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ORGINAL ARTICLE

Antibiotic sensitivities of Streptococcus pneumoniae, Viridans
streptococci and group A hemolytic Streptococci isolated from
the maxillary and ethmoid sinuses

Maksiller ve etmoid siniislerden izole edilen Streptokok pnomoni,
Streptokok viridans ve A grubu hemolitik Streptokok’larin antibiyotik direngleri

Erol KELES, M.D.,' Murat ARAL, M.D.,” H. Cengiz ALPAY, M.D.'

Obijectives: To investigate antibiotic sensitivities of Streptococcus pneumoniae,
Viridans streptococci and Group A hemolytic Streptococci isolated from the cul-
ture materials obtained from the sinuses of patients undergoing functional endo-
scopic sinus surgery due to chronic sinusitis.

Patients and Methods: We recruited 93 patients (63 males, 30 females; mean
age 36+17.47; range 19 to 68 years) who were undergoing functional endoscopic
sinus surgery due to chronic sinusitis into this study. Before the surgical interven-
tion, in order to eliminate a possible contamination from skin and neighboring struc-
tures, nasal mucosa was cleansed with povidone-iodine solution. Nasal smear
samples were obtained from all the patients before and after applying povidone-
iodine solution. Streptococcus pneumoniae, Viridans streptococci and Group A
hemolytic Streptococci that were isolated from the cultures were tested for antibi-
otic sensitivity.

Results: In the preoperative nasal smear cultures, total number of anaerobic
bacteria isolated from 58 patients (62.3%) before applying povidone-iodine was
72, following the application of povidone-iodine a total of 16 microorganisms
were identified from 12 (%12.9) patients. Microorganisms were isolated from
95.6% (89/93) of the samples obtained from maxillary sinuses and 91.3% (85/93)
of the samples obtained from ethmoid sinuses. The most commonly identified
microorganisms from both sinuses were coagulase (-) staphylococcus followed
by Viridans streptococci, coagulase (+) staphylococcus, Streptococcus pneumo-
niae and Group A hemolytic streptococci. For the Viridans streptococcal strains
that were isolated, 33.3% were resistant to tetracycline, 23.8% to chlorampheni-
col, and 19.04% to penicillin. A hemolytic streptococci strains were sensitive to
penicilin, ofloxacine, ceftriaxone and cefepime in all groups; however they had
50% resistance to eritromycin and chloramphenicol and 100% resistance to
tetracycline. The resistance pattern of the isolated Streptococcus pneumoniae
strains were as follows: 25% to penicillin, 66.6% to trimethoprim/sulphometaxa-
zole, 41.6% to eritromycin, 58.3% to tetracycline, 33.3% to chloramphenicol and
16.6% to rifampin. All of the isolated strains were sensitive to vancomycin.

Conclusion: We suggested that identification of the strains that are resistant to
penicillin and other antibiotics is an important tool for choosing the empirical
treatment to the Streptococcus pneumoniae, Viridans streptococci and group A
hemolytic streptococci in clinical practice. Viridans streptococci which were fre-
quently isolated from chronic sinusitis patients should be kept in mind.

Key Words: Chronic sinusitis; Streptococcus pneumoniae; Viridans streptococcus;
Group A hemolytic streptococci; antibiotic sensitivity.

Amag: Kronik siniizit nedeniyle fonksiyonel endoskopik sinis cerrahisi hastala-
rin sinlislerinden alinan kltlir materyallerinden izole edilen Streptokok pnémoni,
Streptokok viridans, A grubu hemolitik streptokok’larin antibiyotik direncleri aras-
tinild.

Hastalar ve Yéntemler: Calismaya, kronik siniizit nedeniyle fonksiyonel endos-
kopik sinus cerrahisi uygulanan 93 hasta (63 erkek, 30 kadin; ort. yas 36+17.47;
dagilim 19-68) alindi. Cerrahi girisim éncesi nazal mukoza, deri ve komsu yapi-
lar olasi bir kontaminasyonu énlemek amaciyla povidone-iodine sollisyonuyla te-
mizlendi. Tum hastalardan povidone-iodine soliisyonu uygulamadan 6nce ve
sonra burun surlintl érnekleri alindi. Ameliyat sirasinda da etmoid sintsten ve
maksiller sinus ostiumundan kultur icin materyal alindi. Kltlrlerde izole edilen
Streptokok pnémoni, Streptokok viridans ve A grubu hemolitik streptokok’lara an-
tibiyotik duyarlilik testleri yapildi.

