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Staphylococcus aureus is a major pathogen in severe acute 
bacterial rhinosinusitis * 

Summary 
Purpose: The purpose of this study was to investigate the epidemiology and microbiology of severe acute bacterial rhinosinusitis 
in patients admitted to a Danish tertiary hospital.

Methods: A retrospective study was performed including all cases of acute rhinosinusitis admitted to the ENT-department of 
Aarhus University Hospital, in the period 2001 to 2011.

Results: In total, 143 cases of acute rhinosinusitis were identified of which 51% were children. The most prevalent bacterial strains 
were Staphylococcus aureus followed by group A streptococcus, Haemophilus influenzae and Streptococcus pneumonia. Morexella 
catarrhalis was only rarely cultured. Anerobes were not assessed routinely. Of all patients, 47.8% presented with orbital compli-
cations and 2.1% developed intracranial complications. Patients infected with group A streptococcus had significantly higher 
leukocyte and neutrophil counts than other patients. All cultured S. aureus were resistant to penicillin, but sensitive to methicillin.

Conclusion: Our results imply that S. aureus and group A streptococcus are important pathogens in severe and complex cases of 
ABRS, in addition to the accepted pathogens S. pneumoniae and H. influenzae. On the contrary M. catarrhalis appears less signifi-
cant.  These findings have important implications regarding the selection of relevant treatment strategy in secondary care , which 
may currently be underestimating the role of S. aureus. 
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Introduction
Acute rhinosinusitis is a frequent health problem both in 
children and adults. It is most commonly caused by a viral upper 
respiratory tract infection, whereas bacterial involvement is less 
frequent, accounting for approximately 0.5-2% (1) in adults and 
6-13% (2) in children. Most cases resolve spontaneously and seve-
re complications are quite rare. At our institution, acute bacterial 
rhinosinusitis (ABRS) accounts only for a minority of admitted 
cases of acute infectious disease (3).
S. pneumoniae, H. influenzae, and M. catarrhalis are generally 
considered the predominant bacterial species implicated in 
ABRS. Although recent literature indicates a different microbial 
profile in more severe cases of ABRS (4), the epidemiological and 

microbiological characteristics of this subgroup remains poorly 
described. 

The objective of this study was to explore the epidemiology 
and bacteriology in patients with severe ABRS admitted to the 
ENT-department at a tertiary medical centre, Aarhus University 
Hospital, Denmark. Additionally, we wanted to study possible 
associations between clinical and paraclinical data and the 
major pathogens associated with ABRS.

Materials and methods
Patient population
The medical records of all patients with acute rhinosinusitis 
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admitted to the ENT-department of Aarhus University Hospital, 
Denmark from January 2001 to December December 2011, 
were subjected to a review. Charts were retrieved by searching 
for relevant ICD-10 codes. The following variables were recor-
ded: age, gender, duration of preadmission symptoms, type 
of antimicrobial therapy prior to admission and during hospi-
talization, type of surgical intervention and duration of hospi-
talization. C-reactive protein level (CRP), leukocyte count, and 
neutrophil count were registered. Additionally, paranasal sinus 
involvement as well as type and extend of orbital and intracra-
nial complications were evaluated based on CT scans. Bacterial 
strains were recorded, and resistance patterns were registered. 
Specimens for bacteriological analyses were obtained primarily 
by swabs from the nasal cavity (middle meatus) or by aspirates 
from abscesses or infected sinuses. The samples were either 
sealed in the syringes (in the case of the aspirates) or placed in 
Stuarts transport medium and transported to the department of 
Clinical Microbiology. The samples were cultured on 5% blood 
agar plates with a band of staphylococcus across them (allowing 
for H. influenzae to grow), incubated with 5% CO2 at 35oC for 48 
hours, and subsequently analysed for the growth of microorga-
nisms. 

Statistical analysis
Microbial profiles were analyzed across age groups and gender 
as well as infection related parameters. For statistical analysis 
Students t test and analysis of variance (ANOVA) test was used 
when the data were normally distributed, whereas Kruskal-Wal-
lis test was used for non-parametric data. Statistical significance 
was defined as p < 0.05. Statistical analysis was preformed using 
STATA12.

