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Abstract The purpose of this study was to investigate and
compare the bacteriology of postradiotherapy chronic rhi-
nosinusitis (postRT-CRS) and chronic rhinosinusitis (CRS)
by evaluating the aspiration materials of the maxillary sinus
of patients with postRT-CRS and patients with CRS. We
collected the secretions of the maxillary sinus from 30
nasopharyngeal carcinoma patients with postRT-CRS and
30 patients with CRS for aerobe/facultative anaerobe bacte-
ria culture. The most common isolates in the postRT-CRS
group were Streptocuccus viridans, Staphylococcus aureus
and Haemophilus inXuenzae, while those in the CRS group
were Haemophilus inXuenzae, Pseudomonas aeruginosa
and Staphylococcus aureus. Isolated Gram-positive coccus
rate in postRT-CRS patients was signiWcantly higher than
in CRS patients (62.50% compared with 30.00%, respec-
tively; P < 0.05), and isolated Gram-negative bacilli rate in
postRT-CRS patients was signiWcantly lower than in CRS
patients (31.25% compared with 70.00%, respectively;

P < 0.05). However, the incidence of positive cultures was
not signiWcantly diVerent between the postRT-CRS group
and the CRS group (P > 0.05). This study found that there
were some diVerences in bacteriology between postRT-
CRS and CRS. Gram-positive coccus was the predominant
aerobic/facultative anaerobe pathogenic bacterium in
patients with postRT-CRS, and Gram-negative bacilli was
predominant in CRS patients.

Keywords Bacteria · Postradiotherapy · 
Nasopharyngeal carcinoma · Chronic rhinosinusitis

Introduction

Nasopharyngeal carcinoma (NPC) is one of the most com-
mon head and neck malignancies in southern China, includ-
ing Guangxi, Guangdong and Hong Kong. Radiotherapy
(RT) is still the primary method of treating NPC. The radia-
tion Weld ordinarily covers the nasopharyngeal cavity, skull
base, posterior choana, oropharyngeal cavity, sphenoid
sinus, ethmoid sinus, posterior one-third of the maxillary
sinus and the upper neck [1]. Therefore, when the tumor
cells are killed by irradiation, adjacent normal tissues and
organs are unavoidably exposed and damaged, including
the sinonasal mucosa, causing many sequelae. Postradio-
therapy chronic rhinosinusitis (postRT-CRS) is one of these
sequelae, and medical treatment with antibotics or nasal
douche was advised to control the symptoms [2]. After
aggressive medical treatment, rhinosinusitis symptoms in
most of those patients could be improved [3]. Until now,
there were few papers concerning the role of microbiology
in such kind of rhinosinusitis. Some literature reported
bacteriology of rhinosinusitis in NPC survivors, but their
research only described the results in acute patients [4, 5].
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Chronic rhinosinusitis (CRS) is a very common chronic
disease with a substantial health-care impact. But the etiol-
ogy of CRS is still the focus of much debate, and bacterial
infection, allergy, fungi, superantigens and a crop of other
factors have been implicated as causes of CRS. Especially
in microbiology, there are many literature that study the
bacteriology of chronic rhinosinusitis and attempt to
explore its real role in this kind of chronic disease [6–9].
However, these literature could not give a coincident result.

The main aims of this study were twofold: Wrst, to inves-
tigate the bacteriology of postRT-CRS in NPC patients and,
second, to study the similarities and diVerences between
postRT-CRS and CRS in bacteriology.