Bulgular: Ameliyat éncesi burun sirinti kiltirlerinden povidone-iodine solis-
yonu uygulamadan énce 58 hastadan (%62.3) 72 aerop bakteri Gremesi olur-
ken, povidone-iodine sollisyonu uygulandiktan sonra alinan kultirlerde 12
hastadan (%12.9) toplam 16 izolasyon oldu. Ameliyat sirasinda maksiller si-
nislerden alinan kdlturlerde hastalarin %95.6’sinda (89/93), etmoid siniisten
alinan kulttrlerde ise %91.3’unde (85/93) mikroorganizma izole edildi. Her iki
sinuste de en sik izole edilen mikroorganizma koagiilaz negatif stafilokok, ikin-
ci siklikta viridans streptokoklar daha sonra sirasiyla koagilaz pozitif stafilo-
kok, Streptokok pnémoni ve A grubu hemolitik streptokok idi. izole edilen viri-
dans streptokok susunun %33.3'0 tetrasikline, %23.8’i kloramfenikole,
%19.04'U penisiline direngli bulunurken, A grubu hemolitik streptokok susunun
timi penisilin, ofloksasin, seftriakson, sefepime duyarli, %50’si eritromisin ve
kloramfenikole, tamami tetrasikline direngli bulundu. izole edilen Streptokok
pnémoni suslarinin %25'i pensiline, %66.6’s! trimetoprim/siilfametoksazole,
%41.6’s1 eritromisine, %58.3'U tetrasikline, %33.3'U kloramfenikole ve
%16.6'sI rifampine direngliydi. izole edilen suslarin timii vankomisine duyar-
liydi.

Sonug: Kronik sindzitli hastalardan sik olarak izole edilen Streptokok pnémoni,
viridans streptokok'lar ve A grubu hemolitik streptokok’larin antimikrobiyal duyar-
lihklarinin arastiriimasinin, klinikte uygulanacak ampirik tedavinin secilmesinde
ve kronik sinuzitli hastalarda viridans streptokok'larin tedavide géz 6nilinde bu-
lundurulmasi gerektigini diistiniiyoruz.

Anahtar Sézciikler: Kronik sinuzit; Streptokok pnémoni; viridans streptokok; A grubu
Hemolitik Streptococ; antibiyotik duyarliligi.
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Chronic sinusitis is the condition in which the
symptoms of sinusitis last longer than 12 weeks.
Paranasal sinuses were previously accepted as ster-
ile cavities. However, in 1981 with the examination
of maxillary sinus samples obtained by Brook," aer-
obic bacteria were identified in 58% of the samples
whereas anaerobics were present in all of them.
Under the light of these findings the microbiology of
the sinuses started to attract attention.

The microorganisms responsible from chronic
sinusitis are different than that of acute sinusitis.
Bacteroides, Veillonella, Rhinobacterium and
together with other anaerobics Haemophilus influ-
anzae, Viridans streptococci and different streptococci
can be causative agents.”” The most commonly
encountered bacterial pathogens are hemolytic strep-
tococci, Haemophilus influanzae and Staphylococcus
aereus. Although it is rare, in cases with recurrences,
fungus related infections should be kept in mind.

In several studies conducted until today, in the
aspiration and/or biopsy materials of the patients
with chronic sinusitis, Viridans streptococci,
Streptococcus pneumoniae and different streptococci
(hemolytic) were reported as the most commonly
isolated strains."”

Except for their potential to induce endocarditis,
Viridans streptococci are generally accepted as agents
with low pathogenicity and for years they have been
thought to be sensitive to regular penicillin.
Recently, its increasing incidence in neutropenic
patients, its potential to result in fatal complications
and the evolution of resistant strains made this
microorganism an important health issue."

Group A hemolytic streptococci (GAHS) can be
found in upper airways, skin and rectum in asymp-
tomatic individuals. Depending on its biological
characteristics and the defense state of the host, after
entering the body, GAHS can localize on the mucosa,
under the skin, in the joints in the form of localized
and abscess type suppurations or can cause wound
infections and sepsis.” Although GABHS are known
to be bacteria with low potential to develop resis-
tance, some antibiotics have become ineffective to
these microorganisms as well.” Streptococcus pneumo-
niae is found as an opportunistic pathogen in 5-70% of
nasopharynx mucosa. It results in infections once the
integrity of the mucosal epithelium is lost and the
resistance of the body is decreased. As it is dependent
on external conditions, its isolation, live preservation
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and growth is difficult.” Penicillin has been used as
the first choice in the treatment of pneumococcal
infections for many years. During recent years, there
has been an increase in resistant strains and the
strains resistant to alternative antibiotics created
problems. With the increase in the number of resis-
tant strains Streptococcus pneumoniae related infections
began to have an increased mortality.""