Results
In total, 143 charts were reviewed. Females accounted for 36% 
of the sample and 51 % were children (0-16 years). The median 
duration of symptoms was 5.5 days, and the median duration of 
hospitalization was 4 days. Orbital complications were register-
ed in 47.8% of cases, predominantly children (Table 1) and 2.1% 
developed intracranial complications. Isolated sinus puncture 
(maxillary sinus) was performed in 24.5% and sinus surgery, 
primarily ethmoidectomy and antrostomy was performed in 
39.2% of patients. 

Demographic and clinical details, stratified by microbial profile, 
are summarized in Table 2.  The number of admissions peaked 
in February and March, with 20 and 22 admissions, respectively, 
and reached a monthly low in June with only five admissions. 

Culture of samples was performed in 114 patients, and a positive 
growth was detected in 70 patients (61.4%). The bacteria most 
frequently registered (culture rate per isolate) were S. aureus 

(20%), group A streptococcus (S. pyogenes) (15%), H. influenzae 
(13.8%), and S. pneumonia (8.8%). Other streptococcus species 
accounted for 18.8%, mainly represented by nonhaemolytic 
streptococcus, haemolytic streptococcus, group C streptococ-
cus, and S. anginosus. Other microbial species accounted for 
23.6%. M. catarrhalis was only detected in 3.8% of isolates (Table 
3). The distribution of bacteria differed somewhat between 
the adult and the paediatric populations, but in both groups 
S. aureus and Group A streptococcus were amongst the most 
prevalent strains.

All S. aureus were resistant to penicillin and two patients were 
additionally resistant to erythromycin. No S. aureus were re-
sistant to methicillin.  
Patients infected with group A streptococcus displayed higher 
leukocyte (p = 0.0093) and neutrophil (p = 0.04) counts than 
patients infected with other bacteria. Based on the four most 
prevalent bacterial strains, analyses in the paediatric popula-
tion revealed the highest CRP and leukocyte count in children 
infected with group A streptococcus and the lowest values in 
children infected with S. pneumonia. In the adult population S. 
pneumonia was associated with the highest CRP and leukocyte 
count. However, despite several apparent associations between 
clinical, paraclinical and microbial data, these did not reach sta-
tistical significance. The site of culture sample (nasal cavity, sinus 
aspirate) did not influence type of bacterial isolate.

All Adults Children

Single sinus 11 (9.0%) 9 (14.3%) 2 (3.4%)

Polysinusitis 30 (24.6%) 28 (36.5%) 7 (11.9%)

Pansinusitis 14 (11.5%) 7 (11.1%) 7 (11.9%)

Orbital involvement

     Preseptal cellulitis 18 (14.8%) 10 (15.9%) 8 (13.5%)

     Orbital cellulitis 22 (18.0%) 7 (11.1%) 15 (25.4%)

     Subperiosteal abscess      20 (16.4%) 5 (7.9%) 15 (25.4%)

     Orbital abscess 6 (4.9%) 1 (1.6%) 5 (8.5%)

Intracranial abscess 1 (0.8%) 1 (1.6%) 0

Table 1. Sinus involvement and distribution of orbital and intracranial 

complications. 

Number of patients (stratified by age) with single-, poly-, or pansinusitis, 

as well as sinus orbital involvement.
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Prior to admission 47.5% of the patients received antibiotic 
therapy, most commonly penicillin (67.2%). During hospitaliza-
tion penicillin, administered intravenously, remained the drug 
of choice, followed by Cefuroxime. Of those receiving preadmis-
sion antibiotics, 39.7% had negative cultures, whereas of those 
not receiving preadmission antibiotics, 28.1% were negative. 
S. aureus was found in 15.5% of patients having received pre-
admission antibiotics and 10.9% of patients not treated with 
antibiotics prior to admission. 

Discussion
We have demonstrated that S. aureus and group A streptococcus 
are frequently associated with severe cases of ABRS, in addition 
to those traditionally considered as major pathogens in ABRS (S. 
pneumoniae, H. influenzae) (5-7). On the contrary, M. catarrhalis, 
characterized by a relatively low virulence (8), seems to play a 
limited role. The potential relevance of S. aureus as a major pa-
thogen in ABRS has been considered in previous studies. In a re-
cent meta-analysis, the mean culture rates in adults were 32.7% 
for S. pneumonia, 31.7% for H. influenzae, 8.8% for M. catarrhalis, 
and 10.1% for S. aureus (4). Based on these findings, the authors 
warranted a reconsideration of S. aureus as a major pathogen in 
ABRS. Subsequent studies on both adult and paediatric popu-
lations, have confirmed these findings (9-11). Although group A 
streptococcus is not considered a major pathogen in ABRS, it ap-
pears relatively common, and has by some been associated with 
ethmoiditis and orbital complications to ABRS. According to 
Conrad et al., group A streptococcus species are primarily seen 
causing ABRS in children (12). This view is supported in our study 

Table 2. Demographic and paraclinical data stratified by bacterial strain. 

