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Abstract
Background: Bacteria have been implicated in the pathogenesis of chronic rhinosinusitis (CRS), but
their role as instigator or propagator is poorly understood. A. xylosoxidans has been rarely reported in
bacterial sinus cultures in the literature, but may play a role in patients with CRS. This study aims to
examine the clinical and microbiological characteristics, risk factors, and recalcitrance in patients with
CRS who had Achromobacter identified by routine culture and/or molecular-based sequencing
methods.
Methods: Retrospective chart review was performed on all patients who had A. xylosoxidans identified
by sinus cultures and/or molecular sequencing and were under care at UF Health rhinology practice
between August 2013 to February 2017.
Setting: Tertiary rhinology practice.
Results: 18/18 CRS patients with Achromobacter identified by sinus sampling underwent previous
functional endoscopic sinus surgery (FESS) (mean 2.2). These patients had undergone an average of
4.6 courses of oral antibiotics in the previous 24 months. 12/18 patients had asthma and 17/18 patients
had CRS with polyps. 7/11 patients grew other bacteria in addition to Achromobacter on culture. A.
xylosoxidans was identified by routine culture in 11 of 18 patients. Among these 11 patients, only 4
patients also had A. xylosoxidans identified by sequencing. All the Achromobacter isolates were
susceptible to Trimethoprim/sulfamethoxazole (TMP/SMX) in vitro.
Conclusions: To our knowledge, this is the first literature that reports the clinical characteristics of
CRS patients with Achromobacter. Achromobacter infection in the sinuses may be a post-surgical
disease, may have an association with airway disease, or may have an association with polymicrobial
infections. Oral TMP/SMX may be an effective therapy in this patient population. Achromobacter
may be a bystander or an instigator of this recalcitrant disease, and their role in CRS warrants further
investigation.
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Introduction
Chronic rhinosinusitis (CRS) affects over 30 million people in
the United States and is associated with a significant reduction
in quality of life [1]. The etiology of CRS is multifactorial and
a unifying cause remains elusive. Bacteria appear to play a role
in CRS. However, their role as instigator versus propagator is
poorly understood. Staphylococcal species and P. aeruginosa
grow commonly in cultures of sinus purulence, but little is
known about the prevalence and significance of less common
organisms such as A. xylosoxidans.
Achromobacter is an aerobic, motile, nonfermenting, gramnegative bacillus with a worldwide distribution [2] found in
water and soil, including swimming pools, well water, dialysis
and chlorhexidine solutions. They can occasionally be
recovered from respiratory and gastrointestinal tracts, primarily
in persons with health care contact. A. xylosoxidans is the most
clinically important organism of Achromobacter species. It was
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first isolated from patients with chronic otitis media in 1971
[3], and is probably part of the endogenous microbiome of the
ear and gastrointestinal tract. A. xylosoxidans is a common
contaminant of fluids and has been implicated in outbreaks of
nosocomial infection associated with contaminated solutions,
incubators and humidifiers, and contaminated soaps and
disinfectants. A wide range of clinical illnesses are caused by
or have been associated with A. xylosoxidans, including
bacteremia, pneumonia, peritonitis, urinary tract infection,
conjunctivitis, osteomyelitis, necrotizing pancreatitis, and
prosthetic valve infection [4-11]. These organisms are capable
of producing and surviving within biofilms. In patients with
cystic fibrosis (CF), A. xylosoxidans and other Achromobacter
species have been recovered with increasing frequency from
respiratory secretions, although chronic colonization with
Achromobacter species have not been associated with more
rapid deterioration in pulmonary functions in CF patients. In
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CRS, the association and role of A. xylosoxidans have not been
previously reported.
The purpose of this study was to examine the clinical
characteristics, microbiome, risk factors, and recalcitrance in
patients with CRS who had sinus secretions that were positive
for A. xylosoxidans by standard microbiology culture and/or
molecular sequencing.