Today, the medical treatment of sinusitis is man-
aged by antibiotics, agents that reduce mucosal
edema and other supportive medications. As
obtaining culture material from the sinuses necessi-
tates an invasive intervention, chronic sinusitis
patients are generally recommended to have an
empirical antibiotic treatment. In the selection of
such treatment options, the studies concentrating
on the microbiology of the sinuses are providing
guidance.

With the entry of the endoscopes into clinical
practice, our knowledge regarding sinus infections
has increased and endoscopes are providing us an
opportunity to perform a more detailed examination
of inside the nose. It is also possible to minimize the
contamination in the sinuses.

In this study we aimed at investigating the
antibiotic sensitivities of Streptococcus pneumoniae,
Viridans streptococci and GAHS that were isolated
from the maxillary and ethmoid sinuses of patients
with chronic sinusitis.

MATERIALS AND METHODS

We recruited 93 patients (63 males, 30 females;
mean age 36x17.47; range 19 to 68 years) who were
undergoing functional endoscopic sinus surgery
due to chronic sinusitis into this study. The study
group consisted of chronic sinusitis patients whose
disease lasted longer than 12 weeks, did not
respond to medical treatment or patients who had
recurrent sinusitis related complaints (more than 4
episodes a year). These patients had complete
opacification of one or both maxillary sinuses
and/or ethmoid sinuses or 5 mm or more thicken-
ing of the mucoperiosteum in computerized tomo-
graphic or conventional radiological examinations.
The patients with acute infections or who received
local or systemic antibiotics during the last one
week were excluded from the study. All the patients
were examined with Karl Storz endoscopy and
endovision system.
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Before the surgical intervention, in order to
eliminate a possible contamination from skin and
neighboring structures, nasal mucosa was cleansed
with povidone-iodine solution. Nasal smear sam-
ples were obtained from all the patients before and
after applying povidone-iodine solution. Samples
were obtained from the patients during functional
endoscopic sinus surgery (FESS) while they were
under general anesthesia. Samples were obtained
directly from the maxillary sinus ostium and when
the ethmoid sinus was opened from the purulent
and/or mucoid material within the sinus by a dis-
posable aspirator set (Xomed Surgical Products,
Jacksonville, Florida, USA) into a collecting tube.
We paid attention not to touch nasal mucosa and
surrounding structures during these procedures.
Nasal smear samples and aspiration materials were
transferred to coal containing amies transport
media and thioglycolate media with separators by
using sterile equipment. The samples that were
transferred to the microbiology laboratory with
coal containing amies transport medium within
two hours were inoculated to 5% sheep blood agar,
chocolate agar and eosine-methylene-blue agar for
aerobic bacteria, and were left to incubation at 5%
COy concentration at 35 °C for 24-48 hours. For
anaerobic cultures the samples were inoculated to
anaerobic blood agar, Brucella blood agar enriched
with vitamin K1, kanamycin and vancomycin
added blood agar and to thioglycolate media with
separators during surgery. The incubation was
accomplished at 35 °C in Gas-Pak anaerobic jars for
48-72 hours. The samples obtained from the sinus-
es were additionally inoculated to Saboraud-
Dextrose agar media and kept at room temperature
for 20 days for fungal growth. The samples that
were taken into thioglycolate media with separa-
tors during surgery were incubated at 35 °C in Gas-
Pak anaerobic jars for 4-7 days for increasing the
yield of the microorganisms. The anaerobic
microorganisms that have not grown in the cul-
tures were thought to have died during sampling
or transport and four direct slides were prepared
from the material sent to the laboratory for inocu-
lation. These slides were than stained with Gram
stain and examined. For the identification of anaer-
obics, OXOID An-ident discs were used (Oxoid
limited, England).

Aerobic microorganisms were identified and iso-
lated with standard microbiological methods. Vitek
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automated systems were also used in the identifica-
tion of aerobic microorganisms (BioMerieux, Inc,
Missouri, USA).

