>J DE GRUYTER
OPEN

MPUJIO3W. Oan. 3a men. mayku, XXXVI 3, 2015 MARY
CONTRIBUTIONS. Sec. of Med. Sci., XXXVI 3, 2015 MASA
10.1515/prilozi-2015-0080 ISSN 1857-9345

UDC: 616.284-002:616.21-002]-078

ADENOID VEGETATIONS — RESERVOIR OF BACTERIA FOR CHRONIC OTITIS
MEDIA WITH EFFUSION AND CHRONIC RHINOSINUSITIS

Marina Davcheva-Chakar?!, Ana Kaftandzhieva?, Beti Zafirovska3

L University ENT Clinic, Medical Faculty, Skopje, R. Macedonia

2 Institute of Microbiology and Parasitology, Medical Faculty, Skopje, R. Macedonia

% Institute of Epidemiology and Biostatistics with Medical Informatics, Medical Faculty,
Skopje, R. Macedonia

Corresponding Author: Marina Davcheva-Chakar, University ENT Clinic, Medical Faculty, 1000 Skopje,
R. Macedonia; Tel: +38970330553; E-mail: marinacakar@yahoo.com

Abstract

Introduction: Otitis media and rhinosinusitis are commonly encountered illnesses in pediatric
population. Literature reports have documented the association between the occurrence of these two
conditions and even their almost identical microbiological findings. Until recently, the key factor in
the association of these two conditions was considered to be the hypertrophic adenoid tissue, but
within the past few years there have been evidences in the literature about the presence of bacterial
biofilms on the adenoids suggesting biofilms to be also responsible for both conditions, chronic otitis
media with effusion and chronic rhinosinusitis.

Aim: The aim of this study was to make a microbiological analysis of the adenoid tissue specimens
taken from patients with chronic otitis media with effusion and chronic or recurrent rhinosinusitis
and to determine their potential for biofilms formation.

Methods: After the surgical intervention, adenoidectomy, microbiological evaluation and analysis of
the adenoid tissue specimens taken from 20 patients were made. Having in mind the disease history,
chronic otitis media with effusion was diagnosed in all 20 patients and chronic rhinosinusitis in 9
patients.

Results: The results obtained from the microbiological analyses showed many potentially pathogenic
bacteria in the adenoids that were almost identical with the most common organisms incorporated in
the etiopathogenesis of both conditions, in chronic otitis media with effusion and in chronic
rhinosinusitis. In 7 (35%) patients Haemophylus influenzae was isolated, in 6 (30%) Streptococcus
pneumoniae, in 4 (20%) Moraxella catarrhalis, in 2 (10%) patients Staphylococcus aureus and in 1
(5%) patient Streptococcus pyogenes — group A was isolated. One bacterium was isolated from all
adenoid vegetations, except in one case when two bacteria (Haemophylus influenzae and Staphy-
lococcus aureus) were concurrently isolated.

Conclusion: Our results have shown that the key role in adenoid vegetations in chronic otitis media
with effusion and chronic rhinosinusitis is not only the mechanism of rhinopharyngeal obstruction,
but also the presence of bacterial strains with a large potential for formation of biofilms adhered to
their surface, especially in cases with symptoms of chronic otitis media with effusion and chronic
rhinosinusitis that were resistant to antibiotic therapy.
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Introduction diatric population. According to the literature

Otitis media with effusion and rhinosinu-  43%-47% of the children with diagnosed otitis
sitis are commonly encountered illnesses in pe- media with effusion have concurrent sinusitis
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[1, 2], and 23% of the patients with chronic
sinusitis have otitis media with effusion [3]. A
large percentage of the children (78%) with
otitis media with effusion, who did not respond
to the effect of the anti-inflammatory therapy,
had concurrent rhinosinusitis. In children with
a combination of otitis media and sinusitis
microbiological findings from the middle ear,
the effusions were identical with the sinus aspi-
rates [4].

