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Introduction 

Rhinitis and sinusitis are the most common diseases 
that occur at any age of life. It is now well understood 
that mucosal inflammation caused by many different 
pathogenic mechanisms is the principal symptom of 
these diseases. 

There is also a significant relationship between 
the pathogenic mechanisms of rhinitis and those of 
sinusitis. Rhinitis may lead to (or may be associated 
with) sinusitis, because the mucous membranes of 
the nose and sinuses are contiguous, and sinusitis 
does not usually develop without prior rhinitis. 
Therefore, the term "rhinosinusitis" is more appro
priate than either rhinitis or sinusitis. 

During the past decades, there has been extensive 
research investigating the basic biology and 
immunological functions of the components that 
constitute the framework of the mucosal immune 
system in the nose and sinuses. The research was 
focused on microbiological identification and was 
extended to the understanding of the local immune 
defense system. Different impairments of individual 
local immunity and the influences of bacteria and 
respiratory viruses on immune responses can inter
act, thus perpetuating the pathophysiological events 
of rhinosinusitis. This has greatly enhanced our 
understanding of the pathophysiology of common 
nasal diseases and their treatment. 

Etiology of Rhinosinusitis 

The most common etiologic factors in rhinosinusitis 
are viral upper-respiratory infections (URIs) and 
allergic reactions. Since children have an average of 
six to eight URIs per year (compared with two or 
three in adults), sinusitis is more common in the 
pediatric age group. Allergic rhinitis is one of the 
most common diseases and affects approximately 
10-20% of the world's population. 

There is still some debate about the pathogene
sis of sinusitis. There is universal acceptance of 
the clinical observation that URIs are associated 
with episodes of acute and recurrent acute sinusi
tis and flare-ups of chronic sinusitis. Approximate
ly 0.5% of adult URIs [4] and 5-10% of childhood 
URIs [26] are complicated by acute sinusitis. While 
flare-ups of chronic disease may also be related to 
infection, the basic pathologic process is usually 
the result of abnormalities of the ostiomeatal com
plex (with consequent ventilation and drainage 
problems) rather than of the infection itself. Patho
genic microorganisms associated with sinusitis 
include viruses, bacteria (aerobic and anaerobic) 
and fungi. 

Physiology and Immunologic Functions 
of the Nose and Sinuses 

The most has several important physiological func
tions, such as (1) conditioning and filtration of the 
inspired air and (2) allowing smell. It is known that 
the nose also fulfills an important defense function 
as the nasal mucosa is the first site of interaction 
between the host tissue and foreign invaders, i.e., 
bacteria, allergens, chemicals and other stimuli. The 
function of the paranasal sinuses is open to debate 
[25]. They decrease the weight of the skull and pro
tect the intracranial structures. In addition, the 
sinuses may contribute to the unconditioning of the 
inspired air, to olfaction, to protection against baro
trauma, and to resonance of the voice. 

The mucosal lining of the nasal cavity covers an 
area of 100-200 cm2, extends into the sinuses and is 
coated by a mucus layer 10-15 !lm thick. Mucus is 
supplied by goblet cells in the epithelium and sub
mucousal seromucous glands. Rhinosinusal secre
tions are a mixture of glycoproteins, other glandu
lar products and plasma proteins. Secretions are 
rich in lysozyme, lactoferrin, albumin, secretory 
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leukoprotease inhibitors and mucoproteins [17]. 
Lysozyme, a 14-kDa secretory product of submu
cosal glands, is found in all body secretions. It rep
resents 15-30% of nasal proteins. Lysozyme is bac
tericidal against many airborne bacteria and some 
microorganisms normally resident on respiratory 
mucosa. Lactoferrin is also produced by serous cells 
of the submucosal glandular acini. It constitutes 
2-4% of nasal proteins and exerts its antibacterial 
action by chelating iron required for microbial 
growth. Albumin represents approximately 15% of 
total nasal proteins. It is transudated from mucosal 
blood vessels and may playa role in binding partic
ulate materials. 

