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Abstract

Rhinosinusitis (RS) is an inflammation of the mucous membrane that lines the paranasal sinuses is. It is a common disorder
related to inflammation of your nasal passages and sinus cavities. Most cases of rhinosinusitis are caused by allergies or
infection. Rhinosinusitis is divided into four categories based on duration of symptoms and frequency of onset into: Acute
rhinosinusitis, sub-acute rhinosinusitis, chronic rhinosinusitis and recurrent rhinosinusitis. Several respiratory viruses may
infect the upper respiratory tract and cause Acute and chronic rhinosinusitis. These include, for example, human rhinovirus,
respiratory syncytial virus (RSV), influenza, parainfluenza viruses, coronavirus and adenovirus. Some bacteria are also
found to cause rhinosinusitis such as Pseudomonas spp., Corynebacterium spp certain Streptococcus spp., Staphylococcus
aureus and Haemophilus influenza. Common symptoms of rhinosinusitis include thick nasal mucus, a plugged nose, and
pain in the face. Other signs and symptoms may include fever, headaches, poor sense of smell, sore throat, and cough. The
paper aimed at reviewing the role microorganisms played in acute and chronic rhinosinusitis.

dysfunction [4]. Viral Rhinosinusitis is the most prevalent
form. It is estimated that adults have on average 2 to 5
episodes of cold per year and children have 6 to 10 years
[3]. However, it is difficult to precisely define this
prevalence because most patients who have flu or cold do
o . . . not go to the doctor. Out of viral episodes, about 0.5% to
Rhinosinusitis (RS) is an inflammation of the mucous 10% progress to bacterial infections, which explains the

membrane.that lines the pargnasal SINUSESIS [1]. Tt is a high prevalence of this affection in the general population
common disorder related to inflammation of your nasal 5]

passages and sinus cavities [2]. About 1 out of every 8
people experience rhino sinusitis every year, so you will
likely experience this; particularly if you have any of the
risk factors which includes: smoking, elderly, air travel or
other activities that changes air pressure (like scuba
diving), swimming, asthma, allergies, dental problems, or a
weakened immune system [3]. Rhino sinusitis (RS) is
characterized by inflammation of nasal and paranasal
sinuses mucosa, which is one of the most prevalent upper
airways affections. Rhinosinusitis is as result of infectious
viral, bacterial or fungal processes and may be associated
with allergy, nasosinusal polyposis and mucosa vasomotor

Keywords: Rhinosinusitis, Bacteria, Virus, infection,
chronic, acute.

Introduction

The most common symptoms of Rhinosinusitis include
thick nasal mucus, a plugged nose, and pain in the face [6].
Other signs and symptoms may include fever, headaches,
poor sense of smell, sore throat, and cough [7,8]. The cough
is often worse at night and serious complications are rare
[8]. It is defined as acute rhinosinusitis (ARS) if it lasts less
than four weeks and as chronic rhinosinusitis (CRS) if it
lasts for more than 12 weeks [6]. Sinusitis can be caused by
infection, allergies, air pollution, or structural problems in
the nose [7]. Most cases are caused by a viral infection[7].

and begin to multiply and this often happens during a cold.
The body’s reaction to the infection causes the sinus lining to
swell, blocking the channels that drain the sinuses [8]. This
causes mucus and pus to build up in the sinus cavities. This
build-up and the associated symptoms can become more
severe. Allergies and other medical conditions can worsen
the course of infection, though the acute infection is usually
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A bacterial infection may be present if symptoms last more
than ten days or if a person worsens after starting to
improve [6]. Recurrent episodes are more likely in people
with asthma, cystic fibrosis, and poor immune function [6].
Rhinosinusitis is considered as common condition which
generally occurs when viruses or bacteria infect the sinuses
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caused by a virus or bacteria. An acute infection lasts
usually days but can last for up to four weeks. Chronic
rhinosinusitis sees symptoms last for more than twelve
weeks and is usually caused by prolonged inflammation,
rather than a persistent infection. Chronic rhinosinusitis
can present with or without polyps and may be associated
with other medical conditions [7].

