
Journal of Antimicrobial Chemotherapy (2001) 48, 269–273

Introduction

The adenoids are believed to play a role in several infec-
tious and non-infectious upper airway illnesses. They may
be implicated in the aetiology of otitis media,1–6 rhinosinus-
itis,1,4,7,8 adenotonsillitis9 and chronic nasal obstruction.10,11

The cores of adenoids from children with recurrent otitis
media (ROM) contain polymicrobial aerobic and anaero-
bic flora similar to the flora found in adenoids from patients
without any pathology.12 However, the concentration of
most of the aerobic and anaerobic bacteria and the number
of potential pathogens (Haemophilus influenzae, Strepto-
coccus pneumoniae, Moraxella catarrhalis) and the number
of �-lactamase-producing bacteria (BLPB) is higher in 
adenoids from patients with ROM.12

Adenoidectomy is often performed in children who 
suffer from ROM to alleviate the obstruction of large 
adenoids.1–3 This study was designed to investigate the
effect of amoxycillin (AMX) or co-amoxiclav (AMC) 
therapy on the potential pathogens as well as the aerobic

and anaerobic bacterial flora of core adenoid tissues in 
children with ROM who were scheduled for elective 
adenoidectomy.

Materials and methods

Patients

Forty-five children (31 males) participated in the study
(mean age 4 years and 11 months; range 3–6.5 years). All
were defined as suffering from ROM by having had at least
six episodes of acute suppurative otitis media in the past 
2 years. They underwent adenoidectomy and bilateral or
unilateral tympanoplasty with tube insertion because of
ROM.

Patients known to have received antimicrobial therapy
or to have had any infection during the previous month, or
those patients known to be allergic to AMX or AMC were
excluded from this study. This was determined by review 
of medical records and a questionnaire completed by the
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parents. Informed written consent was obtained from the
parent(s) or guardian and the study was approved by the
institutional Human Use Committee.

Study design

The patients were randomized using a table of random
numbers into three treatment groups with 15 patients in
each. Patients in group 1 received therapy with oral AMX
40 mg/kg/day every 8 h for 10 days; those in group 2
received oral AMC 40 mg/kg/day every 8 h for 10 days; and
those in group 3 (controls) received no antibiotics. The 
distribution of the patients’ age, sex and previous anti-
microbial therapy was similar in the three groups. Follow-
ing their medical and otolaryngological examination, the
patients were scheduled for an elective adenoidectomy 2–6
weeks later. They were given the medication and instructed
to start taking the medication 12 days before surgery and to
discontinue therapy 48 h before the procedure. Patient
compliance with administration was checked by inspection
for unused medication. All patients complied with the 
regimen of therapy. No side effects were noted following
therapy, except for mild diarrhoea, which occurred in one
child each in groups 1 and 2.

Microbiology

Following adenoidectomy, the adenoids were placed in a
sterile container and promptly taken to the microbiology
laboratory, where the surface of the right adenoid was 
cauterized with a heated scalpel and an incision was made
through the area, cutting the adenoid in half. A biopsy of
the core of the adenoid was obtained, weighed, homo-
genized and inoculated into media appropriate for the
growth of aerobic and anaerobic bacteria for quantitative
determination of growth. The method used could detect
�102 cfu per gram of tissue.13

Aerobic and anaerobic bacteria were identified as
described previously using conventional methods.13,14

�-Lactamase activity was determined using five colonies 
of each morphological type for all isolates by using the 
Cefinaz disc (BBL, Cockeysville, MD, USA).

Statistical analysis

The data from each patient consisted of the total number of
isolates, pathogens and BLPB categories for which the 
subject was positive. When the three groups were com-
pared at the same time using a randomization test,15 15 000
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Table I. Aerobic and facultative organisms isolated from the core of excised adenoids from 
45 children with ROM

No. of isolates (cfu � S.D.)a

AMX therapy AMC therapy control
Organism (n � 15) (n � 15) (n � 15)

Gram-positive cocci
S. pneumoniae 3 (6.8�1.2) – 4 (7 � 1.1)
�-haemolytic streptococcus 9 (4.1 � 1.1) 8 (5.2 � 0.2) 13 (5.4 � 0.6)
non-haemolytic streptococcus 8 (4.4 � 0.5) 9 (3.8 � 0.6) 14 (4.8 � 0.7)
�-haemolytic streptococcus
group A 2 (4.8 � 0.5) 1 (3.7) 2 (7.6 � 0.8)
group F 1 (4.4) 1 (4.1) 1 (6.0)

Staphylococcus aureus 6 (4.2 � 0.7) 2 (4.2 � 0.4) 7 (7.4 � 1.4)
Staphylococcus epidermidis 1 (3.6)

Gram-positive bacilli
Lactobacillus spp. 2 (4.5 � 0.4) 2 (3.8 � 0.5) 2 (5.2 � 0.8)
diphtheroid spp. 4 (3.6 � 0.5) 3 (4.8 � 0.6) 3 (4.8 � 0.5)

Gram-negative bacilli
M. catarrhalis 7 (7.1 � 0.8) 1 (4.0) 8 (6.4 � 0.6)
H. influenzae
type b 2 (5.2 � 0.4) 1 (4.8) 2 (7.1 � 0.5)
non-type b 10 (7.2 � 0.8) 2 (5.3 � 0.1) 12 (7.5 � 1.0)

Haemophilus parainfluenzae 1 (6.6) – 2 (6.6 � 0.4)
Eikenella corrodens 1 (5.8) – 1 (5.2)
Escherichia coli – 1 (6.2)

Total 56 31 72

aMean number of organisms per gram, expressed as log10 cfu � S.D.
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random permutations were used; when two groups were
compared, 10 000 random permutations were used.

