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Tetracyclines for treating multidrug-resistant
Acinetobacter baumannii ventilator-associated
pneumonia

Abstract Objective: To report the
use of tetracyclines for the treatment
of multidrug-resistant Acinetobacter
baumannii ventilator-associated
pneumonia (VAP). Design: Observa-
tional case series. Setting: The Pre-
sley Regional Trauma Center located
within the Regional Medical Center,
Memphis, Tennessee, USA. Patients
and participants: Seven critically ill
trauma patients with VAP caused by
A. baumannii isolates that were re-
sistant to all antibiotics tested except
for doxycycline or minocycline.
Interventions: Patients were treated
with IV doxycycline or minocycline
for an average of 13.5 (range 9-20)
days. Measurements and results:
Doxycycline or minocycline was
successful in six of seven patients.
Conclusions: Doxycycline or mino-
cycline may be effective for treating
multidrug-resistant A. baumannii
VAP.
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Introduction

tion of agents for treating isolates that are resistant to
both carbapenems and sulbactam. For such isolates, tet-
racyclines may be a viable treatment option based on

Critically ill patients who develop ventilator-associated
pneumonia (VAP) experience increased morbidity and
mortality [1]. In particular, Acinetobacter baumannii is a
common cause of late onset VAP in some centers where
it is associated with a high mortality rate [1]. Imipenem
or meropenem are generally considered the drugs of
choice for A. baumannii; however, resistance to these
agents is increasing [2]. Recent data suggest that the
sulbactam component of ampicillin-sulbactam is clini-
cally effective against some carbapenem-resistant iso-
lates [3]; however, there are few data to guide the selec-

good in vitro activity in some centers and success in an
animal model of A. baumannii pneumonia [2, 4]. Recent-
ly, we used minocycline or doxycycline to treat seven
patients with VAP caused by A. baumannii isolates that
were resistant to all other antibiotics. This is the first re-
port describing the use of tetracyclines for the treatment
of multidrug-resistant A. baumannii VAP.
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Table 1 Clinical characteristics. 2 Acute physiology and chronic
health evaluation II, determined on the day of ventilator-asso-
ciated pneumonia (VAP) development; Porganisms that grew
>105 CFU/ml with days of mechanical ventilation prior to bron-
choalveolar lavage (BAL); S sensitive, / intermediate sensitivity;

R resistant; ©sensitivity to: T7CN doxycycline or minocycline,
Imi imipenem, Sulb sulbactam, Amik amikacin; MVA motor vehi-
cle accident; TBSA total body surface area; A. baumannii Acineto-
bacter baumannii; P. aeruginosa Pseudomonas aeruginosa,
S. maltophilia Stenotrophomonas maltophillia

Patient Age Initial injuries APACHE Il  Baseline BAL Selected sensitivities® Agent
(years) score? culture (days)P TCN/Imi/Sulb/Amik
1 30 Gunshot wound to face 17 A. baumannii (15) S 1 R R Minocycline
24 Stab wounds to chest, abdomen 13 A. baumannii (7) S R R R Minocycline
3 20 MVA: facial fractures, 13 A. baumannii (13) S R R R Doxycycline
pulmonary contusion
4 49 Gunshot wound to face 14 A. baumannii (16) S R R R Minocycline
P. aeruginosa
S. maltophilia
5 69 Severe traumatic brain injury 18 A. baumannii (14) S R I R Doxycycline
6 44 MVA: pulmonary contusion, 14 A. baumannii (19) S R R R Minocycline
abdominal injuries
7 17 MVA: 45% TBSA burn, 31 A. baumannii (7) S R R R Doxycycline

long bone fractures

Materials and methods

Patients were identified by a retrospective review of an existing
database of late-onset VAP. All patients were cared for in the
intensive care unit of the Presley Regional Trauma Center at the
Regional Medical Center, Memphis, Tennessee between January
and December 1998. The diagnosis of VAP required bacterial
growth of >103 colony forming units (CFU)/ml from a diagnostic
bronchoalveolar lavage (BAL) in addition to fever, leukocytosis or
leukopenia, macroscopically purulent sputum, and new or chang-
ing infiltrate on chest radiograph [5]. Organisms were identified
by the hospital microbiology laboratory using the Vitek system
(bioMerieux, Hazelwood, MO, USA). Antimicrobial susceptibility
of A. baumannii isolates was performed by the hospital microbiol-
ogy laboratory using a disk diffusion method (Becton Dickinson
Microbiology Systems, Cockeysville, MD, USA).