Antibiotic Sensitivity Assays (Antibiograms)

Streptococci pneumoniae, Viridans streptococci and
GABHS strains that were identified were tested for
their antibiotic sensitivities with disc diffusion
(Kirby-Bauer) method. Disc diffusion assay was per-
formed in accordance with NCCLS criteria; on
Mueller-Hinton media containing 5% sheep blood a
colony suspension adjusted to 0.5 McFarland with
distilled water was inoculated. The discs were left to
dry for 15-20 minutes and than dry discs (Oxoid)
were placed to incubate for 16-18 hours at 37 °C.
Following the incubation, zone diameters were eval-
uated according to the NCCLS criteria recommend-
ed for Streptococci pneumoniae and other streptococci.
In Kirby-Bauer disc diffusion method oxacilline
discs were preferred instead of penicillin according
to NCCLS recommendations.

RESULTS

In the preoperative nasal smear cultures, total
number of anaerobic bacteria isolated from 58
patients (62.3%) before applying povidone-iodine
was 72, following the application of povidone-
iodine a total of 16 microorganisms were identified
from 12 (%12.9) patients. In the smear cultures
obtained before applying povidone-iodine 35
patients had no growth, while in the cultures
obtained after applying povidone-iodine 81 patients
had no growth. In the cultures obtained during FESS
from maxillary and ethmoid sinuses, 4 patients
(4.3%) did not have any growth in the maxillary
sinus and 8 patients (8.6%) did not have any growth
in the ethmoid sinus.

In the bacterial cultures with positive results, 6
(6.45%) had co-presence of aerobic and anaerobic
bacteria, 21 (22.5%) had more than one aerobic bac-
teria (two or three), 54 (58%) had only one aerobic
bacteria, and 12 (12.9%) had only anaerobic bacte-
ria. The bacterial growth in the cultures obtained
during FESS and their distribution with respect to
maxillary and ethmoid sinuses is demonstrated on
Table I. None of the samples had fungal growth.
The antibiotic sensitivities of the Streptococcus pneu-
moniae, Viridans streptococci and GAHS strains iso-
lated from maxillary and ethmoid sinuses are
shown on Table II.
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TABLE I
THE MICROORGANISMS THAT HAVE BEEN ISOLATED FROM INTRAOPERATIVE MAXILLARY AND ETHMOID
SINUS CULTURES
Microorganisms Microorganisms growing in Microorganisms growing in
maxillary sinuses ethmoid sinuses
n=89 % n=85 %
Aerobic
Coagulase (-) staphylococcus 18 20.0 12 33.3
Viridans streptococcus 12 13.3 9 25.0
Coagulase (+) staphylococcus 9 10.0 4 11.1
Streptococcus pneumoniae 9 10.0 3 8.3
Klebsiella pneumoniae 4 44 2 5.5
Group A hemolytic Streptococcus 2 2.2 2 5.5
Enterecoccus gallinorum 3 3.3 - -
Haemophilus parainfluenza 3 3.3 1 2.7
Haemophilus influenza 3 3.3 2 5.5
Klebsiella oxytoca 3 3.3 1 2.7
Streptococcus bovis (Group D nonenterococci) 3 3.3 - -
Pseudomonas aeroginosa 3 3.3 - -
Anaerobic
Bacteroides fragilis 9 10 - -
Fusobacterium spp. 3 3.3 - -
Gram positive coccus 6 6.6 - -
Total 90 100 36 100

DISCUSSION

Any kind of inflammatory process that is present
in the nasal cavity and the nasopharynx can affect
the sinuses as well. For this reason, the information
regarding the normal nasal and paranasal flora is of
importance in evaluating the microbiology of acute
and chronic sinusitis. In the aim of identifying the
microbiology of acute and chronic sinusitis, maxil-
lary sinuses have always been a priority target
because of easy access. As maxillary sinuses are eas-
ily accessible, the problem of contamination is not
commonly experienced while obtaining a culture.
However, obtaining culture from the ethmoid sinus-
es without contamination is difficult even in opera-
tion room conditions. In order to minimize the risk
of contamination, we cleansed the nasal passage
with povidone-iodine solution before the operation.
We obtained nasal smear cultures before and after
applying povidone-iodine solution. Coagulase (-)
staphylococci that is found in 40-100% of the normal
flora of the nasal passage, was present in 50% of the
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cultures obtained before applying povidone-iodine
solution. Coagulase (+) staphylococci is found in 25-
40% of nasal flora.”" In our study, Coagulase (+)
staphylococci was present in 37.5% of the cultures
obtained before applying povidone-iodine solution.
In the nasal smear cultures obtained from chronic
sinusitis patients before applying povidone-iodine
solution, the rate of microorganism identification
was 62.3%, following the application of povidone-
iodine solution this was reduced to 12.9% and there
was no growth of diphyteroids which are found in
90-100% of the normal flora in our study, these all
show us that contamination was prevented to a
great extent.

