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Abstract: Chronic rhinosinusitis (CRS) and obstructive sleep apnea (OSA) are both highly prevalent
chronic diseases in the United States. Association between culture positivity of CPAP machines
and sinus samples has not been studied in patients with both disease states. Our objective was to
compare the microbes present in the sinus cavities and CPAP reservoirs of patients with both CRS
and OSA. Patients from an academic tertiary care Rhinology practice were identified with both CRS
and OSA and enrolled prospectively. Inclusion criteria included age over 18 years; diagnosis of
OSA by sleep study; regular CPAP use; and an active diagnosis of CRS. Exclusion criteria included
treatment with antibiotics or cleaning of the CPAP reservoir in the month prior. Cultures were taken
from participants’ sinus cavities and CPAP reservoirs and resulting microbial growth was compared.
The most common organisms on CPAP culture were Enterobacter cloacae and Acinetobacter baumanii,
whereas the most common on sinus culture were Staphyloccoccus aureus and Pseudomonas aeruginosa.
Microbial growth from the sinus cavities and the CPAP reservoirs were not concordant in any of our
patients. There is no association between bacterial colonization of the CPAP reservoir and the sinus
cavities of those with CRS and OSA based on microbiologic cultures.
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1. Introduction

Chronic rhinosinusitis (CRS) is an end result of over 12 weeks of symptoms from underlying
inflammation of the lining of the paranasal cavities, leading to over 18.3 million office visits a year [1].
Patients with CRS see primary care providers twice as much as those without the disease, and are
five times more likely to be prescribed antibiotics [2]. The presentation of this disease can be highly
variable, and the etiology remains poorly understood. The pathophysiology is likely multi-factorial,
involving infectious agents, innate and adaptive immune responses, and other host and environmental
factors [3]. As there is currently no standardized therapy for CRS, patients are managed using
a combination of strategies, including systemic and topical corticosteroids, antimicrobial agents,
intranasal saline, immune modulators, and endoscopic sinus surgery [4].

Obstructive sleep apnea (OSA) is another common chronic disease, found in 9%–26% of middle
aged adults and characterized by the presence of five or more episodes of complete (apnea) or partial
(hypopnea) airflow obstruction per hour while asleep [5]. Untreated OSA is thought to contribute
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$3.4 billion annually to U.S. health care costs [6]. The gold standard treatment for this condition
is continuous positive airway pressure (CPAP), which functions to splint the upper airway open
during both inspiration and expiration, and thus counteracts the structural airway abnormalities
leading to collapse during sleep [5]. Unfortunately, the use of CPAP may lead to upper airway dryness
and nasal congestion, side effects which may compromise patient compliance and satisfaction [7].
Heated humidification has been shown to yield higher compliance, increased satisfaction, feeling
more refreshed on awakening, and greater comfort as opposed to using CPAP without humidity [7,8].
However, Sanner et al. found that users of CPAP with humidification experienced an increased rate of
upper airway infection compared to OSA patients utilizing non-CPAP therapies, with a significantly
higher rate observed in patients who cleaned their devices inadequately [9].

The association between OSA and CRS has not been extensively studied. Chin et al. administered
the chronic sinusitis survey (CSS) to OSA patients who were regular CPAP users and analyzed the
relationship between CPAP reservoir culture positivity and CRS symptomatology based on CSS scores,
finding no association between the two [10]. Of note, this group excluded patients with a known
history of CRS, thus leaving a gap in our knowledge about how CPAP culture positivity may affect
this subgroup of patients.

To our knowledge, no studies to date have examined the association between microbes present in
the sinonasal cavities and CPAP machine reservoirs of patients with known diagnoses of both CRS
and OSA. In this study, we first set out to establish the rate of CPAP reservoir culture positivity in
patients with CRS. In addition, we aimed to compare bacterial culture results from sinonasal cavities
and CPAP reservoirs of patients with both OSA and CRS to determine if an association existed.