Classification of Rhinosinusitis

Rhinosinusitis cases are mostly caused by infections or
allergy. Rhinosinusitis is divided into four categories based
on duration of symptoms and frequency of onset as follows;

e Acute rhinosinusitis: In acute rhinosinusitis, the
symptoms last less than four weeks

e Sub-acute rhinosinusitis: In sub-acute rhinosinusitis,
the symptoms last between four and twelve weeks

e Chronic rhinosinusitis: Chronic rhinosinusitis is the
one with symptoms last longer than twelve weeks

e Recurrent rhinosinusitis: Recurrent rhinosinusitis is
the one with frequent episodes of rhino sinusitis
throughout the year i.e. four or more episodes per year

[9].
Signs and symptoms

Headache, facial pain or pressure of a dull, constant, or
aching sort over the affected sinuses is common with both
acute and chronic stages of sinusitis. This pain is typically
localized to the involved sinus and may worsen when the
affected person bends over or when lying down. Pain often
starts on one side of the head and progresses to both sides
[10]. Acute sinusitis may be accompanied by thick nasal
discharge thatis usually green in color and may contain pus
(purulent) and/or blood [11]. Often a localized headache or
toothache is present, and it is these symptoms that
distinguish a sinus-related headache from other types of
headaches, such as tension and migraine headaches.
Another way to distinguish between toothache and
sinusitis is that the pain in sinusitis is usually worsened by
tilting the head forwards and with valsalva maneuvers [12].

In addition, Infection of the eye socket is possible in
Rhinosinusitis, which may result in the loss of sight and is
accompanied by fever and severe illness. Another possible

complication in Rhinosinusitis is the infection of the bones
(osteomyelitis) of the forehead and other facial bones -
Pott's puffy tumor [10]. Sinus infections can also cause
middle ear problems due to the congestion of the nasal
passages. This can be demonstrated by dizziness, "a
pressurized or heavy head", or vibrating sensations in the
head. Post-nasal drip is also a symptom of chronic
rhinosinusitis. Halitosis (bad breath) is often stated to be a
symptom of chronic rhinosinusitis; however, gold standard
breath analysis techniques have not been applied.
Theoretically, there are several possible mechanisms of
both objective and subjective halitosis that may be involved
[12].

A 2004 study suggested that up to 90% of "sinus
headaches" are actually migraines [13]. The confusion
occurs in part because migraine involves activation of the
trigeminal nerves, which innervate both the sinus region
and the meninges surrounding the brain. As a result, it is
difficult to accurately determine the site from which the
pain originates. People with migraines do not typically have
the thick nasal discharge that is a common symptom of a
sinus infection [14].

Acute Rhinosinusitis (ARS)
Acute sinusitis is usually precipitated by an earlier upper

respiratory tract infection, generally of viral origin, mostly
caused by rhinoviruses, coronaviruses, and influenza

viruses, others caused by adenoviruses, human
parainfluenza viruses, human respiratory syncytial virus,
enteroviruses other than rhinoviruses, and

metapneumovirus. If the infection is of bacterial origin, the
most common three causative agents are Streptococcus
pneumoniae, Haemophilus influenzae and Moraxella
catarrhalis [15]. Until recently, Haemophilus influenzae was
the most common bacterial agent to cause sinus infections.

However, introduction of the H. influenza type B (Hib)
vaccine has dramatically decreased H. influenza type B
infections and now non-typable H. influenza (NTHI) are
predominantly seen in clinics. Other sinusitis-causing
bacteria pathogens include Staphylococcus aureus and
other Streptococci species, anaerobic bacteria and, less
commonly, gram negative bacteria. Viral sinusitis typically
lasts for 7 to 10 days [15], whereas bacterial sinusitis is
more persistent. Approximately, about 0.5% to 2% of viral
sinusitis results in subsequent bacterial sinusitis. It is
thought that nasal irritation from nose blowing leads to the
secondary bacterial infection [16]. Acute episodes of
sinusitis can also result from fungal invasion. These
infections are typically seen in patients with diabetes or
other immune deficiencies (such as AIDS or transplant
patients on immunosuppressive anti-rejection
medications) and can be life-threatening. In type I diabetics,
ketoacidosis can be associated with sinusitis due to
mucormycosis [9]. Chemical irritation can also trigger
sinusitis, commonly from cigarette smoke and chlorine
fumes [1]. Rarely, it may be caused by a tooth infection [15].
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Acute Rhinosinusitis and Microorganisms

Several respiratory viruses may infect the wupper
respiratory tract and cause Acute Rhinosinusitis (ARS).
These include, for example, human rhinovirus, respiratory
syncytial virus (RSV), influenza and parainfluenza viruses,
coronavirus, adenovirus, and less frequently,
enteroviruses, bocavirus, Ebstein-Barr virus, and human
metapneumovirus (hMPV) [17,18]. The most common viral
pathogen causing ARS is human rhinovirus, which is the
pathogen in most of the cases during ARS episodes. [17,18]
The relative proportions of different viral pathogens
depend on the time of year, the age and location of the
patient, and the method used to identify the pathogen.
According to [19], the viral cause of ARS includes;
Rhinovirus 30-50%, Respiratory Syncytial Virus 5-10%,
Influenza A 5-22%, Influenza B 0-13%, Para-influenza 5-
10%, Corona 2-15%, Adenovirus 1-9% and Bocavirus 2-
19%.

