bedsores; mechanical
ventilation use (approximately 90% of
patients); patients who underwent deep
vein catherization; long-term immunosup-
pressive drug use (Table 2). However,
fewer patients in the non-TC group had
urethral catherization compared with the
TC group (82% vs. 97%; P¼ 0.029).

Although there were no significant
differences between the two groups in the
incidence of fever, disease severity (i.e.,
APACHE II and GCS scores) and most
baseline laboratory measures, patients in
the non-TC group had higher median
serum creatinine levels compared with
the TC group (86 vs 68 mmol/l, P¼ 0.032;
Table 3). Furthermore, sepsis was more
common in the TC group than the non-
TC group (61% vs. 22%, P¼ 0.001).

Pre-treatment microbial records showed
that the respiratory tract was the most
common site of primary infections in both
groups (Table 4). However, primary bacter-
aemia (defined as catheter related) was
more common in the TC group compared
with the non-TC group (29% vs. 7%).
In addition, co-infection with other bacteria
or fungi was present in most patients
from both groups. Patients in the TC
group showed a higher prevalence of
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Candida albicans co-infection and patients
in the non-TC group patients had a higher
prevalence of Pseudomona aeruginosa co-
infection (P¼ 0.026) (Table 4).

In terms of outcomes following treatment
of MDRAB caused hospital-acquired pneu-
monia, the median duration of treatment
was shorter for the TC group compared
with the non-TC group (12 vs. 14 days,
P¼ 0.047) but the proportion of patients

that required a change in antibiotic therapy
was significantly greater in the TC group
compared with the non-TC group (25 vs 9;
P¼ 0.025; Table 5). However, there were no
significant differences between groups in
28-day death rates, duration of hospital or
ICU stay. For microbial outcome, the non-
TC group had a higher A. baumannii clear-
ance rate than the TC group (19% vs. 3%,
P¼ 0.029). Nevertheless, the TC group had

Table 2. Pre-treatment risk factors of patients with hospital-acquired pneumonia involving multidrug-
resistant A. baumannii.

Risk Factors

Total Number

of patients

(N¼ 86)

Groups

TC group

(n¼ 59)

non-TC group

(n¼ 27)

Statistical

significance

Antibiotics used in previous 90 days 81 (94) 56 (95) 25 (93) ns

Bedsores 33 (38) 22 (37) 11 (41) ns

Invasive mechanical ventilation 77 (90) 53 (90) 24 (89) ns

Urethral catherization 79 (92) 57 (97) 22 (82) P¼ 0.029

Deep vein catheterization 32 (37) 25 (42) 7 (26) ns

Long-term immunosuppressives 7 (8) 4 (7) 3 (11) ns

Values are shown n (%)

TC, Tigecycline, ns, not significant.

Table 1. Pre-treatment demographic characteristics of patients with hospital-acquired pneumonia involving
multidrug-resistant A. baumannii.

Demographic

characteristics

Total Number

of patients

(N¼ 86)

Groups

Statistical

significance

TC group

(n¼ 59)

non-TC group

(n¼ 27)

Age, years 69 (59,77） 69 (59,78） 69 (59,75) ns

Sex

Male 46 (53) 32 (54) 14 (52) ns

Female 40 (47) 27 (46) 13 (48)

Concomitant diseases

Coronary heart disease 37 (43) 30 (51) 7 (26) P¼ 0.03

Diabetes 40 (47) 29 (49) 11 (41) ns

COPD 71 (83) 50 (85) 21 (78) ns

Chronic kidney disease 12 (14) 6 (10) 6 (22) ns

Malignant tumours 4 (5) 2 (4) 2 (7) ns

Values are shown as median (interquartile range) or n (%)

TC, Tigecycline; COPD , Chronic obstructive pulmonary disease, ns, not significant.
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more patients with improved clinical
symptoms than the non-TC group (73%
vs. 48%, P¼ 0.026). Interestingly, approxi-
mately 50% of patients in each group had a
poor response (Table 5).

Univariate logistic regression analysis
showed that predictors of a poor clinical
prognosis were procalcitonin concentra-
tion, blood urea nitrogen concentration,
sepsis, and APACHE II scores. As these

Table 3. Pre-treatment clinical characteristics of patients with hospital-acquired pneumonia involving
multidrug-resistant A. baumannii.