Immunoglobulin G (IgG) and IgA are also major 
components of respiratory secretions. IgG, derived 
from mucosal plasma cells (25%) and plasma (75%), 
is found diffusely throughout the mucosa, with its 
highest concentrations near the basement mem
brane [13]. Although it comprises only 2-4% of the 
total secretory product, IgG is found in higher con
centrations in the interstitial fluid. Increased vascu
lar permeability during an inflammatory process can 
elevate the concentration of IgG in respiratory secre
tions more than 100-fold. 

Dimeric IgA molecules are produced by periglan
dular plasmocytes and are transported by serous 
epithelial cells. During this process, IgA molecules 
acquire a glycoprotein secretory piece that facilitates 
transport of IgA into the secretions and inhibits pro
teolysis. Secretory IgA inhibits bacterial invasion by 
binding microorganisms in the lumen and blocking 
attachment of pathogens to the mucosa. 

Lymphocytes are the major cellular elements in 
the most superficial 200 flm of the lamina propria of 
the nasal epithelium [12]. Most of these cells are T 
lymphocytes with a helper (CD4+) immunopheno
type. Cytotoxic/suppressor T cells (CD8+) and B 
lymphocytes are in the minority. The CD4:CD8 ratio 
is approximately 2.5:1. In the absence of active 
inflammation, most of these cells are in a quiescent 
stage and do not express the low-affinity interleukin-
2 receptor (CD25). 

Microbiology of Rhinosinusitis 

Viral Infection 

Viral rhinitis (or common cold) is, by definition, an 
acute rhinitis induced by respiratory viruses. Viral 
rhinitis can be caused by any of more than 200 dif
ferent strains of various families of viruses, such as 
rhinovirus, coronavirus, respiratory syncytial virus
es, influenza, parainfluenza and adenoviruses [22]. 

Rhinoviruses are the most common viruses affecting 
adults and are considered to be the etiological organ
isms in approximately 50% of cases. Coronaviruses 
are the second most common viral pathogens 
(-15%). In approximately 30% of cases, no virus or 
other microorganism can be identified [9]. In chil
dren, there is a wider variety of responsible viruses 
and, in addition to rhinoviruses and coronaviruses, 
respiratory syncytial viruses, parainfluenza viruses 
and adenoviruses also occur [9]. 

People living in crowded places and debilitated 
persons are more prone to viral infections. Espe
cially for rhinoviruses, there is evidence that rhi
nosinusitis spreads by direct contact and not by 
air [21]. Self inoculation with the virus via the 
eye or nose results in infection of nasal epithelial 
cells, including ciliated cells [27]. Rhinovirus infec
tion of an epithelial cell may trigger an inflamma
tory cascade thought to be responsible for cold 
symptoms. 

In some instances, both viruses and bacteria are 
cultured from the same specimen. An infection can 
start from a small viral inoculum. Following expo
sure, the viral particle binds to specific surface anti
gens of the target cells. In 90% of rhinovirus infec
tions, binding is to intercellular adhesion molecule-
1 molecules on the surface of the cell [8]. Binding is 
very target- and host-specific. For example, rhi
noviruses are difficult to study experimentally 
because they infect only humans and higher pri
mates. Following cellular invasion and replication, 
viremia may occur, or the infection may remain 
localized at the target cells and, the regional lym
phoid tissue. Target specificity and regionalization 
can be documented by viral culture studies. The 
organism can be recovered from the nose in 90% of 
rhinovirus-infected individuals, from the throat in 
70% and from saliva in 50%, but not from sputum 
[19]. In an experimental design where healthy vol
unteers were inoculated with rhinoviruses, a 1:16 
titer of specific neutralizing antibodies was protec
tive against infection with the same species. Howev
er, immunity was not long lasting; 9-12 months 
after infection, the antibodies had disappeared 
from the serum, and re-infection with the same 
species again became possible [22]. 