Treatment was considered successful if A. baumannii was ab-
sent from a follow-up BAL culture and the patient improved clini-
cally. For patients without a follow-up BAL, treatment was con-
sidered successful if the patient improved clinically and survived
until discharge from the hospital. Treatment was considered a fail-
ure if the patient died from complications of A. baumannii VAP or
had persistent A. baumannii VAP on a follow-up BAL without
clinical improvement. Based on previous data from our unit,
cefepime and vancomycin were administered as empiric therapy to
all patients pending the final BAL culture and sensitivity report
[5]. A follow-up BAL was performed only when clinically indicat-
ed to rule out persistent or new VAP.

Results

Clinical characteristics, microbiological data, and
outcomes of seven patients with multidrug-resistant
A. baumannii VAP are summarized in Tables 1 and 2.
All patients required mechanical ventilation for at
least 7 days prior to diagnosis of VAP. All patients
were male. One patient (patient 1) with growth of
A. baumannii 10*-105 CFU/ml from BAL received

definitive treatment for VAP because of concomitant
A. baumannii bacteremia and the severity of clinical
signs and symptoms.

All Acinetobacter isolates were identified as A.
baumannii. Five isolates were found to be fully resistant
to all agents except minocycline and doxycycline. The
two remaining isolates were similar except for interme-
diate resistance to imipenem in one (patient 1), and inter-
mediate resistance to ampicillin-sulbactam in the other
(patient 5). Because of these resistance patterns, all pa-
tients were treated definitively with either doxycycline
100 mg IV ql2 h (American Pharmaceutical Partners,
Los Angeles, CA. USA) or minocycline 100 mg IV
ql2 h (Minocin, ESI Lederle, Inc., Philadelphia, PA.
USA). Duration of therapy was determined by the at-
tending physician based on the patient’s clinical course.

Minocycline or doxycycline therapy was successful in
six of seven patients. Eradication of A. baumannii was
seen in four of five patients who had a follow-up BAL
culture. Two patients (patients 5 and 6) did not have a
follow-up BAL performed but improved clinically and
were discharged from the hospital. Two of the seven pa-
tients died, one of whom was considered a treatment fail-
ure (patient 7). This patient had a poor prognosis be-
cause of a high initial severity of injury and subsequent
septic shock from several sources including VAP and
polymicrobial burn wound infections. The other patient
who died (patient 4) was considered a microbiologic suc-
cess because A. baumannii was not found in the follow-
up BAL. However, this patient died later in the hospital
course from septic shock caused by persistent Pseudo-
monas aeruginosa VAP. Another patient (patient 3) had a
P. aeruginosa VAP superinfection on the follow-up BAL
that was successfully treated with cefepime.
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Table 2 Outcomes. 2 organisms that grew =105 CFU/ml with days
from baseline BAL to the follow-up BAL; TMP/SMX trimetho-
prim/sulfamethoxazole; A. baumannii Acinetobacter baumannii,

P. aeruginosa Pseudomonas aeruginosa; VAP ventilator-associat-
ed pneumonia

Patient Concomitant antibiotics Follow-up BAL culture Duration Outcome  Comments
(days)? of therapy
(days)
1 None No growth (8) 20 Success A. baumannii bacteremia also cleared
2 Imipenem-cilastatin No growth (12) 10 Success
3 Amikacin P. aeruginosa (16) 14 Success
4 Trovafloxacin, TMP/SMX  P. aeruginosa (17) 14 Success Died later from persistent P. aeruginosa VAP
5 Ampicillin-sulbactam Not done 9 Success
6 None Not done 15 Success
7 Amikacin, trovafloxacin A. baumannii (9) 13 Failure Also had multiple A. baumannii burn wound
infections
Discussion Second, there is some recent debate regarding the true

This is the first report of doxycycline or minocycline
therapy for the treatment of multidrug-resistant A. ba-
umannii. These agents were used in this patient group
with VAP because the isolates were fully or intermedi-
ately resistant to all other drugs, including imipenem-
cilastatin and ampicillin-sulbactam. Tetracyclines are not
commonly used to treat VAP because they are bacterio-
static agents and lack clinical efficacy data for this indi-
cation. Tetracyclines have been reported to have good in
vitro activity against A. baumannii [2], although local
ICU and interpatient sensitivity patterns will vary. In
addition, doxycycline has been shown to be effective, al-
though less so, than imipenem for treating A. baumannii
pneumonia in an animal model [4]. Likewise in this
small group of patients, minocycline and doxycycline
appeared to be effective for A. baumannii VAP.

