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ABSTRACT

This study evaluated the clinical outcome of carbapenem-resistant Acinetobacter baumannii 
(CRAB) bacteremia and the clinical effectiveness of tetracyclines-based therapy. In a 
retrospective cohort study over 5 years period, 108 patients were included in the study. The 
overall 30-day mortality rate was 71.4%. Pitt’s bacteremia score (PBS) (adjusted hazard 
ratio [aHR], 1.32; 95% confidence interval [CI], 1.22–1.42 per 1-point), colistin-single 
regimens (aHR, 0.34; 95% CI, 0.17–0.69), and tetracyclines single/tetracyclines-colistin 
combination regimens (aHR, 0.18; 95% CI, 0.07–0.48) were independently associated with 
30-day mortality. Among patients with a PBS < 6, only tetracycline-containing regimens 
were associated with decreased mortality. Among patients receiving appropriate definite 
antimicrobials, the tetracyclines-colistin combination (7 of 7, 100%) tended to a higher 30-
day survival rate compared to a tetracycline (7 of 12, 57.1%) or colistin single regimen (10 of 
22, 41.6%, P = 0.073). Our findings suggest tetracyclines might be effective for treating CRAB 
infections when combined with colistin.

Keywords: Carbapenem-Resistance; Extensively Drug Resistant; Acinetobacter baumannii; 
Tetracyclines; Minocycline; Tigecycline

Acinetobacter baumannii is one of the most challenging organisms encountered in hospital-acquired 
infections.1,2 National surveillance data from the Republic of Korea show that more than 90% 
of clinical A. baumannii isolates have carbapenem resistance.3 Usually, carbapenem-resistant A. 
baumannii (CRAB) is only susceptible to polymyxin and certain tetracycline-class agents.4

To improve the clinical outcome of CRAB infection, combination antibiotic therapy has been 
investigated.1,4-6 The combination of colistin and tetracyclines has shown promising in vitro 
and in vivo activity against CRAB, but few clinical studies have evaluated its effectiveness.4,6-8 
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In this retrospective study, we evaluated the clinical outcome of patients with CRAB 
bacteremia and the effectiveness of tetracyclines-based therapy.

This study was conducted at Samsung Changwon Hospital, a 750-bed tertiary care academic 
hospital. From January 2016 through December 2020, adult patients (≥ 18 years of age) with 
documented CRAB bacteremia were retrospectively reviewed. Patients with polymicrobial 
bacteremia and those who were referred to other medical centers within 5 days after 
bacteremia onset were excluded. Data on antimicrobial use and patient characteristics were 
collected from electronic medical records. Appropriate definitive antibiotic use was defined 
when antibiotics susceptible to CRAB were administered for at least two days within seven 
days after bacteremia onset. All administered minocycline was in oral formulation (200 mg 
loading once, and then 100 mg twice daily).

The study outcome was the overall 30-day mortality. Treatment regimens were categorized 
into four groups: 1) those who never received appropriate antibiotics, 2) those who received 
colistin-single regimens (excluding tetracyclines), 3) those who received tetracycline-
containing regimens (with or without colistin), and 4) those who received carbapenem 
combination regimens. Due to the high mortality rate associated with CRAB infection, 
as reported in prior studies,9 we conducted additional subgroup analyses. The subgroup 
analysis was designed to include low-risk patients with CRAB bacteremia based on risk 
factors identified in the study population.

Blood was drawn for two sets of blood culture bottles and incubated in the A Bactec-9240 
system (Becton, Dickinson, and Co., Franklin Lakes, NJ, USA) or BacT/Alert 3D system 
(bioMérieux Inc., Marcy l’Etoile, France). Antimicrobial susceptibility tests were performed 
with a Vitek II automated system (bioMérieux Inc.) according to the Clinical and Laboratory 
Standards Institute M100 S16:2018 guidelines.

All statistical analyses were performed using the Statistical Package for the Social Sciences 
(SPSS), version 25.0 for Windows (IBM Corp., Armonk, NY, USA) and R software (version 
4.2.1; R Foundation for Statistical Computing, Vienna, Austria). Cox regression analysis was 
conducted for evaluating the association between variables and overall 30 days mortality. 
Variables with stastical significance in the univariate analysis were included in the forward 
stepwise and non-stepwise multivariable model. All P values were two-tailed, and P < 0.05 
was considered to be statistically significant.

