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Abstract
Objective: To assess the use of bacterial culture findings for middle meatal samples obtained via anterior
rhinoscopy, in the diagnosis of adults with acute rhinosinusitis.

Materials and methods: Microbial cultures were prepared for 30 adult patients with acute rhinosinusitis and
suspected bacterial involvement, using samples from the nasopharynx, and from the nasal middle meatus
obtained via anterior rhinoscopy. Findings for the ipsilateral maxillary antrum were used as a reference.

Results: Seventeen patients had a bacterial infection as verified by a positive culture from the maxillary antrum.
Middle meatal samples had a similar sensitivity but a better specificity, positive predictive value and negative
predictive value, compared with nasopharyngeal samples, although predictive values were not statistically
significant at a 95 per cent confidence level.

Conclusion: Anterior rhinoscopy with culture of middle meatal samples can be recommended as a diagnostic
procedure for acute rhinosinusitis. The results can also guide the decision on antibiotic treatment.
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Introduction
Primary care physicians and otolaryngologists often
examine and treat patients with acute rhinosinusitis.
Acute rhinosinusitis is one of the most frequently
made diagnoses in adults. In European populations,
the incidence is reported to be 20–60 per 1000 per
year, according to the 2012 update of the European
position paper on rhinosinusitis and nasal polyps.1,2

A bacterial involvement is often suspected, and the
physician’s main management decision is whether to
treat with antibiotics or not. Despite the European pos-
ition paper guidelines, this decision can be difficult to
make.
A computed tomography (CT) scan can prompt sus-

picion of a bacterial infection if there is complete opa-
cification of the antrum, or a fluid level. Sinus
ultrasonography can detect secretion in the maxillary
antrum, and provides an easy and non-irradiating
alternative for this purpose.3

The recommended method of confirming bacterial
rhinosinusitis is a positive culture from aspirated fluid
from the maxillary antrum, after puncture through the
nasal cavity beneath the concha inferior. However,
this method is only acknowledged by otolaryngologists

and is not suitable for routine diagnosis in primary
care.3,4

In primary care, nasopharyngeal cultures are common.
However, nasopharyngeal culture has been proven to
correlate inadequately with results from aspirated sinus
secretions.5 Other studies have shown that middle
meatal cultures are a good alternative, using an endo-
scope to obtain the specimen.6,7 Animal studies have
shown a good correlation between culture findings in
the middle meatus and the maxillary antrum.8

In primary care, the physician is usually confined to
anterior rhinoscopy – nasal endoscopes are rarely
available. Otolaryngologists routinely use anterior rhi-
noscopy in the initial assessment of the nasal cavity of
patients with acute rhinosinusitis. It is an easy first line
of examination and should always be performed for
such patients.1

In light of the above, the present study aimed to
establish the correlation between culture findings for
the middle meatus, obtained via anterior rhinoscopy,
and culture findings for maxillary antrum secretions,
and to assess whether this correlation was better than
that between culture findings for the nasopharynx and
the maxillary antrum.
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Materials and methods

Study participants

Adult patients, i.e. 18 years or older, were recruited
from the ENT department of Örebro University
Hospital, Sweden. Patients were included if they had
discoloured discharge from the middle meatus on
anterior rhinoscopy, or complete opacification or a
fluid level on radiological examination, and 2 or
more of the following symptoms: congested nose,
nasal secretion, facial pressure or pain, and loss of
smell for more than 10 days but less than 3 months.1,2

Patients with maxillary sinusitis of suspected dental
origin were excluded.
Information about previous sinus disease and

ongoing antibiotic treatment was obtained. Ongoing
antibiotic treatment was defined as antibiotic medi-
cation on the day of bacterial cultures or antibiotic treat-
ment completed less than 2 days prior to cultures.
Most of the patients had been referred to the ENT

department by their primary care physician, but four
were emergency cases.

Culture samples

Culture samples were obtained from each subject’s
nasopharynx using a thin, cotton-tipped aluminium
swab threaded through the nasal cavity.
The concha media and middle meatus were visual-

ised by anterior rhinoscopy with a head lamp as the
light source. In most cases, a nasal vasoconstrictive
spray was administered, before obtaining the culture
sample from the middle meatus using the same type
of swab used in the nasopharynx.
After topical anaesthesia, a needle was used to punc-

ture the ipsilateral maxillary antrum via the nasal
cavity, beneath the concha inferior, and secretion was
aspirated into a syringe. If no secretion was obtained,
a few millilitres of saline were instilled into the sinus
and aspirated after approximately 1 minute.
Samples from the nasopharynx and the middle

meatus were transported to the laboratory in transport
medium. The maxillary antrum sample was transported
in the aspiration syringe.