2. Materials and Methods

After approval was obtained from the Institutional Review Board, study participants were
identified at an academic tertiary care Rhinology practice using ICD-9 codes for obstructive sleep
apnea and chronic rhinosinusitis. Patients were either contacted on the phone or met with a research
assistant in clinic to determine if they met the inclusion criteria: age over 18 years, diagnosis of
OSA by polysomnography, regular CPAP use (meaning use of the machine all night, every night
and waking up with the machine still on and attached in correct postion), and an active diagnosis
of CRS (not symptomatically controlled, with objective evidence via CT and/or nasal endoscopy of
CRS). Exclusion criteria were: treatment with antibiotics or cleaning of the CPAP reservoir in the
month prior to enrollment. If participants met criteria and were interested in participation they were
prospectively enrolled in the study, gave written informed consent, and had cultures taken from their
sinonasal cavities. If the patients had not been operated on in the past, the culture was taken from the
middle meatus. If they had been operated on, a culture was taken directly from the diseased sinus.
If participants were able to bring their CPAP reservoirs in, cultures were taken from the hydration
chambers of the machines at that time as well. Otherwise, patients were given a culture swab with
instructions on how to culture their CPAP reservoirs and return the swab for laboratory testing.

Both sets of swabs from each patient were cultured and results of speciation were recorded.
Swabs were transported in Amies gel medium, appropriate for both aerobic and anaerobic growth.
Resulting microbial growth from sinonasal cavity samples for each patient were compared to microbial
growth from that individual’s CPAP reservoir. Cultures were reported in a standard 1+ through 4+
fashion based on the common practice of cultures being inoculated onto media using a sterile loop
that sequentially dilutes the specimen from the first area or quadrant of the medium to the last area or
quadrant. Results are then reported depending on which areas or quadrants demonstrate bacterial
growth with 4+ showing bacterial growth even with the most dilute concentration of specimen.
Specimens were processed on the day of submission.
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3. Results

Ten patients meeting inclusion criteria were enrolled in the study and nine had both sinonasal
and CPAP reservoir samples obtained. Of these nine patients remaining at the conclusion of the
study, seven (78%) were male and two (22%) were female. Mean age was 52 (range, 39–68 years), and
four (44%) had undergone endoscopic sinus surgery in the past. All patients had undergone multiple
courses of antibiotics previously (although none in the month leading up to the culture), including
amoxicillin, amoxicillin with clavulanate, levofloxacin, ciprofloxacin, cephalexin, and doxycycline.
All patients who had previously undergone sinus surgery had already been on CPAP prior to that
intervention and continued to use it after the surgery.

The final culture results for the nine patients with both sets of samples taken are listed in Table 1.
All nine CPAP reservoir samples displayed culture positivity. The most common organisms on CPAP
culture were Enterobacter cloacae, Acinetobacter baumanii, Candida parapsilosis, and Brevidimonas diminuta.
All sinus cultures were also positive, but with differing organisms. The most common on sinus
culture were Staphyloccoccus aureus, Staphlococcus epidermidis, and Pseudomonas aeruginosa. Speciation of
microbial growth from sinonasal samples was not associated with CPAP reservoir growth in any of the
nine study participants.

Table 1. CPAP reservoir and sinonasal culture results.

Patient CPAP Reservoir Culture Sinonasal Sample

1

1+ Enterobacter cloacae
3+ Burkholderia cepacia complex

1+ Staphylococcus coagulase negative
1+ Candida parapsilosis

1+ Rhodotorula mucilaginosa

1+ Staphylococcus aureus

2 2+ Enterobacter cloacae
2+ Brevundimonas diminuta

2+ Staphylococcus aureus
1+ Staphylococcus epidermidis

3 1+ Trichosporon asahii
1+ Serratia marascens 4+ Pseudomonas

4 1+ Acinetobacter baumanii 2+ Staphylococcus aureus

5 2+ Acinetobacter baumanii 2+ Staphylococcus aureus
1+Staphylococcus epidermidis