Materials and methods

Total of 30 NPC patients with postRT-CRS, who did not
have any evidences of rhinosinusitis before RT, and 30
patients diagnosed with CRS at the Department of Otorhino-
laryngology, Guangxi Medical University from November
2006 through December 2007 were included in this study.
They were divided into the postRT-CRS group and the CRS
group, respectively. The ages of the 30 patients in the
postRT-CRS group (24 men and 6 women) ranged from 23
to 70 (mean age 42.7 § 10.4), and they all had received a 7-
week course of external beam radiotherapy to a median dose
of 70.0 Gy (range, 66–74 Gy) for treatment of NPC. Of these
patients, 11 had received adjuvant chemotherapy consisting
of 5-Xuorouracil and cisplatin. Their duration of sinus symp-
toms after RT, including mucopurulent rhinorrhea, nasal
obstruction and postnasal drip, ranged from 6 months to
8.5 years (mean 2.92 § 2.20 years). The CRS group com-
prised 23 men and 7 women (mean age 33.8 § 12.4, between
21–59 years), whose duration of sinus symptoms ranged
from 4 months to 15 years (mean 4.97 § 4.38 years). Every
patient in these two groups showed total haziness of maxil-
lary sinus on sinus computed tomography. Additionally, all
the patients had not taken treatment including antibiotics or
intranasal corticosteroid for at least 1 week prior to aspirate
sampling. None of the patients had a history of immunologic
deWciency disease, cystic Wbrosis, diabetes or had undergone
endoscopic sinus surgery.

This study was approved by the ethical committee of
Guangxi Medical University. All patients gave their
informed consent before their inclusion in this study.

After sterilizing the external nose and vestibule with 1%
povidone iodine solution, the specimens was obtained from
the maxillary sinus by puncture antral through the inferior
meatus. All samples were inoculated into a bacterial isola-
tion media within 30 min to search for aerobic and faculta-
tive anaerobe bacteria. Aerobic/facultative anaerobe
cultures were incubated at 35.8°C under 5% CO2 onto 5%

sheep blood agar, chocolate agar and MacConkey agar for
48 h. The identity of each isolate was corroborated with the
API 32ID (Biomerieux ATB, Expression, France). The bac-
teria was tested by the staVs of the Clinic Laboratory Centre
of Guangxi Medical University.

The culture results of the maxillary sinus specimens
were compared between the postRT-CRS group and the
CRS group by Pearson �2 tests. Results were considered
signiWcant when the P value was <0.05.

Results

Of the 37 specimens collected from 37 maxillary sinuses of
the 30 NPC patients with postRT-CRS, 27 cultures
(72.97%) were positive. There were 32 isolates yielded,
including 13 species of bacteria. The percentage of aerobic/
facultative aerobic Gram-positive cocci and Gram-negative
bacilli was 62.50 and 31.25%, respectively. The most com-
mon bacteria were the Streptococcus viridans (n = 6),
Staphylococcus aureus (n = 5) and Haemophilus inXuenzae
(n = 5). Streptococcus viridans were identiWed in 18.75%
of the total isolates, 16.2% of the total cultures and 20% of
the NPC patients.

Also, 37 specimens from 37 maxillary sinuses of the 30
patients with ordinary CRS were sent for culture, and 19
cultures (51.35%) were positive. However, there were only
20 isolates yielded, consisting of seven species of bacteria.
Of the 20 isolates, 30% were Gram-positive cocci, and the
others were all Gram-negative bacilli. The most common
pathogenic bacteria were Haemophilus inXuenzae (n = 9),
which were identiWed in 45% of the total isolates, followed
by Pseudomonas aeruginosa (20%) and Streptococcus viri-
dans (10%). Aerobic Gram-positive bacillus and Gram-
negative coccus in patients of this group were not found.

Even though the number of isolates per culture ranged
from 0 to 3, the majority only produced a single isolate in
the two groups. Of 27 positive cultures in the postRT-CRS
group, 23 cultures (85%) only produced a single isolate, 3
cultures produced two species of isolates, and 1 culture pro-
duced three species of isolates. Compared with the postRT-
CRS group, the cultures producing a single isolate had a
higher percentage in the CRS group. There were 18 of 19
positive cultures (94.7%) only yielding a single isolate, and
1 of 19 positive cultures (5.3%) yielding two species of iso-
lates. Table 1 summarizes the overall data for the two
groups. On comparing the incidence of positive cultures or
the incidence of positive patients between the postRT-CRS
group and the CRS group no signiWcant diVerence could be
found (P > 0.05; Table 2). By contrast, the rate of isolated
Gram-positive cocci in the postRT-CRS group was signiW-
cantly higher than in the CRS group (20 of 32 (62.50%)
compared with 6 of 20 (30.00%), respectively; P < 0.05),
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while the rate of isolated Gram-negative bacilli in the CRS
group was signiWcantly higher than in the NPC group (10 of
32 (31.25%) compared with 14 of 20 (70.00%), respec-
tively; P < 0.05; Table 3). The rate of isolated Haemophilus
inXuenzae in the CRS group, which was the unique species
of bacteria with signiWcant diVerence between the two
groups, was signiWcantly higher than in the postRT-CRS
group (P < 0.05; Table 3).