Laboratory analysis

Samples from all three locations were cultured on blood
agar medium (4.25 per cent Columbia II agar) and on
blood agar medium incorporating 0.5 per cent gentian
violet.
The maxillary antrum samples were also cultured

on gonococcal (also termed GC) agar (gonococcal
medium base, 3.6 per cent; Difco, BD Diagnostic
Systems, Sparks, Maryland, USA), on mannitol agar
(mannitol salt, 11.1 per cent; BBL, BD Diagnostic
Systems) and in fastidious anaerobe broth with glucose
1 per cent. Samples were incubated for 2–7 days at
37°C.
Bacterial type was identified according to the routine

diagnostic procedures of the clinical bacteriology

section of the laboratory medicine department,
Örebro University Hospital. The finding of coagu-
lase-negative staphylococci in all three locations was
considered to represent contamination, and was
recorded as equivalent to a negative culture finding.
Radiological findings were also documented.

Ethical considerations

The study subjects gave informed consent to their par-
ticipation. The study was approved by the Regional
Ethics Review Board, Uppsala.

Statistical analysis

A power calculation was made using the matched-pairs
design in the case of binary responses. Based on our
clinical experience, we made the assumption that
culture findings for nasopharyngeal samples and for
maxillary antrum samples should have 40 per cent
agreement, and that culture findings for middle
meatal samples and for maxillary antrum samples
should have approximately 80 per cent agreement.
Consequently, 30 individuals were required in order
to detect a difference between the two test methods
with at least 80 per cent power.
The 95 per cent confidence intervals for the test

methods’ sensitivity, specificity and predictive values
were calculated with binomial distribution using
Stata® software.

Results
Thirty patients were included, 6 men and 24 women.
The age range was 21 to 81 years, with a mean age
of 45 years.
Radiological investigations were performed on 29

patients, using plain X-ray or CT scans. In all examin-
ations, the affected sinus showed complete opacifica-
tion or a fluid level. One patient (number 16)
received no radiological examination.
The culture findings for the nasopharynx, ipsilateral

middle meatus and maxillary antrum are displayed in
Table I. In 17 patients, bacterial infection was verified
by a positive antral culture. The antibiotic sensitivity of
these isolates was analysed. There were five cases
caused by pneumococci, all with normal sensitivity
to penicillin V. None of the seven Haemophilus influ-
enzae strains produced beta-lactamase, and all three
cases with Staphylococcus aureus were sensitive to
isoxa-penicillin. Thirteen patients had ongoing anti-
biotic treatment. Bacterial growth was present in the
maxillary antrum in seven cases despite ongoing anti-
biotic treatment at the time of sinus aspiration and
culture. Four patients treated with penicillin V had H
influenzae on maxillary antrum culture, one patient
with Streptococcus pneumoniae had ongoing treatment
with amoxicillin, one patient with S aureus had
ongoing treatment with amoxicillin and clavulanic
acid, and one patient with Moraxella catarrhalis had
ongoing treatment with doxycycline. In 13 patients,
the maxillary antrum culture was negative; one of
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these cultures grew coagulase-negative staphylococci.
Six of these patients were receiving ongoing antibiotic
treatment and seven were untreated. Patients with posi-
tive maxillary antrum cultures did not differ in their
clinical appearance from patients with negative maxil-
lary antrum cultures.
Previous episodes of acute sinusitis were reported by

23 patients (77 per cent). None of the patients experi-
enced any complication of the disease, and all recov-
ered without developing chronic inflammation of the
sinuses.
The sensitivity, specificity, and positive and negative

predictive values of the two test methods (i.e. culture
from the nasopharynx and from the middle meatus)

are presented in Table II, with the maxillary antrum
culture findings used as a reference. There was no stat-
istically significant difference between the two test
methods regarding sensitivity, specificity, or positive
or negative predictive values.