Bacteria are believed to co-infect or complicate ARS in a
small proportion of patients. The nasopharynx has been
suggested to be the reservoir of bacterial pathogens for the
nasal cavity and middle meatus [20]. Debate on whether the
paranasal sinuses are sterile in the absence of sinus
abnormalities continues [1]. Studies pro and con exist,
however, most of the studies suggesting non-sterility
report findings of other bacteria than the ones currently
considered as ARS pathogens [21,22]. This raises the
question of whether these findings are of clinical relevance.
Bacterial ARS is estimated to complicate 0.5-2% of ARS.
These numbers can be traced back to two separate original
articles. Dingle et al. [23] reported that 53 (0.5%) of 11 134
patients with a common cold had sinusitis based on clinical
criteria. Berg et al. [24] did a maxillary sinus aspiration to
100 patients with respiratory tract infection symptoms and
found that 2 (2%) of the patients had purulent secretion in
the aspiration. However, the study by Dingle et al. [25] is
over 50 years old and Berg et al excluded patients with local
paranasal symptoms or purulent discharge. In a review by
Smith et al. [1] a higher percentage of bacterial cause than
0.5-2% was suggested in clinically diagnosed ARS, but
exact percentages were not given.

The most common bacteria isolated from the maxillary
sinuses during Acute Rhinosinusitis are traditionally
Streptococcus pneumoniae, Haemophilus influenza, and
Moraxella catarrhalis, but Staphylococcus aureus has also
been reported as a possible pathogen in ARS [17]. Similar
findings have been reported concerning other paranasal
sinuses, also. Earlier, Staphylococcus aureus was considered
mostly a contamination, [17] but its prevalence in ARS
seems to have increased during recent years [17,26].
Earlier, Streptococcus pyogenes, anaerobic bacteria, and
gram negative bacteria have also been reported to be
possible pathogens in bacterial ARS [27]. Anaerobic
bacteria may be of dental origin and contamination might
explain some of the changes in the proportions of bacterial
pathogens in previous reviews compared with recent ones.
The proportions of the most common bacterial pathogens

found in the maxillary sinuses during ARS according to
recent meta-analysis [17] are Streptococcus pneumoneae
33%, Haemophilus influenza 32%, Moraxella catarrhalis
09% and Staphylococcus aureus (10%).

Bacterial biofilm has a role in chronic rhinosinusitis.
Bacterial biofilm is a complex, organized community of live
bacteria forming a multilayer matrix on the nasal or
paranasal mucosa with the capability to resist host defense
mechanisms and antibiotic treatment [28]. Theoretically,
bacterial biofilm could work as a reservoir for pathogens,
resulting in recurrent acute infections, but so far, its role in
Acute Rhinosinusitis is unknown [28].

Chronic rhinosinusitis

Based on duration, chronic sinusitis lasts longer than
twelve weeks and can be caused by many different diseases
that share chronic inflammation of the sinuses as a common
symptom [10]. Symptoms of chronic sinusitis may include
any combination of the following: nasal congestion, facial
pain, headache, night-time coughing, an increase in
previously minor or controlled asthma symptoms, general
malaise, thick green or yellow discharge, feeling of facial
'fullness’ or 'tightness' that may worsen when bending
over, dizziness, aching teeth, and/or bad breath [29]. Each
of these symptoms has multiple other possible causes,
which should be considered and investigated as well. Often
chronic sinusitis can lead to anosmia, the inability to smell
objects [29]. In a small number of cases, acute or chronic
maxillary sinusitis is associated with a dental infection.
Vertigo, lightheadedness, and blurred vision are not typical
in chronic sinusitis and other causes should be investigated
[10].

