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There is currently no consensus method for the active screening of Acinetobacter baumannii. The use of swabs
to culture nostrils, pharynx, and skin surface of various anatomical sites is known to yield less-than-optimal
sensitivity. In the present study, we sought to determine whether the use of sterile sponges to sample large
areas of the skin would improve the sensitivity of the detection of 4. baumannii colonization. Forty-six patients
known to be colonized with A. baumannii, defined by a positive clinical culture for this organism as defined by
resistance to more than two classes of antimicrobials, participated in the study. The screening sites included
the forehead, nostrils, buccal mucosa, axilla, antecubital fossa, groin, and toe webs with separate rayon swabs
and the forehead, upper arm, and thigh with separate sponges. Modified Leeds Acinetobacter medium
(mLAM) agar plates that contained vancomycin and either aztreonam or ceftazidime were used as the selective
medium. An enrichment culture grown overnight substantially increased the sensitivity for most sites. The
sensitivity ranged between 69.6 and 82.6% for individual sponge sites and 21.7 to 52.2% for individual swab
sites when mLAM plates with ceftazidime were inoculated after a 24-h enrichment period. The sponge and swab
sites with the best sensitivity were the leg and the buccal mucosa, respectively (82.6% and 52.2%; P = 0.003).
The combined sensitivity for the upper arm and leg with a sponge was 89.1%. The novel screening method using
sterile sponges was easy to perform and achieved excellent sensitivity for the detection of A. baumannii

colonization.

Acinetobacter baumannii is increasingly becoming a common
pathogen in the hospital environment, especially in intensive
care units (ICUs). According to recent data from the National
Healthcare Safety Network, A. baumannii is the third most
common pathogen implicated in ventilator-associated pneu-
monia after Staphylococcus aureus and Pseudomonas aerugi-
nosa, causing 8.4% of these infections (6). An estimated 60%
of A. baumannii strains are resistant to multiple classes of
antimicrobials in the United States, leaving few therapeutic
options for those who are infected (8). Once A. baumannii is in
the hospital, its eradication can be difficult, even with the
implementation of appropriate infection control procedures.
Several factors, including its resistance to both antimicrobials
and desiccation, play a role in the persistence of A. baumannii
in the hospital environment (13). Cohorting of infected or
colonized patients is the main measure to prevent its spread.
At least two studies have evaluated the role of the universal
active screening of inpatients to identify A. baumannii carriers,
with mixed results (1, 10). A major problem with active screen-
ing is the lack of data on how to achieve clinically acceptable
sensitivity for the detection of A. baumannii colonization. For
example, a study examining the yield of swab cultures of six
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body sites gave a sensitivity of 55% when all sites were com-
bined (11). In that study, the best single site was endotracheal
aspirate, with a sensitivity of 29%. Other studies of skin colo-
nization of patients and healthy volunteers using swab cultures
have also shown low rates of colonization with 4. baumannii (2,
4, 14). This low yield has been attributed to the low coloniza-
tion density of Acinetobacter species, including A. baumannii,
on body surfaces (3). One study comparing the yields of vari-
ous skin sampling methods showed that the use of moist
sponges in lieu of swabs resulted in an approximately 100-fold
increase in the number of colonies of aerobic bacteria obtained
(5). We therefore hypothesized that a higher sensitivity will be
achieved for the detection of A. baumannii colonization by
sampling larger areas of the body surface with sponges, cou-
pled with the use of medium to promote the selective growth
of this organism.

MATERIALS AND METHODS

Study design. The study was approved by the Institutional Review Board of the
University of Pittsburgh, and informed consent was obtained for all participating
patients. Patients who were admitted to the University of Pittsburgh Medical
Center between June 2009 and April 2010 and who had at least one clinical
culture growing A. baumannii which was resistant to three or more classes of
antimicrobials commonly used against this organism were recruited for the study
(12). Patients had to be enrolled in the study within 10 days of the date at which
the positive clinical culture was taken.