Clinical characteristics

Total Number

of patients

(N¼ 86)

Groups

Statistical

significance

TC group

(n¼ 59)

non-TC group

(n¼ 27)

Fever（>38.5�C） 48 (56) 29 (51) 19 (70) P¼ 0.066

Laboratory measures

White blood cells,� 109/l 11.6 (10.3,14.5) 11.6 (10.4,14.6) 11.0 (9.9,14.4) ns

C-reactive protein, mg/l 47.5 (28, 73) 49 (29,76) 47 (26, 66) ns

Procalcitonin, ng/ml 0.7 (0.4, 2.9) 0.7 (0.4, 2.4) 0.9 (0.3, 4.1) ns

Serum albumin, g/l 28.8 (23.9, 34.0) 29.1 (23.9, 33.8) 27.9 (22.8, 34.8) ns

Blood urea nitrogen, mmol/l 7.8 (6.4, 11.1) 7.9 (6.5, 10.7) 7.8 (5.7, 12.3) ns

Serum creatinine, mmol/l 76 (62, 101) 68 (60, 97) 86 (68, 118) P¼ 0.032

Disease severity

Sepsis 43 (49) 36 (61) 6 (22) P¼ 0.001

GCS score 11 (8, 13) 11 (9, 13) 11 (8, 14) ns

APACHE II score 15 (11, 19) 15 (11, 20) 13 (10, 18) ns

Values are shown as median (interquartile range) or n (%)

TC, Tigecycline, GCS, Glasgow Coma score; APACHE II score, acute physiology and chronic health evaluation II score, ns,

not significant.

Table 4. Pre-treatment microbial characteristics of patients with hospital-acquired pneumonia involving
multidrug-resistant A. baumannii.

Microbial

characteristics

Total Number

of patients

(N¼ 86)

Groups

Statistical

significance

TC group

(n¼ 59)

non-TC group

(n¼ 27)

Primary infection site

Catheter-related 19 (22) 17 (29) 2 (7) P¼ 0.049

Respiratory tract 58 (67) 35 (59) 23 (85)

Other 9 (11) 7 (12) 2 (7)

Mixed infections

Candida albicans 34 (40) 29 (49) 5 (19) P¼ 0.026

Pseudomonas aeruginosa 31 (36) 18 (31) 13 (48)

Other 21 (24) 12 (20) 9 (33)

Values are shown as n (%)

TC, Tigecycline.
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variables were not co-linear, a multivariate

logistic regression analysis was applied to

the data to determine whether they inde-

pendently affected the clinical prognosis.

Results showed that sepsis (OR, 8.48),

increased PCT concentration (OR, 1.11),

and increased APACHE II scores (OR,

1.12) were risk factors associated with a

poor clinical prognosis for patients with

MDRAB related hospital-acquired pneu-

monia. In comparison, TC therapy was a

protective factor (OR¼ 0.08) (Table 6).

Discussion

A. baumannii is a non-fermenting, gram-

negative bacillus that is widely distributed

in the hospital environment and can survive

on artificial surfaces for long periods.24

Accordingly, the pathogen is responsible

for a significant percentage of hospital-

acquired infections.24 Strains of A. bauman-

nii often display high levels of drug resis-

tance, achieved via the expression of

antibiotic-inactivating enzymes and muta-

tion of antibiotic targets, which present a

significant challenge for the control and
treatment of this pathogen.24 Although
immunotherapy-based treatments for A.
baumannii infection have shown promising
activity,25,26 their potential therapeutic use
remains to be determined. Treatment of A.
baumannii infections typically include con-
trol measures aimed at reducing the inva-
sive spread of infection. The antibiotic,
TC has been shown to have activity against
multidrug-resistant Acinetobacter species.27

Moreover, a study from nine cities in
China demonstrated that a majority of
A. baumannii isolates were susceptible to
TC.28 However, while some studies have
found that TC can be used successfully in
hospital hospital-acquired pneumonia
caused by MDRAB infection,29 others
have found that the clinical outcomes fol-
lowing TC treatment were suboptimal.17 In
addition, controversy exists regarding all-
cause mortality rates and tissue concentra-
tion levels associated with TC.30,31

The findings of this retrospective review
of cases showed that while the 28-day death
rates, length of ICU and hospital stay were

Table 5. Outcomes following treatment for hospital-acquired pneumonia involving multidrug-resistant
A. baumannii.

Outcomes

Total Number

of patients

(N¼ 86)

Groups

Statistical

significance

TC group

(n¼ 59)

non-TC group

(n¼ 27)

Treatment for HAP

Antibiotic usage time# 12 (8, 18) 12 (7, 16） 14 (11, 19） P¼ 0.047

Switch to other antibiotics 34 (40) 25 (42) 9 (33) P¼ 0.025

Died within 28 days 23 (27) 15 (25） 8 (30) ns

Length of hospital stay, days 15 (12, 19) 12 (7, 18） 14 (11, 19) ns

ICU duration, days 12 (9, 15) 12 (7, 16) 14 (11, 19) ns

Microbial and clinical outcomes

Pathogen clearance 7 (8) 2 (3) 5 (19) P¼ 0.029

Good (complete/partial response)* 56 43 (73) 13 (48) P¼ 0.026

Poor (no improvement/worsened) 30 16 (48) 14 (52) ns

Values are shown as median (interquartile range) or n (%)
#Total duration of antibiotic use

*Improvement resulting from all antibiotics used

TC, Tigecycline; HAP, hospital-acquired pneumonia, ns, not significant.
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Table 6. Univariate and multivariate analyses of predictors for a poor clinical response following antibiotic
treatment of hospital-acquired pneumonia involving multidrug-resistant A. baumannii.