Chronic sinusitis cases are subdivided into cases with
polyps and cases without polyps. When polyps are present,
the condition is called chronic hyperplastic sinusitis;
however, the causes are poorly understood [15] and may
include allergy, environmental factors such as dust or
pollution, bacterial infection, or fungus (allergic, infective,
or reactive). Chronic rhinosinusitis represents a multi-
factorial inflammatory disorder, rather than simply a
persistent bacterial infection [15]. The medical
management of chronic rhinosinusitis is now focused upon
controlling the inflammation that predisposes patients to
obstruction, reducing the incidence of infections [29].
However, all forms of chronic rhinosinusitis are associated
with impaired sinus drainage and secondary bacterial
infections. Most individuals require initial antibiotics to
clear any infection and intermittently afterwards to treat
acute exacerbations of chronic rhinosinusitis [10].

Chronic Rhinosinusitis and Microorganisms

Compared to healthy sinuses, CRS sinuses have decreased
bacterial diversity and evenness [30,31], in other words,
healthy sinuses have many different types of bacteria
present in similar numbers, while CRS sinuses have few
types of bacteria present, and of those some are
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overabundant while others are barely present. In ecology
terms, these decreases are mainly due to selective
enrichment of certain ‘disease-producing’ species and
depletion of other ‘protective’ species. Mostly commensal
taxa are depleted in CRS patients; notably, decreases in
Bacteroidetes spp., Prevotella spp [31], Lactobacillus spp.

[32],

Peptoniphilus Propionibacterium acnes,

spp.,

Acinetobacter johnsonii and Corynebacterium confusum
have been observed [33].
Other bacterial taxa are found to be enriched in CRS

microbiomes.

Increases in Pseudomonas spp. [34],

Corynebacterium spp. [32,34] certain Streptococcus spp.,
Staphylococcus aureus, Propionibacterium acnes and
Haemophilus influenza [34] havebeen reported in CRS.
Abreu et al. [32] notably found enrichment of a novel

sinopathogen

Corynebacterium  tuberculostearicum,

typically a commensal when present on skin. Of particular
importance to CRS is S. aureus. Most microbiome studies
found that S. aureus was enriched in CRS patients; some
even found it to be the most abundant organism in CRS
sinuses [33,34] With particular regard to S. aureus, no
study has been carried out to explicitly determine whether
or not an increased sinus level of S. aureus will cause CRS.
However, current research on S. aureus in CRS [35,36]
indicates that S. aureus increases the severity of CRS, and is
at the very least involved in CRS development.

Conclusion

Rhinosinusitis is an inflammation of the mucous membrane

that

lines the paranasal sinusesis. Most cases of

rhinosinusitis are caused by allergies or infection. Several
respiratory viruses may infect the upper respiratory tract
and cause Acute and chronic rhinosinusitis. These include,
for example, human rhinovirus, respiratory syncytial virus
(RSV), influenza, parainfluenza viruses, coronavirus and

adenovirus.

Some bacteria are also found to cause

rhinosinusitis such as Pseudomonas spp., Corynebacterium
spp certain Streptococcus spp., Staphylococcus aureus and
Haemophilus influenza.

References

1.

Smith SS, Ference EH, Evans CT, Tan BK, Kern RC and
Chandra RK (2015) The prevalence of bacterial
infection in acute rhinosinusitis: A Systematic review
and meta-analysis. Laryngoscope 125: 57-69.

Fokkens W, Lund V and Mullol J (2007). "European
Position Paper on Rhinosinusitis and Nasal Polyps
2007". Rhinol Suppl. 16: 1-136.

Centers for Disease Control and Prevention (CDC)
(2014) Selected respiratory diseases among adults
aged 18 and over, by selected characteristics: United
States, 2014. In Summary health statistics for U.S.
adults: National Health Interview Survey, pp. 1-9,
Table A-2.

Lam K. et al. (2015) The etiology and pathogenesis of
chronic rhinosinusitis: a review of current hypotheses.
Curr. Allergy Asthma Rep. 15, 41.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Cope EKand Lynch SV (2015) Novel microbiome-based
therapeutics for chronic rhinosinusitis. Curr. Allergy
Asthma Rep. 15, 9.

Rosenfeld RM, Piccirillo JF, Chandrasekhar SS, Brook I,
Ashok Kumar K, Kramper et al. (2015). "Clinical
practice guideline (update): adult sinusitis executive
summary”. Otolaryngology—head and neck surgery:
official journal of American Academy of
Otolaryngology-Head and Neck Surgery. 152 (4): 598-
609.

King D, Mitchell B, Williams CP, Spurling GK (2015).
"Saline nasal irrigation for acute upper respiratory
tract infections" (PDF). The Cochrane Database of

Systematic Reviews. 4: CD006821.
doi:10.1002/14651858.CD006821.pub3.
PMID 25892369.