The failure of the antibiotic treatment in
the eradication of suspicious organisms has
motivated microbiologists to hypothesize the
presence of a bacterial community organized
and attached to the organic and inorganic
surfaces, the so-called biofilm [5, 6]. A biofilm
is a colony of one or several bacterial strains
embedded in a polymer matrix of their own,
which is composed of nucleic acids, polysac-
charides and proteins. In comparison with the
planktonic form, the biofilm matrix protects the
microorganisms, provides better survival and
protects them from the effect of the macro-
phages, antibiotics, fluctuations in temperature
and pH. The successful survival of bacteria by
biofilm formation is a subject of investigation
of many authors [7-9], in order to define the
role of the biofilm in the etiopathogenetic me-
chanism of the antibiotic resistance as well as in
the chronic course of the upper respiratory tract
inflammatory processes. The latest publications
from the Center for Disease Control and
Prevention have reported that 65% of the human
bacterial infections involve biofilms [10].

The aim of this study was to determine
the most common microorganisms in the tissue
specimens of adenoid vegetations in patients
with chronic otitis media with effusion
(COME) and chronic rhinosinusitis (CRS) resis-
tant to anti-inflammatory treatment, as a result
of which a surgical intervention i.e. adenoid-
deadenoidctomy was performed.

Material and methods

A total of 20 adenoid tissue specimens
were examined. They were taken from children
(12 boys and 8 girls of an average age of six
years) hospitalized at the University Ear, Nose
and Throat Clinic. The patients’ history revea-
led that all children had recurrent or chronic
inflammation of the middle ear, and 9 of these

children had concurrent chronic rhinosinusitis.
Adenoidectomy was performed in 15 children
and adenotonsillectomy in 5 children.

Each specimen was rinsed and put in a
sterile bottle with physiologic solution and sent
for microbiological examination and analysis at
the Institute of Microbiology and Parasitology,
Medical Faculty in Skopje. All specimens were
analyzed with standard microbiological techni-
ques. The specimens were inoculated on four
solid and one liquid media. Each specimen was
inoculated on the following media for bacteria
isolation: blood agar (for isolation of aerobic
bacteria), Schaedler agar (for isolation of anae-
robic bacteria), chocolate agar (for isolation of
Haemophilus), liquid medium — glucose broth
(for faster bacterial growth) and Sabouraud
agar for fungi isolation. All media were from
the manufacturer Oxoid, UK. From each speci-
men a direct microscopic specimen was made
and it was stained by Gram staining method
showing the eventually present leukocytes and
bacteria. Susceptibility to different groups of
antibiotics was examined in all isolated bacte-
ria by application of the standard disc diffusion
method. The following antibiotic discs were
tested: from the penicillin group — penicillin,
ampicillin, cloxacillin, amoxicillin-clavulanic
acid, vancomycin; cephalosporins — cefadroxil,
cefpodoxime, ceftriaxone, cefotaxime; amino-
glycosides — amikacin; lincosamines — clinda-
mycin; macrolides — erythromycin; quinolone —
ciprofloxacin and cotrimoxazole. All discs were
from the manufacturer Oxoid, UK in concen-
trations corresponding to the CLSI (Clinical
and Laboratory Standard Institute) standards.
The results from the disc diffusion method
were also interpreted according to the CLSI
standards.

The statistical analysis was made with
the statistical program SPSS for Windows,
17.0. The data are presented as absolute or
relative numbers. For comparison of the iso-
lates found in children with COME and with
COME and CRS Fischer’s exact, two-tailed
test was used. The values of p < 0.05 were
considered to be statistically significant.

Results
The microbiological results were positive
in all 20 adenoid tissue specimens. In the lar-
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gest percentage (35%) of specimens Haemo-
philus influenzae was isolated, followed by
Streptococcus pneumoniae (30%), Moraxella
catarrhalis (20%), Staphylococcus aureus (10%)
and Streptococcus pyogenes — group A (5%).
The statistical analysis of the presence of
different types of bacteria showed no signifi-
cant difference of Haemophilus influenzae,
Streptococcus pneumoniae, Streptococcus pyo-
genes, Moraxella catarrhalis and Staphylococ-

Table 1

cus aureus between the group of children with
COME and children with both COME and
CRS.

Haemophilus influenzae and Streptococ-
cus pneumoniae were more frequently isolated
from adenoids of children with COME and
CRS while Streptococcus pyogenes, Moraxella
catarrhalis and Staphylococcus aureus were
more frequently isolated from adenoids of
children with COME (Table 1).