Univariate analysis Multivariate analysis

Risk Factors

Odds Ratio

(95% CI)

Statistical

significance

Odds Ratio

(95% CI)

Statistical

significance

Age 1.03 (0.99, 1.08) ns

Sex 0.99 (0.41, 2.41) ns

Concomitant diseases

Coronary heart disease 0.54 (0.21, 1.35) ns

Diabetes 1.24 (0.51, 3.02) ns

COPD 1.09 (0.33, 3.53) ns

Chronic kidney disease 2.08 (0.61, 7.14) ns

Malignant tumours 1.93 (0.26, 14.43） ns

Duration of the antibiotics 1.00 (0.93, 1.08) ns

Duration of hospital stay 0.99 (0.88, 1.05) ns

Duration of ICU stay 0.93 (0.84, 1.03) ns

Pre-treatment risk factors

Antibiotics used in previous 90 days 0.79 (0.13, 5.02) ns

Bedsores 0.45 (0.17, 1.18)) ns

Mechanical ventilation 2.00 (0.39, 10.30) ns

Urethral catherization 0.69 (0.14, 3.32) ns

Deep vein catheterization 0.49 (0.18, 1.28) ns

Long-term immunosuppressive 0.28 (0.03, 2.51) ns

Fever（>38.5�C） 2.51 (0.98, 6.42) ns

Laboratory tests

White blood cell count 0.91 (0.79, 1.05) ns

C-reactive protein 1.01 (1.00, 1.03) ns

Procalcitonin 1.10 (1.01, 1.20) 0.024 1.11 (1.00, 1.22) P¼ 0.049

Serum albumin 1.04 (0.96, 1.11) ns

Blood urea nitrogen 1.12 (1.01, 1.24) 0.034 1.11 (0.90, 1.25)

Serum creatinine 1.01 (1.00, 1.02) ns

Severity

Sepsis 3.09 (1.22, 7.83) 0.017 8.48 (1.71, 42.00) P¼ 0.009

GCS score 0.88 (0.76,1.02) ns

APACHE II score 1.08 (1.01, 1.17) 0.037 1.12 (1.03, 1.23) P¼ 0.011

Primary infection site

Catheter-related 1.62 (0.26, 10.23) ns

Respiratory tract 2.14 (0.41, 11.23) ns

Other

Mixed infections

Candida albicans 0.78 (0.25, 2.42) ns

Pseudomonas aeruginosa 0.89 (0.28, 2.82) ns

Treatment for MDRAB caused HAP

Tigecycline 0.35 (0.13, 0.89) 0.028 0.08 (0.02, 0.43) P¼ 0.03

Antibiotics switch 0.83 (0.33, 2.07) ns

Pathogen clearance 0.29 (0.03, 2.51) ns

TC, Tigecycline; COPD, Chronic obstructive pulmonary disease; ICU, intensive care unit; GCS, Glasgow Coma score;

APACHE II score, acute physiology and chronic health evaluation II score; HAP, hospital-acquired pneumonia; MDRAB,

multidrug-resistant Acinetobacter baumannii, ns, not significant.
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not significantly different between the two
groups, the TC group had a better long-
term clinical prognosis compared with
the non-TC group. Nevertheless, the non-
TC group showed a higher pathogen clear-
ance rate compared with the TC group.
Interestingly, significantly more patients in
the TC group than in the non-TC group
had switched their antibiotics. The observed
lack of efficacy of TC in this current study
may have been influenced by the fact that
the majority of patients were in the terminal
stages of severe infection prior to the
administration of TC, and that TC was
most likely used as a last-line antibiotic.
We speculate that an increased dose of TC
may have increased its efficacy, which is
supported by the findings of a study in
patients with ventilator-associated pneumo-
nia who tended to have better clinical out-
come if they were treated with a high-dose
regimen of TC.9

Although there were no differences
between groups in procalcitonin levels and
APACHE II scores, multivariate analysis
showed that both these factors were prog-
nostic markers for a poor clinical response.
In addition, sepsis, which was more
common in the TC group, and TC treat-
ment were also prognostic markers for a
poor clinical response in hospital-acquired
pneumonia caused by MDRAB.
Interestingly, antibiotic switch and patho-
gen clearance were non-significant prognos-
tic factors

Further studies are required to evaluate
our findings which were probably influ-
enced by the retrospective design of the
study based on information from patients
who were receiving multidrug based TC
regimens. Other limitations of our study
included its small sample size, single centre
design and the imbalance in study group
numbers; more than twice as many patients
were in the TC group compared with the
non-TC group. More multicentre, prospec-
tive, controlled studies involving large

number of patients are needed to examine
the long-term efficacy and safety of TC for
the treatment of hospital-acquired pneumo-
nia caused by MDRAB.

In summary, our results show that TC
based therapy was associated with a posi-
tive clinical response in the treatment of
MDRAB caused hospital-acquired pneu-
monia and should perhaps be considered
for use in severe cases as a last-line antibi-
otic as part of combination therapy.
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