Sample collection. Seven rayon swabs (BBL CultureSwab Plus; BD, Sparks,
MD) and three sponges (Polywipe premoistened sponge swab; Medical Wire &
Equipment, Wiltshire, England) were used to collect samples from each patient.
For the swabs, the following sites were rubbed, each with a new swab, in a
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FIG. 1. (A) Sampling of the upper arm using a sponge. (B) A. baumannii colonies on modified Leeds Acinetobacter medium.

rotating manner to cover up to a 2- by 2-in. area whenever feasible: the forehead,
nostrils, buccal mucosa, antecubital fossa, axilla, groin, and toe web. These are
body sites where A. baumannii has been recovered in previous studies (2, 4, 14).
The swabs were then stabbed into the transport medium provided with the swab.
For the sponges, the forehead, upper arm, and thigh were swiped down approx-
imately 5 in., once each using both sides, and each with a new sponge and gloves
(Fig. 1A). The upper arm and thigh were surrogate sites for the axilla and groin,
since the latter sites were difficult to reach with the sponge. After sampling, each
sponge was dropped into a sterile container provided with the sponge. The
specimens were then transported to the research laboratory for immediate pro-
cessing.

mLAM. Leeds Acinetobacter medium (LAM) was previously proposed as a
selective medium for the culturing of Acinetobacter spp. (7). Acinetobacter spp.
typically produce circular, convex, smooth, pink colonies with a mauve back-
ground after 24 h of incubation in this medium. The original LAM contains
vancomycin, cefsulodin, and cephradine. For the modified LAM (mLAM) used
in the present study, cefsulodin and cephradine were replaced with either 4
pg/ml aztreonam or 8 pg/ml ceftazidime. All A. baumannii strains isolated at our
hospital have been resistant to aztreonam regardless of their resistance profiles.
On the other hand, only isolates that are resistant to multiple classes of antimi-
crobials have typically been resistant to ceftazidime. Therefore, we hypothesized
that mLAM with aztreonam would have a higher sensitivity for the detection of
A. baumannii than that with ceftazidime but possibly at the cost of more non-
specific growth of other organisms.

Processing of the specimens. Each swab was suspended in 20 ml of nutrient
broth (BD) and incubated at 37°C for enrichment. Each container with a sponge
was filled with 100 ml of nutrient broth to soak the sponge and incubated
likewise. Since it was suggested previously that an overnight enrichment process
enhances the sensitivity of A. baumannii screening cultures (11), enrichment
periods of both 1 h and 24 h were examined. After 1 or 24 h of enrichment
culture, 100 pl of the broth was taken from each specimen and inoculated onto
two mLAM plates, one with aztreonam and one with ceftazidime. A sheep blood
agar plate was also inoculated as a control. The plates were then incubated at
37°C for 24 h before reading.

Identification of A. baumannii. At least one smooth, pink colony with a mauve
background consistent with A. baumannii was subjected to biochemical identifi-
cation for each patient using API 20NE (bioMerieux, Durham, NC). A colony
was also selected from all plates with growth consistent with A. baumannii and
subjected to susceptibility testing using the disk method to ensure concordance
with the representative colony, which was biochemically identified. The concor-

dance of susceptibility was also verified between the surveillance isolates and the
clinical isolate for each patient.

Statistical methods. The characteristics of the study population were de-
scribed by using proportions for categorical variables and medians and ranges for
continuous variables. Since all of the patients were known to be positive for 4.
baumannii, the sensitivity of each method was calculated as the percentage of
tests that were positive. McNemar’s test for paired data was used to compare the
sensitivities of two methods based on samples from the same patients. Under
the assumption that the composite sensitivities of the swab culture method and
the sponge culture method were 55% and 80%, respectively, this study was
designed to enroll 45 patients in order to achieve 80% power for detecting a
difference between the two sensitivities with a two-sided alpha of 0.05. The
analyses were performed by using SAS, version 9.2 (SAS Institute Inc., Cary,
NC), and a P value of 0.05 was considered statistically significant.

RESULTS

Patient population. A total of 46 patients were enrolled in
the study. Of them, 25 (54.3%) were male and 40 (87.0%) were
Caucasian. The median age was 57 years (range, 26 to 90
years). Twenty-one (45.7%) patients were in an intensive care
unit, and 22 (47.8%) were mechanically ventilated. The
sources of the positive clinical culture were as follows: 17
sputum (37.0%), 4 bronchoalveolar lavage/tracheal aspirate
(8.7%), 13 wound/drainage (28.3%), 9 urine (19.6%), 2 blood
(43%), and 1 catheter tip (2.2%). Sixteen patients (34.8%)
were considered to have infection by A. baumannii, whereas 30
patients (65.2%) were felt to be colonized only. The median
and mean times from collection of the positive clinical culture
to the collection of the study specimens were 4 days and 4.5
days, respectively (range, 2 to 8 days). Six patients (13.0%)
were on antimicrobial therapy active against the particular
isolate in the meantime. These agents included ampicillin-
sulbactam, meropenem, colistimethate, and tigecycline.