Franklin AN (2014). Middleton's allergy: principles and
practice (Eight ed.). Philadelphia: Elsevier Saunders.
p. 687.ISBN 9780323085939.

Lemiengre MB, van Driel, Mieke L, Merenstein D, Young
] and An IM (2012). Cochrane Database of Systematic
Reviews. John Wiley & Sons, Ltd.
doi:10.1002/14651858.cd006089.pub4.

Ferguson M (2014). "Rhinosinusitis in oral medicine
and dentistry". Australian dental journal. 59: 289-295.
doi:10.1111/adj.12193. PMID 24861778.

Schreiber CP, Hutchinson S, Webster C], Ames M,
Richardson MS, Powers C (2004). "Prevalence of
migraine in patients with a history of self-reported or
physician-diagnosed "sinus" headache". Arch. Intern.
Med. 164 (16): 1769-72.
doi:10.1001/archinte.164.16.1769. PMID 15364670.
Mehle ME, Schreiber CP (2005). "Sinus headache,
migraine, and the otolaryngologist". Otolaryngol Head
Neck Surg. 133: 489-96.
doi:10.1016/j.0tohns.2005.05.659. PMID 16213917
U.S. National Institute of Allergy and Infectious
Diseases. April 3, 2012. Archived from the original on 4
April 2015. Retrieved 6 April 2015.

Hamilos DL (2011). "Chronic rhinosinusitis:
epidemiology and medical management". The Journal
of Allergy and Clinical Immunology. 128: 693-707; quiz
708-9.

Harvey R, Hannan SA, Badia L, Scadding G (2007).
Harvey, Richard, ed. "Nasal saline irrigations for the
symptoms of chronic rhinosinusitis”. Cochrane
Database Syst Rev (3): CD006394.

Shaikh N and Wald ER (2014). "Decongestants,
antihistamines and nasal irrigation for acute sinusitis
in children". The Cochrane Database of Systematic
Reviews. 10: CD007909.

Heikkinen T and Jarvinen A (2003) The common cold.
Lancet 361: 51-59.

Passioti M, Maggina P, Megremis S and Papadopoulos
NG (2014) The common cold: potential for future
prevention or cure. Curr Allergy Asthma Rep 14: 413-
013-0413-5.

Jartti T, Jartti L, Ruuskanen O and Séderlund-Venermo
M (2012) New respiratory viral infections. Curr Opin
Pulm Med 18: 271-278.

] Uro Neph Re Cas Rep: 2018; Issue 2 Page:4|5


https://en.wikipedia.org/wiki/Paranasal_sinuses
https://en.wikipedia.org/wiki/Digital_object_identifier
https://doi.org/10.1002/14651858.CD006821.pub3
https://en.wikipedia.org/wiki/PubMed_Identifier
https://www.ncbi.nlm.nih.gov/pubmed/25892369
https://books.google.com/books?id=vT9YAQAAQBAJ&amp;pg=PA687
https://books.google.com/books?id=vT9YAQAAQBAJ&amp;pg=PA687
https://books.google.com/books?id=vT9YAQAAQBAJ&amp;pg=PA687
https://en.wikipedia.org/wiki/International_Standard_Book_Number
http://onlinelibrary.wiley.com/doi/10.1002/14651858.CD006089.pub4/abstract
http://onlinelibrary.wiley.com/doi/10.1002/14651858.CD006089.pub4/abstract
http://onlinelibrary.wiley.com/doi/10.1002/14651858.CD006089.pub4/abstract
https://en.wikipedia.org/wiki/Digital_object_identifier
https://en.wikipedia.org/wiki/Digital_object_identifier
https://doi.org/10.1002/14651858.cd006089.pub4
https://en.wikipedia.org/wiki/Digital_object_identifier
https://doi.org/10.1111/adj.12193
https://en.wikipedia.org/wiki/PubMed_Identifier
https://www.ncbi.nlm.nih.gov/pubmed/24861778
https://en.wikipedia.org/wiki/Digital_object_identifier
https://doi.org/10.1001/archinte.164.16.1769
https://en.wikipedia.org/wiki/PubMed_Identifier
https://www.ncbi.nlm.nih.gov/pubmed/15364670
https://en.wikipedia.org/wiki/Otolaryngol_Head_Neck_Surg
https://en.wikipedia.org/wiki/Otolaryngol_Head_Neck_Surg
https://en.wikipedia.org/wiki/Otolaryngol_Head_Neck_Surg
https://en.wikipedia.org/wiki/Digital_object_identifier
https://en.wikipedia.org/wiki/Digital_object_identifier
https://doi.org/10.1016/j.otohns.2005.05.659
https://en.wikipedia.org/wiki/PubMed_Identifier
https://www.ncbi.nlm.nih.gov/pubmed/16213917

Citation: Ali M, Abdallah AS (2018) Role of Microorganisms in Acute and Chronic Rhinosinusitis: A Review. ] Uro Neph Re
Cas Rep: 105.