All SA StrP HIB GAS Other str. Other spp. No growth

All
Age
CRP
Leukocytes 
Neutrophils

17 (0-81)
530.9 (55.9)

11.7 (0.4)
8.3 (0.4) 

40 (3-63)
594.8 (152.6)

10.8 (0.6)
7.4 (0.6)

15 (2-74)
412.9 (262.8)

10.6 (1.1)
7.8 (1.1)

11.5 (1-63)
302.4 (193.8)

13.2 (1.9)
9.2 (1.4)

10 (1-38)
741.0 (200.2)

15.2 (2.1)
11.5 (2.0)

33 (11-50)
730.1 (276.2)

12.5 (2.0)
9.9 (1.9)

34 (2-50)
209.4 (133.2)

9.9 (1.1)
7.5 (0.9)

15.5 (0-81)
582.1 (104.8)

10.2 (0.6)
7.2 (0.5)

Adults
Age
CRP
Leukocytes
Neutrophils

38 (17-81)
516.8 (82.8)

10.4 (0.5)
7.5 (0.5)

51.5   (25-63)
696.0 (214.3)

10.6   (0.8)
7.8     (0.7)

38 (17-74)
780.7 (583.4)

11.0 (1.9)
8.3 (1.8)

41 (34-63)
149.5 (106.5)

11.2 (2.5)
7.8 (1.2)

27 (18-38)
702.7 (243.3)

8.1 (0.4)
5.1 (0.6)

42 (18-50)
945.0 (412.4)

12.5 (3.2)
10.1 (3.1)

35 (18-50)
39.2 (15.7)

9.4 (0.9)
7.0 (0.9)

44 (17-81)
429.5 (16.3)

8.9 (0.6)
5.9 (0.5)

Children
Age
CRP
Leukocytes
Neutrophils

9.5 (0-16)
546.3 (75.2) 

13.1 (0.6)
9.2 (0.6)

11.5 (3-14)
426.2 (198.2)

11.2 (1.1)
6.5 (1.1)

8.5 (2-15)
137.2 (111.3)

10.4 (1.5)
7.5 (1.6)

6 (1-15)
363.6 (272.8)

13.8 (2.5)
9.6 (1.8) 

4 (1-10)
768.3 (312.1)

20.3 (1.8)
16.1 (1.9)

11 (11-14)
353.9 (172.9)

12.4 (0.9)
9.5 (1.0)

11 (2-14)
635.0 (341.0)

10.9 (3.8)
8,6 (2.8)

11 (0-16)
720.7 (146.2)

11,3 (0.9)
8,3 (0.8)

Age: median (range). CRP, leukocytes, and neutrophils: mean (standard error of mean). S. aureus (SA), S. pneumoniae (StrP), H. influenzae (HIB), group A 

streptococcus (GAS), other streptococcus species (other Str), other species (other spp). 

All Children Adults

No. of cultures 114 57 57

No. of isolates 80 36 44

No. of positive cultures 70 32 38

Culture rate (per person/
isolate), %

     S. aureus 22.9/20.0             18.8/16.7 26.3/22.7

     Group A streptococcus 17.1/15.0               21.9/19.4             13.2/11.4

     H. influenzae 15.7/13.8                18.8/16.7               13.2/11.4

     S. pneumoniae 10.0/8.8                  12.5/11.1                 7.9/6.8

     Morexella catarrhalis 4.3/3.8                   3.1/2.8                  5.3/4.5

     Other streptococcus species 21.4/18.8                15.6/13.9               26.3/ 22.7

     Other species 22.9/19.8                25.0/22.2               21.0/18.2

Tabel 3. Culture rates.