156 DOI ET AL.

J. CLIN. MICROBIOL.

TABLE 1. Sensitivity of detection of A. baumannii from colonized patients

ATM* CAZb
Collection method Site NO of % sensitivity % sensitivity
patients P value P value
1h 24 he 1he 24
Sponge Forehead 46 19.6 67.4 <(0.0001 21.7 69.6 <0.0001
Upper arm 46 26.1 76.1 <0.0001 21.7 76.1 <0.0001
Thigh 46 34.8 82.6 <0.0001 19.6 82.6 <0.0001
Swab Forehead 46 4.3 23.9 0.03 2.1 239 0.002
Nostrils 46 23.9 32.6 0.10 26.1 32.6 0.18
Buccal mucosa 46 43.5 50.0 0.32 43.5 522 0.21
Antecubital fossa 46 0 19.6 0 21.7
Axilla 46 10.9 26.1 0.02 10.9 26.1 0.02
Groin 45 17.8 48.9 0.001 15.6 48.9 0.001
Toe web 45 11.1 22.2 0.10 6.7 22.2 0.03

“ ATM indicates modified Leeds Acinetobacter medium with 10 pg/ml vancomycin and 4 pg/ml aztreonam.
? CAZ indicates modified Leeds Acinetobacter medium with 10 pg/ml vancomycin and 8 p.g/ml ceftazidime.

¢ Enrichment period.

Sensitivities of the culture methods. The overall results are
shown in Table 1. For both mLAM plates with aztreonam and
those with ceftazidime, 24-h enrichment provided a statistically
higher sensitivity for the detection A. baumannii than 1-h en-
richment for all three sponge culture sites and some swab
culture sites (antecubital fossa, groin, and forehead [ceftazi-
dime only]) (Table 1). mLAM plates with aztreonam gave
higher sensitivities than those with ceftazidime for the thigh
when 1-h enrichment was used, whose difference became neg-
ligible when 24-h enrichment was used. The results for other
sites were comparable between aztreonam and ceftazidime. A.
baumannii isolates from all of the positive specimens were
resistant to three or more classes of antimicrobials.

(i) Swabs. Among the seven swab sites investigated, the
buccal mucosa had the highest sensitivity for the detection of
A. baumannii colonization with both 1-h and 24-h enrichments
(43.4 and 52.2%, respectively, with ceftazidime). With the 1-h
enrichment, the buccal mucosa yielded the highest sensitivity
across all sites, including sponge sites. With the 24-h enrich-
ment, the groin yielded a sensitivity similar to that for the
buccal mucosa (48.9%), followed by the nostrils, axilla, ante-

cubital fossa, forehead, and toe web. The sensitivity for buccal
mucosa was even higher (71.4% after 24-h enrichment) among
patients who were in an intensive care unit (Table 2). This
likely reflected the fact that the majority of these patients (18
of 21; 85.7%) were enrolled in the study due to a positive
respiratory culture. The two swab culture sites yielding the best
combined sensitivity were the buccal mucosa and groin after
the 24-h enrichment period (sensitivity of 73.3 to 77.8%) (Ta-
ble 3).

(ii) Sponges. All three sponge culture sites (forehead, upper
arm, and thigh) had sensitivities higher than that for buccal
mucosa, which was the most sensitive swab site, after the 24-h
enrichment (Table 1). Among them, the thigh provided the
highest sensitivity of 82.6%, which was significantly higher than
those of the buccal mucosa (P = 0.003) and the groin (P =
0.0003), the two most sensitive swab culture sites. In practice,
the upper arm can be swiped first and the thigh can then be
swiped using one sponge. Therefore, we calculated the com-
posite sensitivity of the upper arm and thigh and compared it
with that of various combinations of the most sensitive swab
culture sites (nostrils, buccal mucosa, and groin). As depicted

TABLE 2. Sensitivity of detection of A. baumannii from colonized patients in ICUs

ATM* CAZP
Collection method Site NO.' of % sensitivity % sensitivity
patients P value P value
1h° 24 h¢ 1h¢ 24 h¢
Sponge Forehead 21 19.0 71.4 0.002 23.8 76.2 0.001
Upper arm 21 333 81.0 0.004 429 81.0 0.005
Thigh 21 23.8 85.7 0.0003 9.5 85.7 <0.0001
Swab Forehead 21 4.8 28.6 0.03 0 28.6
Nostrils 21 42.9 47.6 0.56 429 524 0.32
Buccal mucosa 21 61.9 71.4 0.41 61.9 71.4 0.41
Antecubital fossa 21 0 28.6 0 28.6
Axilla 21 23.8 38.1 0.18 23.8 333 0.32
Groin 21 14.3 429 0.09 14.3 47.6 0.02
Toe web 20 15.0 20.0 0.65 10.0 20.0 0.41

“ ATM indicates modified Leeds Acinetobacter medium with 10 pwg/ml vancomycin and 4 pg/ml aztreonam.
? CAZ indicates modified Leeds Acinetobacter medium with 10 pg/ml vancomycin and 8 p.g/ml ceftazidime.