20.

21.

22.

23.

24,

25.

26.

27.

Copyright: © 2018 Ali M. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which

Rawlings BA, Higgins TS and Han JK (2013) Bacterial
pathogens in the nasopharynx, nasal cavity, and
osteomeatal complex during wellness and viral
infection. Am ] Rhinol Allergy 27: 39-42.

Abou-Hamad W, Matar N, Elias M, Nasr M, Sarkis-
Karam D, Hokayem N and Haddad A (2009) Bacterial
flora in normal adult maxillary sinuses. Am ] Rhinol
Allergy 23: 261-263.

Kalcioglu MT, Durmaz B, Aktas E, Ozturan O and
Durmaz R (2003) Bacteriology of chronic maxillary
sinusitis and normal maxillary sinuses: using culture
and multiplex polymerase chain reaction. Am ] Rhinol
17:143-147

Sobin |, Engquist S and Nord CE (1992) Bacteriology of
the maxillary sinus in healthy volunteers. Scand ] Infect
Dis 24: 633-635.

Berg O, Carenfelt C, Rystedt G and Anggérd A (1986)
Occurrence of asymptomatic sinusitis in common cold
and other acute ENT-infections. Rhinology 24: 223-
225.

Dingle ], Badger G and Jordan W] (1964) Illness in the
home: a study of 25,000 illness in a group of Cleveland
families. Cleveland, The Press of Western Reserve
University.

Hadley JA, Mosges R, Desrosiers M, Haverstock D, van
Veenhuyzen D and Herman- Gnjidic Z (2010)
Moxifloxacin five-day therapy versus placebo in acute
bacterial rhinosinusitis. Laryngoscope 120: 1057-
1062.

Gwaltney JM, (1996) Acute community-acquired
sinusitis. Clin Infect Dis 23: 1209-23; quiz 1224-5.

28.

29.

30.

31

32.

33.

34.

35.

36.

Cohen M, Kofonow ], Nayak JV, Palmer JN, Chiu AG, Leid
JG and Cohen NA (2009) Biofilms in chronic
rhinosinusitis: a review. Am ] Rhinol Allergy 23: 255-
260.

Radojicic C. "Sinusitis". Disease Management Project.
Cleveland Clinic. Archived from the original on
November 14, 2012. Retrieved November 26, 2012.
Mahdavinia M. et al. (2016) A comprehensive review of
the nasal microbiome in chronic rhinosinusitis (CRS).
Clin. Exp. Allergy 46, 21-41.

Choi EB. et al. (2014) Decreased diversity of nasal
microbiota and their secreted extracellular vesicles in
patients with chronic rhinosinusitis based on a
metagenomic analysis. Allergy 69, 517-526.

Abreu NA. et al. (2012) Sinus microbiome diversity
depletion and Corynebacterium
tuberculostearicumenrichment mediates
rhinosinusitis. Sci. Transl. Med. 4, 151ra124.

Boase, S. et al. (2013) The microbiome of chronic
rhinosinusitis: culture, molecular diagnostics and
biofilm detection. BMC Infect. Dis. 13, 210.
Stressmann, F.A. et al. (2011) Characterization of
bacterial community diversity in chronic rhinosinusitis
infections using novel culture-independent techniques.
Am. . Rhinol. Allergy 25, e133-e140.

Cleland, E.J. et al. (2016) The bacterial microbiome in
chronic rhinosinusitis: richness, diversity,
postoperative changes, and patient outcomes. Am. |.
Rhinol. Allergy 30, 37-43.

Bachert, C. et al. (2008) Role of staphylococcal
superantigens in upper airway disease. Curr. Opin.
Allergy Clin. Immunol. 8, 34-38.

permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

J Uro Neph Re Cas Rep: 2018; Issue 2 Page:5|5


http://www.clevelandclinicmeded.com/medicalpubs/diseasemanagement/allergy/rhino-sinusitis/
https://en.wikipedia.org/wiki/Cleveland_Clinic
https://en.wikipedia.org/wiki/Cleveland_Clinic