Methods
A retrospective chart review of 600 patients who were treated
by the senior author at a tertiary rhinology care institution at
UF Health from August 2013 to February 2017 and
demonstrated A. xylosoxidans on sinus culture and/or DNA
sequencing analysis was conducted. Clinic notes and operative
reports were reviewed for presenting symptoms, endoscopic
characteristics, interventions, and outcomes. This study was
approved by the Institutional Review Board at the University
of Florida.
Samples were collected via standard endoscopically guided
sterile brush and swab techniques per routine clinical care, and
sent to UF Health microbiology laboratory for bacterial and
fungal cultures and to PathoGenius laboratories (Lubbock, TX)
for bacterial identification by sequencing (below). Not all
patients had both routine culture and molecular assays
performed. The senior author routinely took cultures of sinus
purulence and sent for standard cultures, and reserved
molecular testing for recalcitrant cases. Of the 19 patients with
A. xylosoxidans positive culture between August 2013 and
February 2017, one had a primary diagnosis of dacryocystitis
and not CRS, and was thus excluded from the subsequent
analysis.
For molecular testing, brush and swab specimens were sent to
Pathogenius Laboratory (Lubbock, TX) for processing and 16S
ribosomal DNA amplification and sequencing using the Ion
Torrent technology. Sequence reads were analyzed for quality
and length; poor quality or inadequate length sequences were
removed. Sequence data was processed and compared with 180
species in the American Type Culture Collection (ATCC)
database for microbial identification. All samples were
compared for read count and species identification using an
analysis of variance.

Results
A total of 18 of 600 patients (0.03%) were identified with CRS
and A. xylosoxidans by culture and/or sequencing between
August 2013 and February 2017 (Figure 1). Mean age at the
time of A. xylosoxidans identification was 64.8 years (range, 30
to 74 years). There were 6 men and 12 women. Source of the
initial A. xylosoxidans positive specimen was purulent material
encountered in the sinus cavities during office endoscopy
(16/18 patients) or revision endoscopic sinus surgery (2/18
patients). All 18 patients had undergone functional endoscopic
sinus surgery (FESS) prior to the diagnosis of A. xylosoxidans.
7 of 18 patients (38.9%) had 1 prior FESS and 11 of 18
patients (61.1%) had 2 or more procedures. On average, there
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were 2.2 procedures per patient prior to A. xylosoxidans
diagnosis, with a range of 1 to 6 procedures.

ID Age Sex
1 56
F
2 61
F
3 53
F
4 73
F
5 67
F
6 67
F
7 74
M
8 73
F
9 67
F
10 74
M
11 74
F
12 30
M
13 69
M
14 73
M
15 71
M
16 49
F
17 63
F
18 72
F

#	
  previous	
  
FESS
1
2
>5
1
2
1
1
2
2
2
3
5
2
3
1
6
1
1

Type	
  of	
  
CRS
wP
wP
wP
wP
wP
sP
wP
wP
wP
wP
wP
wP
wP
wP
wP
wP
wP
wP

Airway	
  Disease
asthma
asthma
asthma
no
asthma
no
no
bronchiectasis
asthma
asthma
asthma
asthma;	
  bronchiectasis
asthma;	
  bronchiectasis
asthma
no
asthma
asthma
no

Figure 1: Demographics. wP: with polyposis; sP: without polyposis.