¢ Enrichment period.
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TABLE 3. Composite sensitivities of the most sensitive sponge and swab sites

Composite sensitivity (%)

Enpchment mLAM antibiotic® P value
time (h) Sponge site Swab site
Upper arm and/or thigh Nostril and/or buccal mucosa
1 ATM 43.5 50.0 0.49
CAZ 37.0 50.0 0.13
24 ATM 89.1 56.5 0.0006
CAZ 89.1 58.7 0.001
Upper arm and/or thigh Nostril and/or groin
1 ATM 44.4 422 0.80
CAZ 37.8 422 0.56
24 ATM 88.9 64.4 0.002
CAZ 88.9 66.7 0.004
Upper arm and/or thigh Buccal mucosa and/or groin
1 ATM 44.4 533 0.35
CAZ 37.8 51.1 0.11
24 ATM 88.9 73.3 0.052
CAZ 88.9 71.8 0.13

“ ATM, aztreonam; CAZ, ceftazidime.

in Table 3, the combination of the upper arm and thigh with
the sponge and with the 24-h enrichment yielded a significantly
higher sensitivity (88.9 to 89.1%) than that of the combination
of the nostril and buccal mucosa (56.5 to 58.7%) or nostril and
groin (64.4 to 66.7%) and a trend toward a higher sensitivity
than that with the combination of the buccal mucosa and groin
(73.3 to 77.8%).

(iii) Effect of the infection/colonization status and prior
therapy. The sensitivities between patients who had infection
and those who were only colonized by A. baumannii were
compared by using various composite sensitivities, including
=1 positive sponge culture, =1 positive swab culture, positive
cultures for upper arm and/or thigh, and positive cultures for
buccal mucosa and/or groin. There was a trend toward a higher
composite sensitivity of the upper arm and thigh for patients
who had infection (16/16 [100%] for infection and 25/30
[83.3%] for colonization with 24-h enrichment [P = 0.15]; the
same results were found with aztreonam and ceftazidime).
Otherwise, no statistically significant difference in composite
sensitivity was observed.

The sensitivities were then compared between patients who
were on effective therapy between the time of clinical culture
collection and study sample collection in the same manner.
Patients who were on effective therapy had lower composite
sensitivities for the buccal mucosa and groin than those who
were not (2/6 [33.3%] for the effective-therapy group and 31/39
[79.5%] for the no-therapy group with 24-h enrichment and
aztreonam [P = 0.04] and 3/6 [50.0%] for the effective-therapy
group and 32/39 [82.1%] for the no-therapy group with 24-h
enrichment and ceftazidime [P = 0.11]). On the other hand, all
6 patients on effective therapy were positive by sponge speci-
mens from the upper arm and thigh by either selective agent.

Growth of organisms other than A. baumannii. A. baumannii
formed smooth, pink colonies with a mauve background, as
described in the original report of the use of LAM (Fig. 1B)
(7). Ceftazidime-aztreonam-resistant Enterobacteriaceae, espe-
cially Klebsiella pneumoniae and Enterobacter spp., occasionally
grew on mLAM plates, but they formed yellow colonies and
were easily distinguished from A. baumannii. Pseudomonas
aeruginosa grew in 7 cases, most of them from the buccal

mucosa. P. aeruginosa formed pink colonies that were more flat
and more translucent than A. baumannii and could be distin-
guished visually after experiencing several cases. Colonies in-
distinguishable from A. baumannii were observed in 10 cases,
including colonies of Pseudomonas luteola (3 cases), Burkhold-
eria cepacia (2 cases), Acinetobacter Iwoffii, Pasteurella pneumo-
tropica, Pseudomonas putida, Sphingomonas paucimobilis, and
Vibrio metschnikovii (1 case each). The majority of them grew
from the buccal mucosa, with only 2 cases growing them from
any sponge site.