While computed tomography (CT) scans of 
patients with the common cold can document evi
dence of sinus disease, the changes are transient and 
do not seem to influence the symptoms. Involvement 
is most frequent in the maxillary sinus (80%), fol
lowed by the ethmoidal infundibulum (70%) and the 
frontal sinus (30%) [10]. In a series of experiments, 
we inoculated 1100 young, healthy volunteers with
out a history of sinusitis, otitis media or allergies 
with rhinovirus types 2 or 39 or Hank's virus. Irre-



Bacterial, Viral and Fungal Infections of the Nose and Paranasal Sinuses 99 

spective of the size of the viral inoculum, none of the 
subjects developed clinical acute sinusitis. 

However, viruses are clearly involved in the patho
genesis in patients with co-morbidities. This results 
from obstruction of sinus ostia by edematous 
mucosa, impairment of mucociliary clearance and 
destruction of epithelial integrity. Rhinovirus, 
influenza-A virus and parainfluenza virus have been 
recovered from aspirates in patients with acute puru
lent maxillary sinusitis [11]. Saito et al. [18] docu
mented high titers of neutralizing antibodies to 
parainfluenza virus 3 in 18 of 31 patients following 
acute exacerbation of sinusitis. 

At the present time there is no specific treatment 
for viral rhinitis. In the future, treatment of colds 
should focus on combinations of antiviral agents and 
anti-inflammatory medications. Applied topically, a
interferon can diminish rhinovirus shedding, but its 
effects are limited, because it cannot reverse the pro
gression of the inflammatory cascade. Partial symp
tomatic relief can be achieved by different anti
inflammatory compounds but, because several of 
them increase viral shedding, there is a need for 
simultaneous use of antivirals in such future treat
ments. 

Bacterial Infection 

The normal bacterial flora of the nose includes 
corynebacteria, staphylococci and a-hemolytic 
streptococci. This normal flora is an important part 
of the defense mechanisms of the nasal mucosa 
against pathogenic microorganisms. Acute bacterial 
rhinitis is nearly always caused by aerobic bacteria 
like pneumococci, Staphylococcus aureus or 
Haemophilus inJLuenzae [20]. The nasal mucosa is' 
smooth, red, swollen and tender and may be coated 
by purulent secretions or, more rarely, a gray mem
brane of fibrin. 

The microbiology of acute maxillary sinusitis is 
best known, since this sinus is frequently involved in 
acute pathology and because representative speci
mens are relatively easy to obtain. There is strong 
agreement among the authors who have studied this 
subject [24]. In a multicenter European study, punc
ture of the medial wall of the antrum for intrasinusal 
aspiration was performed [16]. No growth was found 
in 32.3%, while the "infernal trio" (H. inJLuenzae, S. 
pneumoniae and Moraxella catarrhalis) was cultured 
in 44.1 % of the patients. 

The infernal trio is also present in chronic sinusi
tis, but to a much lesser degree, and a variety of oth
er bacteria is found [24]. Very often, more than one 
bacterial species can be found, in contrast to what is 

seen in acute sinusitis. It is, however, difficult to com
pare the results of various authors. In general, the 
samples used to investigate the microbiology of 
sinusitis are aspirates obtained by sinus puncture 
through the inferior nasal meatus or are biopsies 
taken during a surgical procedure. The method of 
sampling will certainly have an influence on the bac
teriological result, but other factors probably also 
play a role. These factors include patient selection 
(age, duration and extent of disease, presurgical 
treatment with antibiotics, etc.), site of culture (max
illary sinus versus ethmoidal region), transport 
method and media, and culturing techniques 
(including the amount of time between sample gath
ering and media inoculation) [24]. 