15 of 18 patients (83.3%) had allergic rhinitis, 12 of 18 patients
(66.7%) had asthma, 3 of 18 patients (16.7%) had
bronchiectasis, 2 of 18 patients (11%) had both asthma and
bronchiectasis, and 5 of 18 (27.8%) had immune system
dysfunction (Churg-Strauss syndrome, multiple myeloma,
combined variable immune deficiency, and multiple sclerosis).
17/18 patients positive for A. xylosoxidans were CRS patients
with polyps; only one had CRS without polyps. Patients had
received an average of 4.6 courses of oral antibiotics in the
preceding 24 months (Range: 1 to 19). The full treatment
regimens of prior antibiotics were unavailable for review as
many patients were prescribed antibiotics prior to referral to
UF Health.
A. xylosoxidans was identified by routine culture in 11 of 18
patients (Figures 2 and 3). Among these 11 patients, only 4
patients also had A. xylosoxidans identified by sequencing.
Interestingly, 3 of these 4 patients showed a polymicrobial
composition by sequencing, with A. xylosoxidans abundance
ranging from 24% to 70% and 1 showed a 99% abundance of
A. xylosoxidans. The remaining 7 patients who were positive
on routine culture only for A. xylosoxidans did not undergo
culture-independent analysis techniques. In 7 of 18 patients, A.
xylosoxidans was identified by sequencing but not by culture
(Figure 3 Panel C). Interestingly, results of the DNA
sequencing analysis revealed a polymicrobial community that
includes A. xylosoxidans in all cases, but routine microbiologic
culture failed to identify A. xylosoxidans. A. insolitus were
cultured in 2 of the 7 patients, and Pseudomonas species were
cultured in 4 patients. All 18 patients received standard normal
saline sinus irrigations twice per day following functional
endoscopic sinus surgery. Only 5/18 patients (27%) received
oral TMP/SMX antibiotic therapy. 8 of 18 patients received a
different oral antibiotic. 5 of 18 patients did not receive an oral
antibiotic.
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ID Sample	
  Analysis Sensitive	
  to	
  Bactrim
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18

Comorbid	
  Bacteria
Culture	
  (Staph	
  aureus);	
  
Culture	
  &	
  DNA yes
DNA	
  (Staph	
  aureus)
Culture	
  	
  
yes
no
DNA	
  
yes
Achromobacter	
  insolitus
DNA	
  	
  
yes
Achromobacter	
  insolitus,	
  Pseudomonas	
  aeruginosa
Culture	
  	
  
yes
Staph	
  aeurus
Culture	
  	
  
yes
Staph	
  aeurus	
  
DNA	
  	
  
yes
no
Culture	
  (curvularian	
  species);	
  
Culture	
  &	
  DNA yes
DNA	
  (no)
DNA	
  
yes
Stenotrophomonas	
  maltophilia,	
  Pseudomonas	
  species
Culture	
  	
  
yes
few	
  curvularia	
  initial
Culture	
  (no);	
  
Culture	
  &	
  DNA yes
DNA	
  (Achromobacter	
  insolitus)
DNA	
  	
  
unknown	
  (DNA	
  only) Strep.agalactiae,	
  Moraella	
  catarrhalis
Culture	
  	
  
Not	
  tested
MRSA
Culture	
  	
  
yes
no
DNA	
  	
  
unknown	
  (DNA	
  only) Pseudomonas	
  aeruginosa
DNA
unknown	
  (DNA	
  only) Staph	
  aeurus,	
  Pseudomonas	
  aeruginosa
Culture	
  (sternotrophomonas,	
  staph	
  species);	
  
DNA	
  (sternotrophomonas	
  maltophilia,	
  staph	
  pseudintermedius)
Culture	
  &	
  DNA yes
Culture	
  	
  
yes
normal	
  flora

Figure 2: Culture & DNA results (Additional detail in Figure 3).

ID Dat e

antibiotics were treated with TMP/SMX. Of the 5 patients
treated with TMP/SMX, all but one (80%) reported symptom
improvement. Of the 5 patients who were not treated with oral
antibiotics, 1 had a positive OR culture (subjectively and
endoscopically improved at post-op appointment), 1 was
allergic to sulfa drugs (stable symptoms and endoscopic exam
at follow-up), 1 had previous cultures that were resistant to all
oral antibiotics, and 1 was non-compliant with topical sinus
rinses and was insistent on treatment with prednisone alone.
All A. xylosixidans isolates that were tested against
trimethoprim/sulfamethoxazole (TMP/SMX) were susceptible
to trimethoprim/sulfamethoxazole (TMP/SMX).