A total of 108 eligible patients with CRAB bacteremia were included (Supplementary Fig. 1).  
The overall seven- and 30-day mortality rates were 60.2% (65/108) and 70.9% (76/108), 
respectively. Only 39.8% (43/108) of patients could receive appropriate definite antimicrobials. 
Specific treatment regimens and antimicrobial susceptibility of CARB isolates were presented 
in Supplementary Tables 1 and 2, respectively. In the univariable analysis for overall 30-day 
mortality, pulmonary infection, intra-abdominal and hepatobiliary infection, Updated 
Charlson comorbidity index (CCI), disease severity, Pitt’s bacteremia score (PBS), and 
treatment regimen were associated with 30-day mortality (Table 1). Especially, the mortality of 
patients with a PBS ≥ 6 was 96.7% (58/60).

In the multivariable model, a higher PBS (adjusted hazard ratio [aHR], 1.32 per 1 point; 
95% confidence interval [CI], 1.22–1.42; P < 0.001) was associated with higher overall 
30-day mortality. Colistin-single regimens (aHR, 0.34; 95% CI, 0.17–0.69; P = 0.003) and 
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tetracycline-containing regimens (aHR, 0.18; 95% CI, 0.07–0.48; P = 0.001 in forward 
stepwise model) were associated with lower mortality (Supplementary Table 3).

Because of the extremely high mortality of patients with high PBS, the subgroup analysis was 
conducted among patients with a PBS < 6. In the multivariable analysis, only tetracyclines-
containing regimens were associated with decreased mortality (aHR, 0.23; 95% CI, 0.05–
0.99; P = 0.048 in forward stepwise model) (Supplementary Tables 4 and 5).

When patients who received appropriate definitive antimicrobial agents were compared by 
antimicrobial regimens, the survival rate of patients treated with the tetracyclines-colistin 
combination (7 of 7, 100%) tended to a higher 30-day survival rate compared to a tetracycline 
(7 of 12, 57.1%) or colistin single regimen (10 of 22, 41.6%, P = 0.073) (Fig. 1).

Our study demonstrated extremely high early mortality of patients with CRAB bacteremia. 
We found that tetracycline-containing regimens were independently associated with 
decreased 30-day mortality, particularly among patients with a low Pitt's bactermia score. 
Although the difference did not reach statistical significance, the tetracycline-colistin 
combination tended to have a higher 30-day survival rate than either antibiotic used alone. 
Our findings suggest that tetracyclines may be a valuable option for treating CRAB infections, 
particularly when combined with other antibiotics.
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Table 1. Associated factors with overall 30-day mortality
Variables All (N = 108) 30-day survivor 

(n = 32)
30-day mortality 

(n = 76)
HR (95% CI) P values

Age 67 (58–75) 66 (60.25–75) 68 (58.25–77) 1.01 per 1-yr (0.99–1.03) 0.430
Sex (male) 60 (55.6) 16 (50.0) 44 (57.9) 1.12 (0.72–1.78) 0.605
Portal of entry

Primary or Unknown 2 (1.9) 0 (0.0) 2 (2.6) 3.44 (0.83–14.24) 0.088
Urinary tract 5 (4.6) 2 (6.3) 3 (3.9) 0.75 (0.24–2.39) 0.630
Central-venous-catheter-related 22 (20.4) 6 (18.8) 16 (21.1) 0.93 (0.54–1.61) 0.793
Pulmonary 59 (54.6) 10 (31.3) 49 (64.5) 2.25 (1.39–3.64) 0.001
Intra-abdominal or hepatobiliary 13 (12.0) 10 (31.3) 3 (3.9) 0.20 (0.06–0.62) 0.006
Soft tissue 6 (5.6) 3 (9.4) 3 (3.9) 0.495 (0.16–1.57) 0.495
Others 1 (0.9) 0 (0.0) 1 (1.3) NA NA

Underlying diseases
Diabetes mellitus 32 (29.6) 9 (28.2) 23 (30.3) 0.89 (0.55–1.46) 0.912
Hypertension 35 (32.4) 10 (6.3) 25 (32.9) 1.12 (0.70–1.81) 0.693
Updated CCI 2 (1–4) 2 (0–3) 2 (1–4) 1.10 per 1-point (1.00–1.20) 0.042

Severity
Presence of sepsisa < 0.001

Non-sepsis 24 (22.2) 16 (50) 16 (21.1) Ref.
Sepsis 16 (14.8) 9 (28.2) 7 (9.2) 1.33 (0.48–3.65)
Septic shock 68 (63.0) 7 (21.9) 61 (80.3) 6.13 (2.90–12.96)
Pitt bacteremia score 6 (2–9) 1 (0–4) 7 (6–10) 1.37 per 1-point (1.27–1.48) < 0.001