An interesting topic is the presence and impor
tance of anaerobes. The frequency of anaerobes 
reported in chronic sinusitis samples ranges from 
0% [5] to 100% [1]. According to the literature, the 
most prevalent anaerobic bacteria are Propionibac
terium, Bacteroides and Peptococcus species. Results 
are difficult to compare, because different inclusion 
criteria, sampling and culturing methods are used. 
Doyle and Woodham [5] cultured biopsy specimens 
taken from anterior ethmoidal cells and found no 
anaerobic organisms, which contrasts with findings 
reported by Brook [2]. Muntz and Lusk [15] have 
suggested that these conflicting results may be a 
result of differences in culture site and the culturing 
technique used for these fastidious organisms. Doyle 
and Woodham [5] have suggested that the ethmoid 
sinus may be less susceptible to anaerobes than the 
other sinuses, because it is less likely to be obstruct
ed and is more exposed to inspired oxygen. 

Obstruction of the ostium of the maxillary or 
frontal sinus leads to an increase in pC02, a decrease 
in p02' reduced pH, decreased mucosal blood flow, 
decreased ciliary activity and subsequent bacterial 
infection, with chemotaxis of polymorphonuclear 
leukocytes. Consequently, a purulent secretion is 
produced, with a low p02 and a low oxidation-reduc
tion potential, which is a good medium for the 
growth of anaerobes. In normal sinuses, the p02 is 
about 17%, decreases to about 12% in acute sinusitis 
and becomes nearly 0% in chronic maxillary sinusi
tis [3]. However, since anaerobic organisms are also 
present in normal paranasal cavities, they could also 
be considered "normal colonizers". 

We investigated 48 ethmoidal biopsies and 31 
maxillary biopsies from 25 patients with chronic 
sinusitis [23]. Only three samples showed no growth. 
The average number of strains was 2.9 per specimen. 
In general, cultures of the samples revealed a slight to 
moderate growth. Anaerobes (mostly Propionibac
terium sp.) were cultured in 72% of cases. "Classical" 
pathogens like H. inJLuenzae and S. aureus were seen 
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in 6% and 18% of cases, respectively. Enterobacteri
aceae were present in 22% of cases. As far as bacteria 
with low intrinsic pathogenic potential are con
cerned, Propionibacterium species were found in 
70%of the samples, while Corynebacterium and/or S. 
epidermidis were cultured in 77%. The bacteriology 
of chronic ethmoidal sinusitis was very similar to 
that of maxillary sinusitis. 

From these bacteriological findings in chronic 
sinusitis, it seems that bacteria do not really playa 
major role. In addition, chronic sinusitis is seldom 
controlled or cured by antibiotics, even after many 
weeks of treatment. Consequently, it can be postulat
ed that chronic sinusitis is not primarily an infec
tious process but instead is caused by an ostial 
obstruction, stasis of mucus and impaired ciliary 
activity, resulting in an overgrowth of colonizing 
bacteria. Thus, conservative therapy is often insuffi
cient in the management of chronic sinusitis, making 
surgical intervention necessary. 

Fungal Infection 

As a result of better recovery and identification of 
the organisms and increased numbers of patients 
with predisposing factors, the incidence of fungal 
sinusitis has increased in recent years. Four fungal 
syndromes can be differentiated by histologic study: 
1. Allergic fungal sinusitis [23]. This is identified by 

the presence of noninvasive fungal elements in an 
eosinophil-rich mucin. 

2. Mycetoma. These structures are fungus balls lying 
within the sinus cavity. They are not associated 
with tissue invasion or an inflammatory reaction, 
and antifungal therapy is not usually required 
after endoscopic removal. 

3. Indolent fungal sinusitis [7]. Patients with this dis
order may have a moldy smell, nasal crusting or a 
peanut butter-like exudate in the sinus cavity. 
Although biopsy shows a granulomatous reaction, 
there is no deep invasion. 

4. Invasive fungal sinusitis [6, 14]. This disorder 
occurs most often in immunocompromised hosts 
and is associated with prolonged granulocytope
nia in, e.g., bone-marrow transplant recipients 
and acute leukemia patients, patients undergoing 
chronic steroid therapy and acidosis (diabetic or 
renal) patients. Invasion of the sinus wall can be 
followed by orbital, meningeal or other central 
nervous system complications. The most common 
invasive fungi in patients with immune compro
mise are Aspergillus sp., Rhizopus sp., Candida 
albicans, Fusarium and Alternaria sp. The high 
morbidity and mortality of invasive fungal infec-

tions should prompt emergency CT or magnetic 
resonance imaging scans when fungal sinusitis or 
rhinitis is suspected. Radical surgery and antimy
cotic treatment are needed. 