Discussion

RT for NPC is usually associated with mucosal side eVects
at the tumor site and surrounding structures, and rhinosi-

nusitis is one of these sequelae [10]. Kamel et al. [11]
found that the post-RT mucociliary clearance delay time in
NPC patients gradually worsened with time for up to
6 months and then stabilized and persisted. Furthermore,
according to the 2007 European Position Paper on Rhinosi-
nusitis and Nasal Polyps (EP3OS), chronic rhinosinusitis
(CRS) is deWned as more than 12 weeks of symptoms with-
out complete resolution [12]. Therefore, we thought that the
bacteriology of postradiotherapy chronic rhinosinusitis
(postRT-CRS) in NPC patients 6 months after RT, whose
clinical symptoms persist for more than 12 weeks, was
comparable to the bacteriology of ordinary CRS in patients
without any underlying disease.

The bacteriology of acute rhinosinusitis (ARS) in NPC
patients after RT has been investigated in some literature.
In Hsin et al.’s study [4], frequently identiWed aerobes and
facultative anaerobes included alpha-hemolytic streptococ-
cus, Staphylococcus aureus and Pseudomonas aeruginosa.
Huang et al. [5] collected 33 samples of ARS for aerobic
culture from the middle meatus of 25 patients who under-
went RT for NPC. Staphylococcus aureus comprised 42%
of all aerobes. As much as 36% of the aerobic isolates were
Gram-negative bacilli. However, persistent rhinosinusitis

Table 1 Distribution of aero-
bic/facultative anaerobic bacte-
ria in the postRT-CRS group and 
in the CRS group

PostRT-CRS group CRS group

Number 
of isolates

Percentage 
of total isolates

Number 
of isolates

Percentage 
of total isolates

Haemophilus inXuenzae 5 15.625 9 45.00

Staphylococcus aureus 5 15.625 2 10.00

Streptococcus viridans 6 18.75 2 10.00

Streptococcus pneumoniae 3 9.375 1 5.00

Staphylococcus epidermidis 1 3.125 0 0.00

Pseudomonas aeruginosa 0 0.00 4 20.00

Gemella haemolysans 3 9.375 0 0.00

Bacillus proteus 1 3.125 0 0.00

Streptococcus milleri 2 6.25 0 0.00

Corynebacterium 1 3.125 0 0.00

Ochrobactrum anthropi 2 6.25 1 5.00

Acinetobacter junii 1 3.125 0 0.00

Klebsiella pneumoniae 1 3.125 0 0.00

Neisseria mucosa 1 3.125 0 0.00

Enterococcus faecalis 0 0.00 1 5.00

Table 2 Incidence of positive cultures and incidence of positive
patients

Result of cultures Result of patients

Positive Negative Positive Negative

PostRT-CRS 27 (72.97%) 10 (27.03%) 22 (73.33%) 8 (26.67%)

CRS 19 (51.35%) 18 (48.65%) 16 (53.33%) 14 (46.67%)

P value 0.055 0.108

Table 3 Distribution of Gram-positive cocci, Gram-negative bacilli and Haemophilus inXuenzae

Result of Gram-positive cocci Result of Gram-negative bacilli Result of Haemophilus inXuenzae

Positive Negative Positive Negative Positive Negative

PostRT-CRS 20 (62.50%) 12 (37.50%) 10 (31.25%) 22 (68.75%) 5 (15.63%) 27 (84.37%)

CRS 6 (30.00%) 14 (70.00%) 14 (70.00%) 6 (30.00%) 9 (45.00%) 11 (55.00%)

P value 0.023 0.006 0.020
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symptoms lasted for less than 3 months in all the patients in
their studies.