Treatment regimens
Never received appropriate drug 65 (60.2) 7 (21.9) 58 (76.3) 5.43 (3.13–9.43) < 0.001
Appropriate early empirical therapy (within 48 hr) 13 (12.0) 7 (21.9) 6 (7.9) 0.20 (0.12–0.35) < 0.001
Colistin-single regimensb 21 (19.4) 9 (28.2) 12 (15.8) 0.49 (0.25–0.87) < 0.001
Tetracyclines-containing regimensc 19 (17.6) 14 (43.8) 5 (6.6) 0.19 (0.08–0.48) < 0.001
Other regimensd 3 (2.8) 2 (6.3) 1 (1.3) 0.31 (0.04–2.21) 0.306
Carbapenem combination 21 (19.4) 9 (28.1) 12 (15.8) 0.49 (0.26–0.91) 0.023

Values are presented as median (interquartile range) or number (%).
CCI = Charlson comorbidity index, HR = adjusted hazard ratio, CI = confidence interval.
aNon-sepsis, sepsis, and septic shock were classified by the Third International Consensus Definitions for Sepsis and Septic Shock (Sepsis-3); bColistin-containing 
regimen (excluding tetracyclines); cTetracycline-containing regimens (with or without colistin, ten patients received tigecycline and nine received minocycline); 
dTwo patients received quinolones, and one patient received gentamicin.



To overcome the resistance to CRAB, alternative or combination therapy has been studied.5-10 
Colistin-carbapenem combination therapy was frequently prescribed for patients with 
CRAB infection;5 however, an open-labeled randomized controlled trial did not show 
the superiority of colistin-carbapenem combination treatment compared to colistin 
monotherapy for carbapenem-resistant gram-negative bacilli infection (including in 77% of 
infections caused by A. baunannii).9

Occasionally, clinical CRAB isolates retain susceptibility to tetracyclines.1,11 National 
surveillance data from South Korea in 2017 indicated that < 10% of A. baumannii isolates 
from clinical specimens were resistant to tigecycline or minocycline.3 Although tigecycline 
has been widely used for the infection of drug-resistant pathogens, including CRAB,12 there 
are concerns about its monotherapy. One concern is potential adverse clinical outcomes 
determined from a meta-analysis, and the other is low serum concentration.1 Meanwhile, 
minocycline has been highlighted as a promising drug. The efflux pumps (TetA, except for 
the TetB) distributed in A. baumannii can effectively transport tetracycline or doxycycline out of 
the cells, but not minocycline.13 However, limited data have been reported on the efficacy of 
minocycline from a few observational studies with CRAB infection.1,13

Because of the limitations of using tigecycline and minocycline as monotherapies, these 
agents have been investigated as a component of combination therapy. Tigecycline and 
minocycline have been shown to have synergistic effects for A. buamannii when combined 
with colistin in vitro14,15; however, a retrospective study of patients with CRAB bacteremia did 
not show a difference in overall 30-day mortality between colistin–tigecycline combination 
and colistin monotherapy.7 Clinical data for minocycline combination therapy are also 
scarce. Seok et al.6 reported that minocycline-containing regimens were associated with 
improved microbiological eradication (but not survival rate) for CRAB infection. In our study, 
carbapenem combination therapy did not correlate with the clinical outcomes of patients 
with CRAB bacteremia. However, tetracyclines-containing regimens, especially tetracyclines-
colistin combination therapy, were associated with lower 30-day mortality. The mechanism of 
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tetracyclines-colistin synergism was presumed to be the increased intracellular concentration 
of second agents by colistin effects, increasing membrane permeability.8

There are some limitations of this study. First, the number of patients receiving appropriate 
antibiotics was relatively small. However, our study analyses consistently showed an 
association between tetracyclines use and improved clinical outcomes. Our study could be 
a pilot study supporting the use of tetracyclines for CRAB infection. Second, the outcomes 
of CRAB bacteremia could be heterogeneous according to the portal of entry. For example, 
among 17 patients with CRAB bacteremic pneumonia in this study, only two patients (11.8%) 
received tetracycline-containing regimens, and one patient treated with tigecycline single 
therapy was deceased. Therefore, we could not conclude the effectiveness of tetracyclines-
based therapy in pneumonia from our study. Further studies on tetracyclines are needed to 
evaluate their efficacy for CRAB according to infection focus.

In conclusion, our study showed the clinical usefulness of tetracyclines for CRAB infection, 
especially for low-risk patients, when used in combination with colistin.

Ethics statement

The study was approved by the institutional review board (IRB) of Samsung Changwon Hospital 
(IRB number: SCMC 2022-01-006-002). The need for informed consent was waived by the 
board because this was an observational retrospective study, and all patient data were analyzed 
anonymously.
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