Results

Polymicrobial aerobic–anaerobic flora were present in all
instances. The predominant aerobic isolates in all three
groups were �-haemolytic and non-haemolytic strepto-
cocci, �-haemolytic streptococci, H. influenzae, Staphylo-
coccus aureus and M. catarrhalis. The anaerobic bacteria
most commonly recovered in all groups were Pepto-
streptococcus spp., Prevotella spp. and Fusobacterium spp.

One hundred and forty-eight organisms (9.87 isolates
per specimen, 72 aerobes and 76 anaerobes) were cultured
from the control group, 110 (7.3 isolates per specimen, 56
aerobes and 54 anaerobes) were isolated from the AMX
group and 54 (3.6 isolates per specimen, 31 aerobes and 23
anaerobes) were recovered from the AMC group (Tables I
and II). Patients treated with antimicrobials had fewer 
isolates recovered than those who received no therapy
(Tables I and II). A significant reduction in the number of
isolates compared with the control group occurred in those

treated with AMX (110; P � 0.05) or AMC (54; P � 0.001).
However, the number of isolates recovered in patients
treated with AMC (54) was significantly lower than those
treated with AMX (110) (P � 0.005).

The number of bacteria in adenoid tissue varied between
103 and 108.2 cfu/g. The number of anaerobic bacteria
exceeded the number of aerobic bacteria in the ratio of
1:100 (Tables I and II). The number of cfu per gram of 
tissue was 10–1000 times lower in those treated with AMX,
and 100–10 000 times lower in those treated with AMC.

The total number of known aerobic pathogens (e.g. 
S. pneumoniae, S. aureus, �-haemolytic streptococci, Haemo-
philus spp. and M. catarrhalis) was lower in the AMC 
group compared with the two other groups (P � 0.001): 
eight potential pathogens (0.5 isolates per adenoid) were
recovered from the AMC group, compared with 31 (2.1 iso-
lates per adenoid) from the AMX group and 38 (2.5 isolates
per adenoid) from the control group.

Fifty BLPB were recovered from 13 (87%) of the control
group, 37 BLPB from 11 (73%) of the AMX group and
nine BLBP from six (40%) of the AMC group (P � 0.001
compared with the control group and 0.025 compared with
the AMX group) (Table III).
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Table II. Anaerobic bacteria isolated from the core of excised adenoids from 45 children with
ROM

No. of isolates (cfu � S.D.)a

AMX therapy AMC therapy control
Organism (n � 15) (n � 15) (n � 15)

Gram-positive cocci
Peptostreptococcus spp. 11 (5.8 � 0.8) 5 (4.0 � 0.5) 12 (6.2 � 0.6)
microaerophilic streptococci 3 (6.2 � 0.6) 1 (3.4) 6 (6.4 � 0.8)

Gram-negative cocci
Veillonella parvula 5 (6.0 � 0.5) 2 (3.5 � 0.3) 4 (5.4 � 1.0)

Gram-positive bacilli
Bifidobacterium adolescens 1 (5.5) 1 (6.3)
Eubacterium spp. 1 (4.6) 1 (5.6)
Propionibacterium acnes 2 (4.7 � 1.3) 1 (3.1) 3 (5.4 � 0.9)
Actinomyces spp. 1 (5.2) 1 (5.4)

Gram-negative bacilli
Fusobacterium spp. 3 (4.6 � 0.3) 1 (3.9) 4 (7.0 � 1.2)
Fusobacterium varium 1 (7.3) 1 (8.2)
Fusobacterium nucleatum 7 (6.0 � 0.7) 4 (3.6 � 0.2) 10 (7.6 � 1.3)
Bacteroides spp. 1 (5.2) 1 (4.1) 2 (6.8 � 0.8)
Porphyromonas asaccharolytica 2 (5.4 � 0.6) 1 (3.4) 3 (6.4 � 1.0)
Prevotella melaninogenica 7 (5.8 � 1.0) 3 (4.7 � 0.2) 11 (7.4 � 0.8)
Prevotella intermedia 4 (6.6 � 1.0) 2 (5.0 � 0.3) 7 (8.2 � 1.2)
Prevotella oralis 2 (4.9 � 1) – 4 (6.2 � 0.8)
Prevotella oris 2 (5.2 � 0.5) 1 (5.2) 3 (7.2 � 0.6)
Bacteroides fragilis group 1 (4.6) 1 (4.8) 3 (6.4 � 0.4)