The studies investigating the microorganisms
causing chronic sinusitis produced diverse results.
Many researchers reported most commonly identi-
fied microorganisms isolated from mucosal biopsies
and/or aspiration material obtained from maxillary
and ethmoid sinus as Coagulase (-) staphylococci
(CNS), Staphylococcus aereus, Streptococcus pneumo-



Antibiotic sensitivities of Streptococcus pneumoniae, Viridans streptococci and group A hemolytic Streptococci isolated from the maxillary and ethmoid sinuses

TABLE IT

ANTIBIOTIC SENSITIVITIES OF STREPTOCOCCUS PNEUMONIAE, VIRIDANS STREPTOCOCCUS, GAHS STRAINS
ISOLATED FROM MAXILLARY AND ETHMOID SINUSES

Antibiotic Streptococcus pneumoniae Viridans streptococcus GABHS
Sensitive Less  Resistant Sensitive Less Resistant Sensitive  Less Resistant
sensitive sensitive sensitive
n % n % n % n Yo n Yo n % n % n % n %
Oxacilline 9 7% - - 3 25 5 238 12 571 4 19.04 4 100 - - - -
Ofloxacine 12 100 - - - - 21 100 - — - - 00 - - - =
Trimetoprim/
sulphametoxazole 3 25 1 83 8 66.6 - - - - - = - - - - - =
Eritromycin 5 416 2 166 5 416 13 619 4 1904 4 19.04 - - 2 50 2 50
Tetracycline 4 333 1 83 7 583 12 571 2 905 7 333 - - - — 4 100
Chloramphenicol 8 666 - - 4 333 16 762 — - 5 238 1 25 1 25 2 50
Cephtriaxone 1 916 - - 1 83 18 854 1 47 2 9.05 4 100 - - - -
Cefepime 1 916 1 83 - - 20 953 1 47 - - 4 100 - - - -
Rifampin 9 75 1 83 2 166 - - - - - - - - - - - =
Vancomycin 12 100 - - - - 21 100 - - - - 4 100 - - - =

nia, Viridans streptococci and diphyteroid bacilli."” In
our study most commonly identified microorganism
was CNS (32.2%) followed by Viridans streptococci
(22.5%), Coagulase (+) staphylococci, Streptococcus
pneumonia, Klebsiella pneumoniae and GAHS.

The frequency of anaerobic microorganisms in
chronic sinusitis changes between 0-100%.°" These
different results might be related to the differences
in obtaining cultures, age of the patient, duration of
the disease, the utilization of antibiotics before the
operation, the sinus from which the culture has been
obtained, the method of transport for the culture,
and the delays experienced between the time the
culture has been obtained and the time it has been
inoculated to a culture environment. However, the
fact that the techniques utilized in the sampling dif-
fer from each other, can only partially explain the
problem of finding different percentages for
microorganisms in different studies."” Brook™
reported the percentage of anaerobic bacteria as
88%, while Almadori et al." reported it as 36% and
Doyle and Woodham™ did not report any anaerobic
bacteria at all. The most commonly isolated anaero-
bic bacteria in order of appearance were gram posi-
tive cocci and Bacteroides strains. In our study we
identified the percentage of anaerobic bacteria as
20% for maxillary sinus. We could not isolate anaer-

obic bacteria from ethmoid sinuses. The anaerobic
bacteria that were isolated were: Bacteroides fragilis
13.3%, gram fusobacterium spp. 3.3%, gram positive
cocci 6.6%.

In recent studies, it was reported that there was
relation between fungies and chronic sinusitis."*"” In
our study, fungies were detected in none of the sam-
ples. This situation might be related to changes in
nasal flora because of cleaning the nasal mucosa,
skin and surrounding structures with povidon iodin
solution before surgical interventions, in order to
prevent the possible contamination.

In the pathogenesis of chronic sinusitis, the term
pathogen for the microorganisms like CNS, Viridans
streptococci and anaerobic strains is still controver-
sial. However, Brook"" and Karma"* accepted these
agents as pathogens in the pathogenesis of chronic
sinusitis.