Discussion
To our knowledge, this is the only series describing CRS
patients with A. xylosoxidans-positive sinus samples.
Dat e

Cult ure Re sult s

1 6 S rDNA Se que nc ing

Positive on culture only

2 10/15/14

Heavy A.xylosoxidans

not done

5 5/2/14

A.xylosoxidans (1+), S.aureus (2+), normal flora (2+)

not done

6 11/30/15

A.xylosoxidans (4+), S.aureus (4+)

not done

10 9/4/14

A.xylosoxidans (2+), few curvularia

not done

13 6/20/16

A.xylosoxidans (moderate), MRSA(scant)

not done

14 7/1/14

A.xylosoxidans (1+), normal flora (1+)

not done

18 2/1/17

A.xylosoxidans (4+), normal flora (3+)

not done

Positive on
culture & DNA
pyrosequencing
Positive on DNA
pyrosequencing only

1 1/28/16

A.xylosoxidans (1+), S.aureus (3+)

1/28/16

A.xylosoxidans (24%), H.influenzae (39%), S.aureus (32%), fungi x3

8 3/10/16

A.xylosoxidans (3+), Curvularian species (1+)

3/9/16

A.xylosoxidans (99%), no fungi

11 2/4/15

A.xylosoxidans (3+)

2/4/15

A.xylosoxidans (70%), A.insolitus (29%), no fungi

17 1/12/17

A.xylo s o xida ns (3+), S te no tro pho m o na s m a lto philia (3+), C o a g ne g s ta ph (3+)

1/12/17

A.xylo s o xida ns (42%), S te no tro pho m o na s m a lto philia (36%), S .ps e udinte rm e dius (20%), fungi x2

3

not done

9/25/13

A.xylosoxidans (84%), A.insolitus (14%), fungi x2

4 9/11/14

P.aeruginosa (heavy)

9/11/14

A.xylosoxidans (31%), A.insolitus (70%), P.aeruginosa (7%), no fungi

7 4/2/15

Proteus mirabilis (3+), Fusarium species (1+)

4/1/15

A.xylosoxidans (98%), fungi x6

9 6/19/13

inadequate specimen quality

6/19/13

A.xylosoxidans (7%), Stenotrophomonas maltophilia (30%), Pseudomonas species x9

12

not done

2/8/16

A.xylosoxidans (87%), S.agalactiae (8%), M.catarrhalis (2%), no fungi

15 8/29/16

P.aeruginosa (2+)

8/29/16

A.xylosoxidans (3%), P.aeruginosa (95%), fungi x4

16

not done

12/21/16

A.xylosoxidans (9%), S.aureus (57%), P.aeruginosa (33%), no fungi

Figure 3: Culture and DNA results. Panel A details the results for patients with culture positive results only. Panel B details the results for patients
with culture and DNA positive results. Panel C details the results for patients with DNA positive results only. Available sequencing data is listed.
Sensitivity data for culture results is listed in Figure 4.
ID Pip/Tazo
1
S
2
R
5
S
6
S
8
S
10
S
11
S
13 Not	
  tested
14
S
17
S
18
S

Meropenem TMP/SMX
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
Not	
  tested
S
S
S
S
S
S

Ceftazideime
S
R
S
S
S
S
S
I
S
S
S

Ciprofloxacin
R
I
I
I
R
R
R
R
I
I
I

Levofloxacin
I
S
S
S
R
I
R
Not	
  tested
S
S
S

Figure 4: Antimicrobial sensitivities of A. xylosoxidans by subject.