6 2+ Candida parapsilosis 2+ Pseudomonas
1+ Staphylococcus epidermidis

7 2+ Enterobacter cloacae
1+ Brevundimonas diminuta 2+ Citrobacter koseri

8 2+ Enterobacter cloacae
1+ Acinetobacter baumanii 2+ Pneumococcus

9 1+ Enterobacter cloacae 2+ Staphylococcus aureus
1+ Pseudomonas

4. Discussion

Though cultures of all CPAP machine reservoirs tested in our study produced bacterial growth,
we found no association between bacterial colonization of the CPAP reservoir and the sinus cavities
of patients with both CRS and OSA. This finding reflects that observed by Chin et al. with one major
exception. Whereas Chin et al. found culture positivity in only 48.6% of CPAP reservoirs, we witnessed
this phenomenon in 100% of our samples, albeit our sample size was small [10]. This finding lends
evidence to the theory that the warm, moist environment of CPAP machine reservoirs is conducive to
bacterial growth, but this microbial proliferation does not appear to have clinical relevance in relation
to CRS.



Sinusitis 2016, 1, 44–48 47

In our study, the three most commonly observed microorganisms on sinus culture were
Staphyloccoccus aureus, Staphlococcus epidermidis, and Pseudomonas aeruginosa. This finding is
concordant with prior studies showing that the most common bacterial isolates in CRS patients
undergoing endoscopic sinus surgery are coagulase-negative Staphlococcus, gram-negative rods,
and Staphylococcus aureus [11,12]. Chin et al. found that the most commonly cultured organisms
from CPAP reservoirs were gram-negative rods [10]. Consistent with the Chin study, three of
the four most commonly cultured organisms from our study participants’ CPAP reservoir
samples (Enterobacter cloacae, Acinetobacter baumanii, and Brevidimonas diminuta) are classified as
gram-negative rods.

The small sample size of our study is an important limitation. Although we cannot make
any statistically significant conclusions regarding our data and results, our findings are certainly
interesting, as no patient displayed any association between microbial growth cultured from their
sinonasal samples and CPAP reservoirs. Our observations are similar to those of Lee et al., who found
that culture positivity of nasal irrigation bottle and fluid was not related to higher infection rates
following endoscopic sinus surgery [13].

Another important limitation of this study stems from the growing knowledge we have of the
sinus microbiome. Recent studies have shown a vast and diverse array of bacteria living within both
normal and diseased sinuses, with many of these organisms not regularly identified on microbial
culture [14–16]. Whether or not the bacteria found in the CPAP cultures may have joined this larger,
less readily measurable population is unknown. The cost of PCR and other advanced techniques has
generally limited full examination of the microbiome to research environments, and clinicians still rely
heavily on culture results to drive therapy. In this study we chose to limit our investigation to the tool
most commonly used clinically to search for bacterial growth, but certainly further study using those
other tools may demonstrate more subtle additions or changes to the microbial environment of the
sinuses in these patients.

Although we did not observe a direct association between microbial growth in CPAP reservoirs
and sinonasal samples, proper care and cleaning of CPAP reservoirs should be emphasized to patients
diagnosed with OSA, as prior evidence has shown that this population experiences an increased rate of
upper airway infections [10]. As the development and perpetuation of CRS is still poorly understood,
it may be possible that microbial growth from CPAP machines still plays a role in the etiology of
CRS, perhaps by altering innate and/or adaptive immune response prior to the development of CRS.
Additionally, given the subtypes of CRS and their varied responses to different therapies, we support
the continued investigation of infectious sources for CRS symptoms, including culturing sinonasal
samples and tailoring antibiotic choice to speciation and sensitivity results.

To our knowledge, this is the first study to examine the association between microbes present in
the sinus cavities and CPAP machine reservoirs of patients with known diagnoses of both CRS and
OSA. We found that culture results from both sinonasal and CPAP reservoir samples reflected data
published in the literature about which microbes are most typical in these settings, lending credibility
to our study despite its small sample size. We conclude it is unlikely, in OSA patients suffering
CRS symptoms, that the bacteria growing in their CPAP machine is leading to the development or
perpetuation of their CRS.

5. Conclusions

We found no association between microbial culture of the CPAP reservoirs and the sinus cavities
of patients with dual diagnoses of CRS and OSA. Further study looking more deeply into the
microbiome with enhanced tools for measuring bacterial growth may further our knowledge of
this subset of patients.
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