Guiot et al."” conducted a study with the aim of
identifying the frequency of penicillin resistant
Viridans streptococci in healthy children and children
with hematological diseases; in 50 healthy children
they identified a 40% carrier rate for penicillin resis-
tant Viridans streptococci, whereas this was 63% for
children with hematological diseases and 10% for
adults. Potgieter et al." investigated the antibiotic
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sensitivity of 211 Viridans streptococci isolated from
blood cultures with MIC test; 38% of the isolates
were resistant to penicillin whereas 41% were resis-
tant to tetracycline. All the strains that were exam-
ined were sensitive to cephalosporins and van-
comycin. Doern et al."” examined a total of 352
Viridans streptococci that were isolated from blood
cultures at 43 medical centers during a time period
of two years, of these 13.4% had high degree and
429% had partial resistance to penicillin which
added to a total of 56.3%.

In our study we isolated 21 Viridans streptococci,
of these 33.35% were resistant to tetracyclines, 23.8%
to chloramphenicol and 19.04% to penicillin, while
all the isolated strains were sensitive to vancomycin.
In the effort to prevent the failures experienced in
the treatment of Viridans streptococci related infec-
tions, we have to identify carrier status, conduct epi-
demiological studies to this end and to demonstrate
multiple antibiotic resistance in a clear manner.

Today, penicillins are still used as the most effec-
tive medication against GAHS. In patients with
penicillin allergy, the first choice is eritromycin. In
cases who are not responding to treatment, antimi-
crobial agents like ampicillin- sulbactam or amoxi-
cillin-clavulonic acid and cephalosporins can be
used. Resistance to beta lactamase antibiotics is an
important health problem. In our study, the four
GAHS strains that were all sensitive to penicillin,
oflaxocin, ceftriaxone, cefepime and vancomycin
were 50% resistant to eritromycin and chloram-
phenicol and 100% resistant to tetracycline. For pub-
lic health and treatment purposes, the isolation of
GAHS, investigating their antibiotic resistance pat-
terns, identification of carriers and reducing their
numbers is very important. In the treatment of
GAHS penicillin continues to be the first choice.
However, it should be kept in mind that resistance
states can occur and these should certainly be
reported to the clinicians. Although this resistance is
not at a level that would create any concern for the
moment, it should be closely monitored and treat-
ment guidelines should be developed accordingly.
We believe that antibiotics should not be adminis-
tered before having culture-antibiogram results and
correct antibiotics should be chosen.

In the treatment of pneumococcal infections, the
antibiotic that should be given as a first choice is
penicillin. The studies that have been conducted

23

report that there is an increasing resistance to peni-
cillin throughout the years. Resistance has especial-
ly increased during the last 20 years. Starting from
1980 onwards, the resistance rates have reached 40%
in Spain, 58% in Hungary, 48% in France, 15.5% in
USA and 14.4% in South Africa, and different rates
are being reported for various geographical loca-
tions.”””"" With the evolution of penicillin resistant
pneumococci, the problem of resistance to other
antibiotics has become an issue as well.”*"! Perez-
Trallero et al.,”" reported eritromycin resistance as
7.9% in Streptococcus pneumoniae strains. Geslin et
al.”” reported that Streptococcus pneumoniae strains
have 20% resistance to tetracycline, 9% to chloram-
phenicol and 26% to eritromycin. In our study the
resistance pattern of the isolated Streptococcus pneu-
moniae strains were as follows: 25% to penicillin,
66.6% to trimetoprim/sulphometaxazole, 41.6% to
eritromycin, 58.3% to tetracycline, 33.3% to chloram-
phenicol and 16.6% to rifampin. The success in the
treatment of Streptococcus pneumoniae infections
depends on the isolation of the causative agent.
Today we have limited choices in the treatment of
infections caused by penicillin resistant pneumococ-
ci. To this end, we need the development of new
antibiotics that can reach high concentrations in the
tissue while not bringing about resistance while
being used in the treatment of penicillin resistant
pneumococci that might occur. Additionally, the
identification of the strains that are resistant to peni-
cillin and other antibiotics is an important tool in
our aim to strengthen the empirical treatment used
in clinical practice.

Nowadays, the treatment of chronic sinusitis is in
the type of empirical treatment directed at most
commonly found bacteria. However, the fact that we
have resistant strains and that there are differences
in the microbiological spectrum responsible from
the etiology, necessitates the identification of
causative agent and performing antibiotic sensitivi-
ty tests when possible.
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