In our study, the duration of symptoms of every postRT-
CRS patient was more than 6 months. A total of 13 species
of bacteria were isolated, and monoinfection existed in
most of the specimens. The distribution of aerobic/faculta-
tive aerobic bacteria in maxillary sinuses of the postRT-
CRS patients in this study was similar to that seen in Hsin
CH et al.’s study [4]. The most common aerobic bacteria
were Streptococcus viridans (18.75% of cultures) and
Staphylococcus aureus (15.625% of cultures). In this study,
however, Haemophilus inXuenzae was the most common
Gram-negative aerobic bacilli, and we did not Wnd Pseudo-
monas aeruginosa in the NPC patients.

Previous investigations on the bacteriology of chronic
rhinosinusitis were made with diVerent sampling methods.
Consequently, the results of these studies were variable.
The isolated aerobic bacteria rate was 60.8 » 90.4%, and
the most common aerobic bacteria were Staphylococcus
aureus, Staphylococcus epidermidis and Streptococcus viri-
dans [6, 7, 13, 14].

In the present study, we found that the most common
bacteria were Haemophilus inXuenzae (45% of isolates),
followed by Pseudomonas aeruginosa, Streptococcus viri-
dans and Staphylococcus aureus. Although there were
some diVerences between our results and some of the previ-
ous studies, our results were in concordance with the Wnd-
ings of Kim et al. and Finegold et al. [8, 9]. Kim et al. gave
two reasons to explain the high isolation rate of Haemophi-
lus inXuenzae. One was that since most of the patients in
their study previously used antibiotics, the isolation rate of
the other pathogens may have decreased while that of Hae-
mophilus inXuenzae, which was previously reported to
show no diVerence in culture results before and after antibi-
otic treatment, were shown to be relatively high. Another
reason was that the isolation rate of Gram-negative organ-
isms such as Haemophilus inXuenzae increased as the
severity of inXammation in the maxillary sinus increased
[15].

To the best of our knowledge, this is the Wrst study that
compares the bacteriology of postRT-CRS and CRS. In this
study, the predominant aerobic/facultative aerobic bacteria
in patients with postRT-CRS and the patients with CRS
were Gram-positive cocci and Gram-negative bacilli,
respectively. In the CRS group, the isolated Haemophilus
inXuenzae rate was signiWcantly higher than in the postRT-
CRS group (P < 0.05). The results of the comparison may
be explained by two main points. First, although all the
patients of the two groups did not use any antibiotics at
least 1 week before sampling, most of the patients in the
CRS group had already received drug treatment with the
majority of antibiotics aimed toward Gram-positive bacte-
ria, but only a few patients in the postRT-CRS group had

used antibiotics after RT. Second, inXammation in the max-
illary sinus was relatively severe in most of the patients
with CRS in our study. However, the sample size was not
large enough to make a statistical comparison of the overall
distribution between these two groups.

It should be noted that a previous study had demon-
strated delayed eVects of radiation on nasal epithelium in
patients with NPC, including epitheliul sloughing, cilia loss
and ciliary dysmorphism, and this kind of long-term dam-
age by radiation may be responsible for the prolonged
sinusitis of irradiated NPC patients [10]. In our study, none
of the postRT-CRS patients had rhinosinusitis before RT,
and the signs and symptoms of rhinosinusitis appeared soon
after RT and persisted for a long time. This also suggested
that the presence of imXammation and bacteria was only a
result secondary to sinus mucosa damaged by irradiation in
the pathogenesis of postRT-CRS. Irreversible impairment
of mucociliary function may result in the disorder of drain-
age of the sinuses, which allows bacteria to invade the sinus
cavity more easily. Therefore, the presence of bacteria can-
not be taken as an indication for antibiotic treatment unless
acute exacerbation occurs.

Conclusion

Although anaerobic bacteria was not observed because of
the diYculty of specimen transportation and the small sam-
ple size in our study, our Wndings demonstrated that there
are some diVerences in bacteriology between postRT-CRS
and CRS. The predominant aerobic/facultative anaerobic
bacteria in NPC patients with postRT-CRS were Gram-pos-
itive cocci, whereas that in patients with CRS were Gram-
negative bacilli. We hope that this study will be helpful in
investigating the role of bacteria in postRT-CRS of NPC
patients,and CRS, and in directing antibiotic therapy in
these two kinds of sinus diseases.
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