Total 54 23 76

aMean number of organisms per gram, expressed as log10 cfu � S.D.
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Discussion

This study highlights and supports our previous observa-
tion that the core of adenoids in children with ROM 
contains polymicrobial aerobic and anaerobic flora that
include potential respiratory pathogens as well as BLPB.9,12

We recovered similar polymicrobial flora, although in
lower numbers and with a lower frequency of pathogens
and BLPB, in ‘normal’ adenoids.12

Whether the presence of these bacteria in the core of
adenoids of patients with ROM contributes to any patho-
logical process in them has not yet been determined. How-
ever, the 100- to 1000-fold increase in the number of several
species of these organisms in adenoids of patients with
ROM compared with ‘normal’ adenoids suggests that these
bacteria may contribute to the inflammatory process in
ROM.

Our study compared the effect of therapy of two anti-
microbials on the flora of the adenoids in patients suffering
from ROM. While both AMX and AMC reduced the total
number of bacteria overall, the reduction in the number 
of potential pathogens and BLPB was more significant 
following the use of AMC.

Since many of the potential pathogens (Haemophilus
spp., M. catarrhalis and S. aureus), as well as other mem-
bers of the adenoid flora produced �-lactamase, the sup-
erior efficacy of AMC may be due to its activity against
BLPB. The elimination of non-pathogenic BLPB may also
be beneficial, as these organisms might ‘shield’ penicillin-

susceptible pathogens (e.g. S. pneumoniae and �-haemo-
lytic streptococci) from penicillins.16 This phenomenon
might explain the survival of penicillin-susceptible bacteria
such as S. pneumoniae in children treated with AMX in our
study. The aerobic and anaerobic organisms, including
BLPB, isolated from adenoids of patients with ROM are
similar to those isolated from the cores of tonsils from
patients with a history of recurrent inflammation attribut-
able to either group A17–19 or non-group A19,20 streptococci.
Antimicrobials effective against BLPB, as well as group A
streptococci, were effective in eliminating recurrent tonsil-
litis. These agents included AMC21,22 and clindamycin.16,18

The increased number of BLPB in adenoids of patients
with recurrent ROM may be a result of increased exposure
to antimicrobial agents. The existence of BLPB, many of
them anaerobes within the core of the adenoids, may
explain the persistence of many pathogenic organisms in
the core of adenoids, where they may be shielded from the
activity of penicillins.16 Chronically infected adenoid tissue
may also be a causative factor in the recurrence of middle
ear disease by causing Eustachian tube dysfunction, serving
as a reservoir of pathogenic bacteria.

Recently, Kononen et al.23 reported an increased recovery
rate of anaerobic bacteria from the nasopharynx of 
children during acute otitis media episodes. The signifi-
cance of these anaerobic bacteria in the pathogenesis of
such episodes is uncertain. However, if these organisms
play a role in the pathogenesis of acute or recurrent otitis
media, reducing their number may contribute to recovery
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Table III. �-Lactamase-producing bacteria isolated from the core of 45 excised adenoids

No. of BLPB/total no. of isolates

amoxycillin co-amoxiclav control
BLPB therapy (n � 15) therapy (n � 15) (n � 15)

Aerobes
S. aureus 6/6 2/2 7/7
M. catarrhalis 7/7 1/1 8/8
H. influenzae
type b 2/2 1/1 1/2
non-type b 6/10 2/2 8/12
H. parainfluenzae 1/1 – 1/2
aerobes subtotal 22/26 6/6 25/31

Anaerobes
Fusobacterium spp. 2/3 1/1 2/5
F. nucleatum 4/7 1/4 6/10
Prevotella melaninogenica 3/7 0/3 7/11
P. intermedia 2/4 0/2 5/7
P. oris 1/2 0/1 2/4
B. fragilis group 1/1 1/1 3/3
anaerobes subtotal 12/24 3/12 25/40

Total 37/50 (72%) 9/18 (50%) 50/71 (70%)
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and may prevent recurrences. Indirect evidence for the
potential importance of microorganisms in adenoid hyper-
trophy was recently provided by Sclafani et al.,24 who
demonstrated a significant reduction in the need for adeno-
tonsillectomy after 30 days of therapy with AMC compared
with placebo in children with hypertrophic adenoids and
tonsils. The effect of AMC therapy may be owing to its
activity against aerobic and anaerobic BLPB, which are
found in higher numbers in the cores of hypertrophic 
adenoids and tonsils.9,12

Further studies are warranted that would compare the
efficacy of antimicrobial agents that are active against
potential pathogens, as well as BLPB, with other agents
that are not active against these organisms in the treatment
of ROM associated with adenoid hypertrophy. Such 
studies may shed more light on the role of specific bacteria
in this condition and could determine whether the use of
antimicrobial agents is an adequate substitute for the surgi-
cal removal of adenoids.
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