Strengths of this report include a rigorous definition
of VAP that included quantitative cultures from BAL and
the use of disk diffusion sensitivity testing. The use of
quantitative cultures is important because a purely clini-
cal diagnosis of VAP is poor at differentiating between
pneumonia and other clinical states [5]. In addition, five
of seven patients had follow-up BALs, the results of
which were used in assessing therapy. The use of disk
diffusion tests are also important with A. baumannii be-
cause automated sensitivity methods may falsely report
imipenem resistance.

Three limitations to this report should be noted. First,
one patient (patient 4) had polymicrobial VAP with other
highly pathogenic organisms (Table 1). Thus, the effect
of A. baumannii infection and subsequent minocycline
therapy on the clinical course of this patient is unknown.
The patient was included in order to complete the report-
ing of our experience. Microbiologic clearance of
A. baumannii from the follow-up BAL in this patient
was thought to be noteworthy, even though few data
exist on the use of follow-up BALs to monitor VAP
therapy.

pathogenicity of A. baumannii. The organism has tradi-
tionally been considered to be highly virulent; however,
the efficacy of bacteriostatic agents against the organism
may be less impressive if A. baumannii is ultimately
found to be a relatively weak pathogen. Nonetheless,
one patient in this report (patient 7) did die from A.
baumannii infections.

Third, the use of combination therapy for A.
baumannii in four patients (Tables 1 and 2) is a poten-
tially confounding factor. Two patients received amika-
cin (patients 3 and 7), one patient received imipenem/
cilastatin (patient 2), and one received ampicillin/
sulbactam (patient 5). Each isolate was fully or interme-
diately resistant to these agents. The clinical benefits of
combination therapy in these patients are unknown;
however, these drug combinations may have resulted in
in vivo synergy despite in vitro resistance. Alternatively,
there are limited data that show adding amikacin to
doxycycline for A. baumannii pneumonia does not im-
prove efficacy compared to doxycycline monotherapy
[4]. Indeed, combination therapy has not generally been
found to be more effective than monotherapy for gram-
negative infections despite widespread recommendations
for its use [6, 7, 8, 9].

Current guidelines for the treatment of A. baumannii
VAP recommend combination therapy with a beta-
lactam plus an aminoglycoside [1]. Specifically, a car-
bapenem plus amikacin is considered the therapy of
choice due to the relatively higher level of resistance to
cephalosporins, extended-spectrum penicillins, quinol-
ones, and aminoglycosides [2]. However, imipenem
resistance is an emerging problem seen in up to 11%
of isolates [2]. Imipenem-resistant organisms are also
generally resistant to other drug classes and create a
treatment dilemma for which there are few data [10].

Based on three reports, the primary option for treating
imipenem-resistant A. baumannii appears to be the sulb-
actam portion of ampicillin/sulbactam. A recent study
suggested that success rates in treating A. baumannii
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VAP were similar for imipenem-resistant organisms
treated with ampicillin-sulbactam compared to imip-
enem-sensitive organisms treated with imipenem-cilasta-
tin [3]. A similar report concluded that ampicillin-sulb-
actam was effective in nine of ten patients with lower
respiratory tract infections [10]. Likewise, six of eight
patients with meningitis were successfully treated with
ampicillin/sulbactam plus intrathecal aminoglycosides
[11].11 Ampicillin-sulbactam has also been successfully
used as an “imipenem-sparing” agent in patients with
imipenem-sensitive A. baumannii infections, mostly bac-
teremias [12, 13, 14]. However, many of these patients
were not critically ill.

Intravenous colistin has also been studied for treating
imipenem-resistant A. baumannii but with generally
poor results. This agent was successful in three case re-
ports; however, it was ineffective and nephrotoxic in a
larger report of patients with pneumonia [15, 16, 17,
18]. Another option, aminoglycoside monotherapy, is

not generally recommended for treating severe pneumo-
nia because of high failure rates [1]. Aerosolized thera-
py with aminoglycosides or colistin is likely no more
effective than IV therapy of pneumonia based on the
few small reports that have been published [19]. Lastly,
novel combinations of sulbactam with imipenem or
rifampin have been successful in an animal model of re-
sistant A. baumannii, but no clinical data are available
[20].

In conclusion, the results of this case series suggest
that minocycline or doxycycline may be an effective
option for treating imipenem and sulbactam-resistant
A. baumannii VAP. Six of seven patients were success-
fully treated. It is important to study new treatment op-
tions for this indication given the high mortality and in-
creasing antibiotic resistance associated with this organ-
ism. However, more data are needed to fully determine
the role of tetracyclines in treating severe A. baumannii
infections.
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