Isolates from children with COME and from children with COME and CRS

Organisms Number of Number (%) of p-value
isolates-COME isolates-COME+CRS
(n=20) (n=9)

H. influenzae 8 (40%) 4 (44.5%) p=1.0
St. pneumoniae 6 (30%) 4 (44.5%) p = 0.67
St. pyogenes 1 (5%) 0 p=1.0
M. catarrhalis 4 (20%) 1 (11%) p=1.0
St. Aureus 2 (10%) 0 p=1.0

P (Fisher exact, two tailed)

The results obtained for the susceptibility
of microorganisms to certain antibiotics sho-
wed that Haemophilus influenzae, Streptococ-
cus pyogenes and Staphylococcus aureus stra-
ins were susceptible to all tested antibiotics,

except to cotrimoxazole. Mild susceptibility
and resistance to certain antibiotics was found
for Streptococcus pneumoniae and Moraxella
catarrhalis isolates (Table 2).

Table 2
Susceptibility of isolates to antibiotics
Pathogenic Antibiotics — (S,I,R)
bacteria
) - = %
= = £ , = p= = 'S

Bacteria/numb - | £EE| £ = of & = E: % £ c S | S § <

er of patients = |38 B 2 8| E S S X | % |38 E|E | 2| ¢

P T |28 & |83/ 8 |28/ 88| |58 |2 |€E|£|¢8]|E

S E E| © IS = 5= B ‘S IS = = =7 IS

g | << G <s| > ST SEIS |8 | < o la |5 |8
M. catarrhalis 4-R | 4-R 4-S 4-R 4-R 4-] 4-S 4-S 4-1 4-1 4-] 4-S | 4-S | 4-R
St. pyogenes 1-S 1-S 1-S 1-S 1-S 1-S 1-S 1-S 1-S 1-S 1-S| 1S | 1S | 1-R
St. Pneumoniae | 6-I 6-1 6-1 6-S 6S 6-S 6-S 6-S 6-R 6-S 6-S | 6-R | 6-S | 6-R
H. influenzale 7-S 7-S 7-S 7-S 7-S 7-S 7-S 7-S 7-S 7-S 7-S | 7-S | 7-S | 7-R
St. aureus 2-S 2-S 2-S 2-S 2-S 2-S 2-S 2-S 2-S 2-S 2-S | 2-S | 2-S | 2-S

Legend: S-susceptible; I-moderately susceptible; R-resistant

Discussion

Hypertrophic adenoid vegetations sup-
port the development of COME and COME
causing mechanical obstruction of choanae and
Eustachian tube, which results in secretion sta-

sis in nasal fosse and middle ear [11]. In ad-
dition to the effect of obstruction, recent inves-
tigations have emphasized that adenoids might
act as a reservoir of pathogenic bacteria in both
conditions, in COME and COM [12]. The re-
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duction in the number of COME episodes fol-
lowing adenoidectomy in children > 3 years,
independently of the adenoid’s size, suggests
that the mechanical obstruction in the upper
respiratory tract is not the unique risk factor for
recurrent COME [13]. The debate about this
bacterial reservoir and its role in the etiology of
these two clinical entities is still open. The
results presented in one study including a large
number of children showed that COME and
CRS were found in 11% of the total number of
children who did not have adenoids, and the
percentage was significantly increased up to
50% in children with adenoid vegetations [14].

Recently a group of authors introduced a
fluorescent in situ hybridization (FISH), and
immunostaining combined with confocal laser
scanning microscope to prove that bacterial
strains in adenoid and tonsil tissue specimens
were identical with the pathogens commonly
isolated in patients with chronic infections
[15]. Other authors have demonstrated that the
percentage of Haemophilus influenzae decre-
ases with the increasing age [16].

In the study of Galli et al. [17] biofilms
were identified in 100% of samples, and Hae-
mophilus influenzae was the most commonly
isolated bacteria in adenoid tissue.

One study has shown that Haemophilus
influenzae has a large propensity of in vitro
biofilm formation. This observation might be
associated with the physiologic state that dif-
fers from that of the bacteria growing in a plan-
ktonic form, which might explain the unre-
sponsiveness to antibiotic treatment [18]. As an
opportunistic pathogenic bacterium Haemo-
philus influenzae coexists with other organisms
in the nasopharynx. Its transmission into patho-
gen happens most probably due to variations in
the protection system such as alterations in
mucocilliary transport and Eustachian tube dys-
function [19].