Microbiological Pathophysiology of Sinusitis 

Most cases of acute sinusitis are believed to represent 
bacterial complications of viral URIs. As document
ed by CT studies of otherwise normal patients with 
the common cold [10], URIs are accompanied by 
transient occlusion of the ethmoid infundibulum, 
secretions in the sinus cavity and thickened mucosa 
of the turbinates and sinus lining. These changes are 
bilateral in 85% of subjects. While the normal 
paranasal sinuses are sterile, small volumes of 
inspired air may carry normal nasal flora into the 
sinus. Normally, these bacteria are rapidly cleared by 
the mucociliary transport system. 

In viral infections, however, the mucosal lining of 
both the nose and sinuses becomes inflamed and 
edematous. Contrary to infections with rhinovirus
es, infections resulting from influenza and parain
fluenza viruses may produce focal ulceration or 
extensive mucosal necrosis and, in addition, may 
affect the lower airway. Edema with or without tis
sue necrosis compromises ostiomeatal drainage and 
produces stasis of sinus contents. An additive 
impairment is infection-induced ciliary dysfunc
tion. Impairment of the normal clearance mecha
nisms allows sinus secretions to accumulate and 
traps bacteria within the antrum. As the intrasinus 
hydrostatic pressure increases, local blood flow 
decreases, mean oxygen tension falls, and sinus 
pCOz rises. These changes favor the growth of 
organisms, such as S. pneumoniae and H inJluenzae. 
Bacterial colony-forming units in aspirates of acute
ly infected sinuses are greater than lOs/ml and may 
exceed lOs/mi. In response to bacterial metabolites 
and mediators released by damaged tissue, an exu
date containing polymorphonuclear leukocytes 
(usually in excess of 5000 cells/ml) develops within 
the cavity. As the normal defense mechanisms come 
into action, sometimes aided by judicious antibiotic 
therapy, the inflammatory process subsides, edema 
lessens, coordinated mucociliary flow returns and 
stagnation disappears. 

In patients with chronic sinusitis, it is the lack of 
self cleansing (rather than infection) that produces 
the basic disorder. As a result, chronic sinusitis is 
resistant to measures used to treat uncomplicated 
acute or recurrent acute sinusitis. Anatomic abnor
malities, allergic disorders, foreign bodies, mucovis
cidosis, and ciliary dyskinesia are accompanied by 
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abnormalities of the ostiomeatal complex, impaired 
mucociliary flow or both. Under these conditions, 
repeated episodes of infection result in epithelial 
hyperplasia, squamous metaplasia, in-growth of 
well-vascularized connective tissue, polyp formation, 
periosteal reaction and accumulation of eosinophils, 
lymphocytes and plasma cells. Together with the pri
mary lesion, these changes further impair drainage. 
A vicious cycle ensues. With chronic stasis and 
inflammation, oxygen tension can be reduced to 
anaerobic levels. The low redox potential favors the 
growth of upper-respiratory-tract anaerobes. 

Conclusions 

Rhinitis and sinusitis are the result of complex inter
actions between environmental, infectious, anatomic 
and physiologic factors. Altered ventilation and 
impaired drainage of the sinus cavities lead to 
abnormal secretion in the cavities, stagnation of flu
id and release of inflammatory mediators. A second
ary bacterial infection adds to the chronicity of the 
inflammatory and infectious process. Bacteria found 
in chronic sinusitis include microorganisms already 
present in acute sinusitis, additional anaerobic 
pathogens and, sometimes, yeasts and molds. It is 
doubtful that bacteria playa major causative role in 
chronic sinusitis; instead, they complicate the 
process as opportunistic organisms or contaminants. 
Surgery is often necessary in cases resistant to con
servative therapy. 
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