
Concise Communication

Droplet aerosol dissemination of carbapenem-resistant
Acinetobacter baumannii surrounding ventilated patients

Madelyn Mousa BMSc1, David Schwartz PhD2, Yehuda Carmeli MD1,2 and Amir Nutman MD1,2

1Sackler Faculty of Medicine, Tel-Aviv University, Tel-Aviv, Israel and 2National Center for Infection Control and Antibiotic Resistance, Tel-Aviv Sourasky Medical
Center, Tel-Aviv, Israel

Abstract

Wemeasured droplet aerosol dissemination of carbapenem-resistant Acinetobacter baumannii (CRAB) by sampling air surrounding 10 ven-
tilated patients with CRAB isolated in sputum. Over 70 hours, we sampled 252,000 L of air; CRAB was detected in 39,600 L (16%). CRAB
growth was higher during patient care, notably suctioning and sheet changing.
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Acinetobacter baumannii is a rapidly emerging nosocomial patho-
gen associated with a high fatality rate.1 It contaminates the hos-
pital environment and its prolonged survival on dry surfaces and
resistance to disinfectants lead to outbreaks that are hard to con-
tain.2 Carbapenem-resistantAcinetobacter baumannii (CRAB) has
been isolated from bed surfaces, curtains, and medical equip-
ment.3,4 Although aerial spread of A. baumannii was described
more than 30 years ago,5 it was ignored at the time. Recently there
is renewed interest in the topic.6 Contamination of air may occur
because of respiratory ejection from the mouth and nose or shed-
ding of bacteria from skin and infected lesions,7 as well as through
actions such as bed making.8

We aimed to measure droplet aerosol dissemination of
CRAB in the environment surrounding ventilated patients with
CRAB respiratory infection or colonization and to determine
whether specific treatment activities were associated with greater
dissemination.

Methods

Setting and study sample

The study was conducted from September to December 2016 at
Tel-Aviv Sourasky Medical Center, Israel, a tertiary care center
with endemic CRAB: the incidence of microbiologically confirmed
CRAB infections was 41.8 per 100,000 patient days in 2016 (Israeli
Ministry of Health, unpublished data). We recruited adult venti-
lated patients with sputum cultures growing CRAB in the previous
7 days. Patients were hospitalized in intensive care units (ICUs) or
medical step-down units with routine air handling of 10 air
changes per hour. We collected the following data: age, gender,

ward, current antibiotic treatment, and timing of last chlorhexidine
bath. We recorded all patient care activities performed during
air sampling. The ethical review board of the Tel-Aviv Sourasky
Medical Center approved this study.

Microbiological methods

Air sampling
Air sampling was performed using the Buck Bio-Culture pump
(Model B30120, AP Buck, Orlando, FL), a sieve impactor-type bio-
aerosol sampling pump designed to draw air onto a standard agar
plate. The air sampler was placed 1.5 m from the patient’s head at a
height of 1 m. Air sampling was performed continuously for
7 hours for each patient. The sampler was calibrated to 60 L per
minute, and agar plates were changed every 30 minutes (1800 L
of air sampled per plate). Two types of agar media were used
(3.5 hours each) to compare yields: a nonselective 5% blood agar
plate and a selective CHROMagar MDR Acinetobacter plate (both
from Hylabs, Rehovot, Israel).

Clinical and environmental sampling
Cultures were taken from tracheal aspirate. The buccal mucosa was
sampled by swab. Sterile premoistened sponges were used to
sample each patient’s skin and the immediate environment as
previously described: bed rail, bed sheet, a 10-cm2 wall portion,
outlets near the head of the bed, and monitor screens.4

Sample processing
Air-inoculated plates and samples were transferred to the labora-
tory soon after sampling. Swab and sponge samples were inocu-
lated directly onto CHROMagar MDR Acinetobacter plates
and after overnight enrichment in brain-heart infusion broth.
Samples were incubated at 37°C overnight. The numbers of colo-
nies grown per plate were counted. Colonies grown on blood agar
plates were subcultured on CHROMagar MDR Acinetobacter
plates. Acinetobacter baumannii identification was confirmed by
MALDI-TOF using VITEK-MS (bioMérieux, Marcy-l’Étoile,
France).9
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Statistical analysis

CRAB growth in air was expressed as number of colony forming
units (CFU) per 1,000 L of air. We devised a scoring system to
assess CRAB growth from patient and environmental samples
semiquantitatively: 0 for no growth, 1 for growth in enrichment
culture only, 2 for growth ≤10 CFU from direct plating, 3 for
10–100 CFU, and 4 for ≥100 CFU. We used Spearman’s rank
correlation to test the association between CRAB growth in air
samples and in patient and environmental cultures, and between
CRAB growth in air and time since last chlorhexidine wash. We
used a t test to test the association between CRAB growth in air
and antibiotic use. Statistical analyses were performed using
SPSS version 25 software (IBM, Armonk, NY).