Culture rates per isolate and per person in the entire sample, and 

stratified by age. “Other streptococcus” is mainly represented by non-

haemolytic streptococcus and to a lesser extend group C streptococcus, 

haemolytic streptococcus, and S. anginosus. “Other species” represent 

Pseudomonas, Proteus mirabilis, enterobactericae, Corynebacterium, and 

Fusobacterium necrophorum.
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with an apparent overrepresentation of ethmoiditis/orbital 
complications in patients infected with group A streptococcus, 
and a majority of children infected with group A streptococcus 
(average age 14.9 years) (13,14).
The microbial profile of our sample, with a high culture rate of 
S. aureus and group A streptococcus and a low culture rate of 
M. catarrhalis, is the likely result of a selection of virulent and 
resilient bacterial strains, associated with severe disease i.e. pu-
rulent sinusitis and orbital complications. In addition, communi-
ty-based first line antibiotic treatment of ABRS, mainly penicillin 
(15), may be associated with the apparent microbial overweight 
of S. aureus. This is reflected in our sample as well as in previous 
reports from our institution, where preadmission antibiotics has 
been associated with increased culture rates of S. aureus (16).
Although we found no association between culture site and 
technique and bacterial strain, we cannot completely rule out 
possible contamination i.e. the nasal vestibule and rhinopha-
rynx in which case an overrepresentation of S. aureus would be 
likely. However, previous studies have also found consistency 
with regard to different culture sites and bacterial strains (17-19). 
Although considered during case reviews, incomplete differen-
tiation between subgroups of ABRS, e.g. odontogenic ABRS and 
acute exacerbation of CRS, may constitute a confounder with 
possible effect on the microbial profile in selected cases (5,9,20). 
The antibiotic sensitivities of the cultured organisms revealed 
that MRSA is currently not at problem in this Danish subpopula-
tion as no such microbes were identified. Although the inci-
dence of MRSA infections has increased in Denmark in recent 
years, it remains low compared to other European countries (21). 
Our updated report, which may be considered representative 
for the country as a whole, indicates a continued low MRSA load 
in Denmark. This is the likely gain of a strict antibiotic policy. 
On the contrary, all S.aureus isolates were resistance to penicil-
lin, likely due to β-lactamase activity. Thus, distribution of this 
enzyme appears widespread, and although microbial selection 
may influence resistance patterns in our population (discussed 
above), the findings are not surprising. Apart from two cases of 
erythromycin resistency, microbial susceptibilty patterns were 
as expected. However, our samples were not cultured under 
anaerobic conditions, thus we cannot say anything about this 
spectrum of microorganisms, as well as the possible influence 
on growth of co-cultures. However, anaerobes are generally not 
considered significant influential in ABRS. 
According to our findings, β-lactamase stable antibiotics should 

be considered first choice in ABRS cases in secondary care, e.g. 
2nd generation cephalosporines which are also active against 
Gram-negative bacteria. However, the current first line antimi-
crobial advise in primary care should remain unchanged, to 
avoid unnecessary evolution of microbial resistance. 
Stratification based on microbial data revealed higher leukocyte 
and neutrophil counts in individuals, mainly paediatric patients, 
infected with group A streptococcus. In contrast, S. aureus and 
other major pathogens in our sample did not appear to be as-
sociated with a particularly poorer outcome. Thus, our results 
did not support findings in recent studies indicating a difference 
in severity between ABRS caused by S. pneumoniae and H. influ-
enzae, the former resulting in a more severe progression of the 
disease (22). However, a relatively low-powered analysis as well 
as a large variability within the outcome variables impaired the 
strength of our analyses.
A significant male preponderance was found in our sample. 
Similar findings have been presented previously (9,23-25), but the 
reason for this is unclear.   
Issues that might compromise comparability with other studies 
include differences in standards for assessment of bacterial 
cultures (i.e., cut-off values for colony count criteria), preadmis-
sion antibiotic treatment regimes, demographic composition, 
institutional standards for admission and treatment, and diag-
nostic criteria. 
Our results imply that S. aureus and group A streptococcus are 
important pathogens in severe ABRS and acute complications to 
ABRS, in addition to the accepted pathogens S. pneumoniae and 
H. influenzae. On the contrary, M. catarrhalis appears less signi-
ficant. These findings have important implications regarding 
the selection of relevant treatment strategy in secondary care, 
which may currently be underestimating the role of S. aureus. 
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