In this study there was no statistically
significant difference in the incidence of Hae-
mophilus influenzae, Streptococcus pneumo-
niae, Streptococcus pyogenes and Staphylococ-
cus aureus, M. catarrhalis and St. aureus bet-
ween children with COME and children with
both COME and CRS suggesting interference
of these two conditions with adenoids from

which these potentially pathogenic bacteria
were isolated.

Our results are similar with other presen-
ted in a large number of studies indicating that
adenoidectomy is effective in the treatment of
COME and CRS, having in mind that adenoids
act as a reservoir of pathogenic bacteria and
play an important role in the pathogenesis of
these two conditions [13, 20-22].

The analyses about the susceptibility of
microorganisms to certain antibiotics have
shown that Haemophilus influenzae, Strep-
tococcus pyogenes, Moraxella catarrhalis and
Staphylococcus aureus were susceptible to all
tested antibiotics, except to cotrimoxazole to
which Haemophilus influenzae and Strepto-
coccus pyogenes were resistant. Mild suscep-
tibility and resistance to certain antibiotics was
observed in Streptococcus pneumoniae and
Moraxella catarrhalis isolates. This result sug-
gests the need for treatment of these conditions
in line with the microbiological finding and
antibiogram.

Conclusion

The treatment of COME and CRS in the
pediatric population is still an issue under dis-
cussion among the specialists in otorhinolary-
ngology and microbiology.

In this study the microbiological findings
obtained from the adenoid tissue specimens of
patients with COME and CRS have indicated
that isolated bacteria might form a biofilm,
which on the other hand might be a reservoir of
pathogens for COME and CRS. This has a sub-
stantial diagnostic-therapeutic importance.

Based on the results obtained we assume
adenoidectomy, independently on the size of
the adenoid vegetation, to be justifiable in chil-
dren with COME and CRS.

The results of in vitro tests of bacterial
susceptibility to certain antibiotics have poin-
ted out the need of a greater collaboration bet-
ween the otorhinolaryngologists and microbio-
logists in order to suggest the most adequate
antibiotic agent in treatment of chronic rhinosi-
nusitis and otitis media.

To prevent the ability of bacteria to form
a biofilm as well as to prevent biofilm forma-
tion it is necessary to develop a biofilm-related
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method. All methods for detection of biofilms
are not available for routine work, except in
highly specialized research centers. There are
still no methods for routine detection of bio-
films and hence the effective intervention de-
pends on the quality of the clinical diagnosis.
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Pesume

AJEHOUIU BEI'ETALIUU — PESEPBOAP
HA BAKTEPHUU 3A XPOHHUYEH OTUTHUC
MEJIHNJA CO E®Y3NJA U XPOHUYEH
PUHOCHHYCHUTHUC

Mapuna /lapueBa-Yakap', Ana Kadpranuunena?,
Beru 3aguposcka®

! VHuBep3uTETCKA KIMHKUKA 3@ YBO, HOC U TPJIO,
Menunuacku dakynret, Ckonje, P. Makenonuja
2IHCTHTYT 32 MUKPOOHOJIOTHja U APa3UTOIIOTH]a,
Meaununcku pakynret, Cromje, P. Makenonuja

3 UHCTUTYT 3a €NMIEMHUOJIOTHja U OMOCTATUCTUKA
CO MeAMIMHCKA nH}popMaThKa, MeauIMHCKH
¢dakynrer, Cxomje, P. Makenonuja

Bogeg: Punocunycutuc u OTUTHC MeAMja ce
3a00TyBamha KOM MHOTY 4YECTO C€ CPETHyBaaT BO
TeIijaTpucKaTa momyiamngja. Bo iureparypara jac-
HO € TOTBPJCHA acollhjanyjaTta 1moMery OBHE IIBE
COCTOjOM M AypH € MOTBPJCHO COBIArame Ha HHB-
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HHUTE MUKpOOHOIOMKHN Haoau. [lo HeogaMHa ce cMme-
Tame Jeka KIydeH (aKTop IITO T'H ITOBP3yBa OBHE
JIBE COCTOjOU € XUTIEPTPOPUYHOTO aJCHOUTHO TKHBO,
HO OJ IpeJ HEKOJKY TOAMHU JInTepaTypaTa OIH-
ITyBa MPUCYCTBO Ha OaKTepUCKU OMO(HIM Ha ajie-
HOWJIUTE, IITO Ccyrepupa Jexa OMo(UIMOT, MCTO
Taka, € OATOBOPEH 3a JIBeTe COCTOjOM 3a XPOHHYEH
otuTHC Menuja co edysrja M 3a XPOHWUYEH PUHO-
CHHYCHTHC.