Results

Overall, 10 patients with CRAB in respiratory cultures were included
in the study: 8 had clinical CRAB infection and 2 were colonized. All
patients hadCRAB growth in respiratory (sputumor buccalmucosa)
and skin samples taken on the study day. The mean age was 51 years
(range, 18–76 years) and 8 patients were male. Furthermore,
9 patients were mechanically ventilated throughout the entire
sampling period and 1 patient was weened during sampling and
was spontaneously breathing through a tracheostomy. In addition,
7 patients were on antibiotics with in vitro activity against CRAB.

Total sampling time was 70 hours (140 sampling periods),
during which 252,000 L of air (25,200 L per patient) was sampled;
72,000 L of air (40 sampling periods) was sampled during patient
care; and 180,000 L of air (100 sampling periods) was sampled
while no treatment activity was occurring in the room. CRAB
was detected in 39,600 L of sampled air (16%). Quantitative
analysis revealed a mean of 0.36 CRAB CFU per 1,000 L of air
(range, 0–1.15 CFU/1,000 L). The yield was similar for 5% blood
agar and CHROMagar MDR Acinetobacter plates.

Air samples were taken from the surroundings of all 10 patients;
samples from air surrounding 8 of these were positive for CRAB.
For all 8 patients, there was a positive air culture during patient
care; for 3 patients, an air culture was also positive during a period
of no treatment activity. CRAB was isolated from air during 19 of
40 sampling periods (47.5%) during patient care and during 3 of
100 sampling periods (3%) without treatment activity. Mean
CRAB growth was higher during periods of treatment activity
than during periods of no activity: 1.17 CFU per 1,000 L of air
(range, 0–5 CFU/1,000 L) versus 0.02 CFU per 1,000 L (range,
0–0.1 CFU/1,000 L). Endotracheal suctioning, changing of bed
sheets, and diaper changing were the activities most likely to be
associated with contamination of air (Table 1).

We found no association between CRAB growth in the air
surrounding a patient and the degree of CRAB growth in the
patient’s respiratory tract or skin, time since last chlorhexidine
wash, or antibiotic treatment. The immediate environments of
these patients were heavily contaminated by CRAB: CRAB was
isolated from 9 of 10 bed rails, 9 of 10 bedsheets, 9 of 10 monitor
screens, 8 of 10 bed head outlets, and walls near 4 of 10 patients.
There was no correlation between CRAB growth in air and the
environmental contamination score.

Discussion

We detected CRAB in the air adjacent to ventilated patients with
CRAB respiratory colonization or infection. Air contamination
was intermittent; CRAB was detected almost half of the time

during periods of patient care but in only 3% of periods without
treatment activity. Air contamination was almost 60 times greater
during treatment activities, especially during endotracheal suction-
ing, changing of bedsheets, and diaper changing.

Measures to limit the spread of multidrug-resistant bacteria are
aimed at preventing contact transmission. However, reports of
aerosolized bacteria such as S. aureus suggest that droplet aerosol
dissemination may also be an important route for environmental
contamination and possibly patient-to-patient transmission.8

A recent study found clonal relatedness between Acinetobacter
strains isolated from air and subsequent clinical strains, suggesting
the possibility of airborne transmission.10 Although it is premature
to recommend airborne isolation of patients with respiratory
CRAB, recognizing the possibility of droplet aerosol dissemina-
tion, especially during patient care activities that generate CRAB
aerosols, has implications for infection control.

Our study has several limitations. First, our sample size was
small. Second, most patients had an active infection; their CRAB
load may have been higher, potentially causing greater spread of
CRAB into the environment. Third, we sampled air in only 1 loca-
tion; thus, we could not evaluate the distance of CRAB spread.

In conclusion, CRAB contaminates air surrounding ventilated
patients with CRAB respiratory infection or carriage, especially
during patient care activities. Our results support previous studies
suggesting the risk of droplet aerosol transmission.
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