For the 13 patients treated with an oral antibiotic after their
initial positive A. xylosoxidans event, 10 (76.9%) reported
improved symptoms and 11 (84%) showed improved
endoscopy findings. 5/13 (38%) patients who received oral
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Previously, Aanaes et al. reported that aggressive sinus surgery
can benefit cystic fibrosis patients whose sinus cultures had
grown A. xylosoxidans [12,13]. However, no literature to date
has examined the clinical and microbiologic characteristics of
CRS patients associated with A. xylosoxidans. Of note, none of
the patients in the current study had cystic fibrosis.
It is notable that all 18 patients had had previous functional
endoscopic sinus surgery prior to identification of A.
xylosoxidans. The implications of this are unknown, although
A. xylosoxidans have been recovered primarily in persons with
health care contact. Furthermore, the presence of A.
xylosoxidans may be dependent on the culture methods as not
all of our patients’ routine cultures grew A. xylosoxidans.
DNA-based 16S ribosomal sequencing has only recently been
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applied to sinus microbiome; these techniques offer expanded
possibilities for investigation, but are not currently standard of
care. Our practice views them as complementary to routine
culture techniques and employs the technology in recalcitrant
cases of CRS.
According to Lemanske and Busse, approximately 20% of
CRS patients have co-morbid asthma [14]. It is worth noting
that 66% of the patients in the present study with A.
xylosoxidans and CRS had asthma. While there is some
selection bias as more severe cases of unified airway CRS are
referred to tertiary care practices, the association between
asthma, A. xylosoxidans, and CRS warrants further
investigation. In the same manner, almost all of the patients in
the current study had CRS with polyps vs CRS without polyps,
but the significance of this is unclear currently.
A. xylosoxidans has an unusual susceptibility pattern in vitro.
A. xylosodians has intrinsic and acquired mechanisms for
antibiotic resistance. They contain intrinsic beta-lactamases,
enzymatic
modification
capabilities
(aminoglycoside
resistance), and efflux systems that increase minimum
inhibitory concentrations (MICs) of cephalosporins (except
cefepime), aztreonam, fluoroquinolones, chloramphenicol.
Extrudes Cefepime, carbapenems, some fluoroquinolones,
tetracyclines, and Erythromycin [15-23]. Suggested treatment
options
include
piperacillin/tazobactam
(Pip/Tazo),
meropenem, or TMP/SMX (1st line); ceftazidime,
minocycline, colistin, or chloramphenicol (2nd line);
meropenem PLUS ciprofloxacin/levofloxacin (combination
therapy). In the current series, no patients received IV
antibiotics following the identification of A. xylosoxidans.
Antimicrobial susceptibilities of A. xylosoxidans for the 18
patients are consistent with the treatment recommendations.
For the initial positive culture, 9 of the 11 samples were
sensitive to pip/tazo while 1 was resistant, 1 was not tested; 11
of 11 samples were sensitive to meropenem; and 10 of 11
samples were sensitive to TMP/SMX, 1 was not tested. 9 of 11
samples were sensitive to ceftazidime, 1 was intermediate, and
1 was resistant. Minocycline, colistin, and chloramphenicol
were not tested. 0 of 11 were sensitive to ciprofloxacin, 6 were
intermediate, and 5 were resistant. 6 of 11 were sensitive to
levofloxacin, 2 were intermediate, 2 were resistant, and 1 was
not tested.
The management decisions regarding observation, topical
saline irrigations, oral antimicrobials, and topical
antimicrobials were made on a patient-to-patient basis with
consideration given to the overall health status, medication
allergies, severity of CRS symptoms, severity of sinus
endoscopy findings, patient ability to tolerate side effects from
medical therapy, and unfortunately, patient access to certain
medications from a financial standpoint.
This study has several limitations. First, it was retrospective
with a small sample size. Secondly, no control group was
included for comparison. Finally, there was heterogeneity in
the treatments regimens and diagnostic approaches for A.
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xylosoxidans. More research into the utility of various cultureindependent techniques is needed. The goal of this study was
to provide clinical characteristics of CRS patients with A.
xylosoxidans by cultures and/or molecular sequencing, and
thus we could not draw any conclusions regarding the efficacy
of antibiotics or procedures given the variability of treatments
administered.

Conclusion
To our knowledge, this is the first literature that examines the
characteristics of patients with Achromobacter and chronic
rhinosinusitis. Achromobacter infection in the sinuses may be a
post-surgical disease, and TMP/SMX may be the only oral
antimicrobial to which A. Xylosoxidans is consistently
susceptible in vitro. The role of airway disease, association
with polymicrobial infections, and the extent to which
Achromobacter is an instigator of recalcitrant disease or a
bystander remains unclear and warrants further investigation.
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