L]en: OBaa cTyamja uMmarie 1ej Aa ce yTBpIU
W 3a ce HampaBH MMKPOOHMOJIOIIKA aHajiu3a Ha
a/ICHOMTHOTO TKUBO Kaj TAI[MEHTH CO OTHUTUC Me-
Ija U XPOHUYCH/WIH PEKYPEHTEH PUHOCHHYCHTHUC
W J1a ce OApend HUBHUOT MOTEHHHWjan 3a (Gopmu-
pame Ha OHOpUIM.

Meiuogu: Tlo cupoBeneHa XUpypliKa UHTEP-
BEHIIMja, aJICHOUACKTOMHja, Oelle HampaBeHa MHU-
KpOOHMOJIOIIKa eBalyalldja W aHajiu3a Ha aJCHOWJI-
HOTO TKHBO Kaj 20 marmmenTn. Criopes moIaTonuTe o
ucropujara Ha Oonecra, kaj cute 20 manueHTy Oerie
JMjarHOCTHLIMPaH XPOHMYEH OTUTHUC MeIuja Cco
edysuja, a Kaj JeBETMHUHA OJ1 BKYITHHOT Opoj TaIieH-
TH Oertie BepuUIpaH XpOHUIEH PUHOCHHYCHTHC.

Pesyninaiiu: Pesynrature o] MUKPOOHO-
JOIIKATa aHAJIHM3a OKaKaa JeKa aJeHOUIUTE COMIp-
JKaT MHOTY TIOTEHIIMjaJTHO TATOTeHH OaKTepHH, KOU
ce MOKJIONYBAAaT CO HajYeCTUTE OPraHU3MHU HHKOP-

MOpUpaHH BO €THOMATOreHe3ara Ha ABETE COCTOjOH
PUHOCHHYCHUTHUC U OTHTUC Meamja co edys3uja. Kaj
cenymuna (35%) mammentu Oemre m3onmpan Hae-
mophylus influenzae, kaj mectmuna (30%) Gemre
n3oaupan Streptococcus pneumoniae, a moroa cie-
nyBaa Moraxella catarrhalis n3onupaHa o 4eTBO-
puria (20%) manmentu, Staphylococcus aureus kaj
nBajua manuenty (10%) Geme uzonupan u Strepto-
coccus pyogenes kaj eaen namuent (5%). Ox cute
aJICHOMIHH BereTanuy Oelle H30JHMpaHa Mo eIHa
OakTepuja, OCBEH BO €JCH Cilly4yaj kora 0ea UCTO-
BpeMeHO u3oiupanu ase Oaxrepun: Haemophylus
influenzae u Staphylococcus aureus.

3axnyuok: Pesynratute om 0BOj TPyH IOKa-
JKyBaaT JieKa KIIyyHaTa yjora Ha aJeHOMIHHUTE Be-
reranuu Kaj XPOHUYHHUTE PUHOCUHYCHUTU U OTUTHUC
Menuja co edy3uja HE € caMO MEXaHW3MOT Ha pH-
HO(apHHTeaTHa ONCTPYKIHja, TYKY U IPUCYCTBOTO
Ha OaKkTepHCKH COEBH CO TOJIEM TMOTCHIMjal 3a
thopmupame OnoduM Ha HIBHATA MTOBPIINHA, OCO-
OCHO Kaj Cilydad cO CHMITOMH Ha XPOHUYEH PHUHO-
CUHYCHUTHC ¥ XPOHUYCH OTUTHUC MeaHja co edysuja,
Ko Oea OTIIOPHU Ha aHTHOMOTCKA Teparyja.

Knyunu 300poBH: aJeHOMIHN BereTallM, OaKTEPUCKH
pe3epBoap, XpOHUUYCH OTHTHC Meauja co edysuja, Xpo-
HUYECH PUHOCHHYCHTHC