Discussion
It is important to try to identify the bacterial cause of
acute rhinosinusitis in order to offer correct antibiotic
treatment and to avoid antibiotics in cases that are of
non-bacterial origin. To avoid the development of
antibiotic resistance, the treatment should be well
motivated with a microbial spectrum which is as
narrow and accurate as possible.

TABLE I

CULTURE RESULTS

Pt no Sex Age (y) Maxillary antrum aspirate Cultured organism & growth level

Nasopharynx Middle meatus Maxillary antrum

1 F 21 Mucopurulent H influenzae ++ – –
S pneumoniae +

2 F 35 Purulent M catarrhalis + – –
3 F 37 Mucopurulent S aureus + CNS + –
4 M 26 Mucous – – CNS +
5 F 59 Purulent – – M catarrhalis +
6 M 22 Purulent H influenzae + CNS + –
7 F 25 Mucous – – –
8 F 26 Purulent S pneumoniae ++ S pneumoniae +++ S pneumoniae +++
9 F 24 Purulent M catarrhalis + – M catarrhalis +
10 F 29 Mucopurulent H influenzae + H influenzae + H influenzae +++
11 M 35 Purulent – CNS + H influenzae +++
12 F 47 Seromucous S pneumoniae + S pneumoniae + S pneumoniae +
13 F 50 Purulent – – –
14 M 75 Serous H influenzae +++ H influenzae +++ –
15 F 62 Purulent CNS + – –
16 F 78 Purulent H influenzae + H influenzae +++ H influenzae +++
17 F 23 Purulent – S pneumoniae ++ S pneumoniae +++
18 F 41 None – – –
19 F 59 None P aeruginosa + – –
20 F 81 Purulent S aureus +++ S aureus +++ S aureus +++
21 M 62 Mucopurulent – – –
22 F 61 Purulent – – H influenzae +++
23 F 42 Mucous H influenzae ++ H influenzae ++ H influenzae +
24 F 46 Purulent – – H influenzae +
25 F 34 Purulent CNS + CNS + –
26 F 46 None H influenzae +++ H influenzae ++ H influenzae +
27 F 60 Purulent S pneumoniae ++ S pneumoniae + S pneumoniae +++
28 F 37 Purulent – CNS + S aureus +
29 F 49 Purulent – – S pneumoniae +
30 M 64 Purulent S aureus + S aureus + S aureus +

Bacterial growth levels: +=minor; ++=moderate; +++=abundant; – = none. Pt no= patient number; y= years; F= female;
M= male; CNS= coagulase-negative staphylococci

TABLE II

ACCURACY OF TEST METHODS∗

Site Sensitivity Specificity PPV NPV

n (%) 95% CI† n (%) 95% CI† n (%) 95% CI† n (%) 95% CI†

Nasopharynx 10/17 (59) 33–82 7/13 (54) 25–81 10/16 (62) 35–85 7/14 (50) 23–77
Middle meatus 10/17 (59) 33–82 12/13 (92) 64–100 10/11 (90) 59–100 12/19 (63) 38–84

∗Compared with maxillary antrum culture as the reference method. †95% CI= 95% confidence interval of percentages. PPV= positive pre-
dictive value; NPV= negative predictive value
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Symptomatic treatment for pain and for nasal con-
gestion (with intranasal decongestants and/or cortico-
steroids) is also often indicated.
Antibiotic treatment is primarily indicated for

patients who have severe facial pain, fever or a threaten-
ing complication of rhinosinusitis, but it can also be
considered in patients with moderate symptoms if a
bacterial infection is verified.1,9,10 The benefits of anti-
biotic treatment in cases of acute bacterial rhinosinusi-
tis with moderate symptoms must be weighed against
the potential for adverse effects.1,9

In the present study, despite the identification of a
fluid level or complete opacification on radiological
examination, 13 patients had no bacterial growth
from maxillary antrum samples. Six of them were
receiving ongoing antibiotic treatment; considering
the possibility of a laboratory artefact, these patients
may still have had a bacterial infection. However, at
least 23 per cent (7/30) had a non-bacterial rhinosinu-
sitis and would have benefitted from symptomatic treat-
ment only.
The sensitivity of the cultured pneumococcal and H

influenzae strains to penicillins is encouraging, and
reflects the low prevalence of antibiotic resistance
found in airway pathogens in Scandinavia.11,12