DISCUSSION

A. baumannii has become a major hospital pathogen in re-
cent years, disproportionately affecting patients who are im-
munocompromised as well as those in intensive care units (13).
The economic impact of A. baumannii colonization and infec-
tion in hospitals is also substantial. A mathematical model of
ICU patients colonized with this organism suggests that the
additional cost to the hospital due to colonization may be in
excess of $44,000 per case, assuming that 50% of them will
progress to infection (9). A. baumannii is a pathogen that is
transmitted among hospitalized patients, most likely by health
care workers (13). The prevention of transmission therefore
requires the early identification of colonized patients and the
institution of contact isolation for those who are colonized.
This would be particularly important in epidemic scenarios.
However, unlike other common hospital pathogens such as
methicillin-resistant Staphylococcus aureus (MRSA), vancomy-
cin-resistant enterococci (VRE), and Clostridium difficile, the
screening method for A. baumannii has not been studied in
detail. A recent study reported a combined sensitivity of 55%
using six swabs targeting various anatomical sites (11). While
that study was very well executed, we felt that 55% sensitivity
was still too low and that the swabbing of six sites ranging from
the nares to the rectum was not clinically feasible. The present
study was therefore designed and conducted with the goal of
significantly improving the sensitivity of screening for A. bau-
mannii colonization.

The results of our study have several salient points. First, an
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enrichment culture grown overnight was necessary before cul-
turing on selective media to achieve clinically acceptable sen-
sitivity. This is consistent with the findings reported previously
by Marchaim et al. (11) and is likely due to the low starting
inoculum in the screening specimens. The exception was the
buccal mucosa, where similar sensitivities were obtained with
and without enrichment overnight. The distribution of A. bau-
mannii at this site is probably dichotomous, with high coloni-
zation densities for some patients, especially those who are
intubated, and no colonization at all for others.

Second, the use of a sponge to sample a large area of the
skin, particularly the upper arm and thigh, proved to be easy to
perform and effective in significantly improving the sensitivity
compared with that with the use of a swab. Although the three
sponge sites were sampled separately for the purpose of this
study, one could easily sample the upper arm and thigh using
the same sponge in clinical practice, which would give a theo-
retical sensitivity as high as 89.1%. On the other hand, it would
not be feasible to use one swab to sample, for example, the
buccal mucosa and groin, making it difficult to improve the
sensitivity of swabs without increasing the number of speci-
mens to be processed.

Third, the sponge method performed well in detecting col-
onization in patients who were on effective antimicrobial ther-
apy against A. baumannii, whereas half or more of them were
missed by the swab method. This could be a potential advan-
tage of the sponge method for patients where lower coloniza-
tion density due to ongoing therapy could be overcome by
sampling a larger area.

Fourth, mLAM, a medium selective for A. baumannii, per-
formed well in selectively growing this organism. mLAM with
aztreonam was designed to grow all A. baumannii strains, and
that with ceftazidime was designed to grow A. baumannii
strains with resistance to three or more classes of antimicrobi-
als. However, culture results were similar for both mLAM
plates, presumably since only patients with A. baumannii with
resistance to three or more classes of antimicrobials were en-
rolled in the study. There were several other species that grew
on mLAM and were difficult to distinguish from A. baumannii.
The majority of them grew from swab samples taken from the
buccal mucosa, whereas such nonspecific growth occurred
from sponge specimens in only two cases. The observed higher
specificity is potentially another advantage of using a sponge
over a swab. While standard identification procedures are still
recommended when colonies consistent with A. baumannii are
observed, the use of mLAM has the potential to substantially
streamline the plate-reading process in the clinical microbiol-
ogy laboratory. One unanticipated benefit of using mLAM was
that ceftazidime-resistant Enterobacteriaceae (such as Klebsiella
pneumoniae producing KPC-type carbapenemase) grew dis-
tinct yellow colonies. This may provide additional helpful in-
formation from an infection control standpoint in certain ep-
idemiological circumstances.

One limitation of the screening method described here is
that the protocol requires a total of 3 days until final identifi-
cation is obtained. There is little room for improving the turn-
around time as long as the method is culture based, as the
enrichment process was crucial in improving sensitivity. While
only 1-h and 24-h enrichment periods were tested in the
present study, an enrichment period between these two time
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points may provide adequate sensitivity without causing a
1-day delay in the reporting of the results, which will require
further investigation. Alternatively, nucleic acid testing
(NAT)-based approaches may have the potential to signifi-
cantly reduce the turnaround time while maintaining sensitiv-
ity. However, the cost-effectiveness of these approaches needs
to be considered carefully since the prevalence of A. baumannii
is generally lower than those of other organisms for which
routine screening may be indicated, such as MRSA and VRE.
In addition, the sponge used in this study costs approximately
$2.50 each (prepackaged in a specimen container), which is
more expensive than a swab.

In conclusion, screening for A. baumannii by use of a sponge
is easy to perform and significantly improves the sensitivity for
the detection of this organism compared with that of screening
using a swab.
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