To our best knowledge, the present study is the first
to correlate culture findings for the nasopharynx,
and for the nasal middle meatus sampled via anterior
rhinoscopy, with those for the maxillary antrum. The
results indicate that bacterial findings for the maxillary
antrum correlate slightly better with those for middle
meatal secretions than those for the nasopharynx.
Nasopharyngeal cultures had more false positive
results (6 of 16) than middle meatal cultures (1 of
11), which is reflected in the better positive predictive
value and specificity for middle meatal testing. Thus, it
appears that nasopharyngeal specimens are more likely
to be contaminated by irrelevant bacteria in the nasal
vestibulum, compared with middle meatal specimens
collected by anterior rhinoscopy.
Negative culture findings for the maxillary antrum,

interpreted as non-bacterial rhinosinusitis, were also
better identified by middle meatal sampling than
nasopharyngeal sampling, reflected in the compara-
tively advantageous specificity and negative predictive
value of middle meatal sampling. However, there were
false negative results for both methods: 7 of 14 for
nasopharyngeal samples and 7 of 19 for middle
meatal samples. Ongoing antibiotic treatment in 13
patients should have affected culture findings for all
three locations, and was not considered to alter the cor-
relations between results for the maxillary antrum
versus the two test methods.
The sensitivity of both test methods in detecting

bacterial rhinosinusitis was 0.59; this was inferior to
the reported sensitivity of sampling from the mid-
dle meatus as visualised by rigid endoscopy,6 a tech-
nique which should be preferred if available. One is
more likely to reach the ostial area with the swab

when using endoscopy compared with anterior rhino-
scopy. Thus, endoscopic swabbing of the middle
meatus appears to enable culture sample collection
that more sensitively detects microbes in the maxillary
antrum, compared with middle meatal sampling via
anterior rhinoscopy.
The reference method of aspirating secretions from

the maxillary antrum for culture should still be in
use by otolaryngologists. It is the most accurate way
of detecting relevant pathogens, and the collection
method makes it possible to treat the patient’s infection
by antral irrigation and drainage at the same time.5,13

However, the benefits of antral irrigation and drainage
in acute rhinosinusitis were questioned in the 2012
European position paper,1 and more studies are
needed to elucidate the effects of this treatment option.
It is important to note that predictive values are influ-

enced not only by the quality of the test method but
also by the prevalence of the condition studied – in
this study, bacterial rhinosinusitis, confirmed with
positive maxillary antrum culture.14 The difference
between the two test methods was not statistically sig-
nificant at a 95 per cent confidence level. A significant
difference may have been detected with a larger study
population. However, there was a trend towards better
diagnostic quality for middle meatal sampling via
anterior rhinoscopy, compared with nasopharyngeal
sampling, in detecting a bacterial cause of acute rhino-
sinusitis. Anterior rhinoscopy, preceded by the admin-
istration of a local vasoconstrictive spray, is still the
first line of examination used by otolaryngologists,
and general practitioners should be encouraged to
perform this examination.

• Acute rhinosinusitis patients were studied

• Maxillary antrum culture results correlated
slightly better with middle meatal results
(sampling via anterior rhinoscopy) than with
nasopharyngeal results

• The sensitivity of both latter methods was
inferior to middle meatal culture via rigid
endoscopy

• In the absence of rigid endoscopy, middle
meatal sampling via anterior rhinoscopy is
recommended

• Results can establish the microbial diagnosis
and inform antibiotic treatment decisions

In cases of acute rhinosinusitis, a reasonable treatment
regime would use symptomatic medication if there are
mild or moderate symptoms and no threatening or
manifest complications. In doubtful cases, the decision
to treat with antibiotics or not can wait until the results
of bacterial culture are available. If the culture is nega-
tive, symptomatic medication should be continued.
Only if there is a positive middle meatal culture and
persistent or worsening symptoms should antibiotic
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treatment be prescribed. A CT or ultrasound examin-
ation may be of additional help in making this decision.

Conclusion
In the search for a bacterial cause of acute rhinosinusi-
tis, the present study findings indicate that culture
sampling from the middle meatus via anterior rhino-
scopy is preferable to standard nasopharyngeal
culture, and that this procedure can be recommended
to primary care physicians and otolaryngologists
alike. When diagnosing acute rhinosinusitis, anterior
rhinoscopy should be regarded as the first line of
examination of the nasal cavity, and should precede
the decision to treat with antibiotics or not;
middle meatal culture sampling is easily performed at
the same time.
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