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ABSTRACT

Acute otitis media. Aspects of diagnosis and prophylaxis.

Acute otitis media (AOM) is one of the most common childhood diseases, and the most
common cause of antibiotic treatment in small children. Most children will experience one or
two episodes of AOM during preschool age, but some will suffer from repeated attacks and
become otitis-prone. Complications with severe, sometimes fatal, infections such as acute
mastoiditis and meningitis are now rare, but do still exist.

The major pathogens found in AOM are Streptococcus pneumoniae, Haemophilus influenzae,
Moraxella catarrhalis, and Streptococcus pyogenes. During recent decades, all these common
upper airway bacteria have developed various degrees of resistance to antibiotics. Several
studies have related this problem to a large consumption of antibiotics, especially in small
children. It would be of great benefit to reduce the antibiotic consumption in these small
children without increasing the incidence of serious complications.

In the first two studies, intermittent antibiotic prophylaxis at upper respiratory tract infections
(URTI) was tested as a method of reducing the number of AOM episodes in young, otitis-
prone children. Long time prophylaxis with antibiotics has been shown to be effective, but
greatly increases antibiotic consumption. The prophylactic model studied here was treatment
with a short-term penicillin V course of 5 days at episodes of URTI. This seemed effective in
the slightly older patients in the first study, but ineffective in the younger, truly otitis-prone
children in the second study. The children in this study were treated with large quantities of
pcV during the study period of one year, but there was no change in the upper airway bacteria
regarding either susceptibility to B-lactams in the S. pneumoniae or B-lactamase production in

the H. influenzae.

Most complications in AOM are caused by Gram-positive bacteria; most AOM caused by
Gram-negative bacteria will heal without treatment. If we could differentiate the potentially
dangerous bacteria from the more harmless ones at the time of diagnosis, we might be able to
chose treatment more judiciously and thus lower the number of antibiotic treatments without
raising the number of complications. An experimental study showed that we were able to
predict whether the type of bacteria responsible for the infection was Gram-positive (S.
pneumoniae and S. pyogenes) or Gram-negative (H. influenzae and M. catarrhalis). The same

was possible in humans studied at the ENT department in Skévde during optimal conditions.



In summary; short-term prophylaxis with penicillin V at URTI in children did not reduce the
number of episodes of AOM in the younger, truly otitis-prone children. The antibiotic
susceptibility for penicillin in the S. preumoniae during these repeated courses of pcV did not
change; neither did the H. influenzae produce more f3-lactamase.

It was possible to predict whether a Gram-positive or Gram-negative bacterium was the
causative pathogen in an experimental and a human setting, further emphasising the need for

better diagnosis in AOM.
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INTRODUCTION

Acute otitis media (AOM) is primarily a childhood disease, although it can also occur among
adults. Episodes in adults are often severe, and it is recommended that adult patients should
always be treated with antibiotics (Sugita). In children, however, AOM is often a self-limiting
disease which heals without any treatment in the majority of cases. Almost all children
experience at least one episode of AOM before school age, but on average will only suffer
one or two episodes in total. However, approximately 5% of children will experience
recurrent episodes of AOM (rAOM), often defined as at least 3 episodes of AOM over a 6-
month period or 4 episodes over a year (Ingvarsson). These “otitis-prone” children constitute
a problematic group, both for their families and for the health care system (Alho).

The treatment of AOM has been under discussion for several reasons. AOM is not only the
most common reason for antibacterial treatment in children, but it is also difficult to diagnose

and there is a need for a better diagnostic procedure.

1.1 Definition of OM

The definition of AOM is still under debate. Pathophysiologically, AOM is an inflammation
in the mucous membrane of the middle ear with the development of a purulent effusion which
becomes trapped in the middle ear. Cytokines are known to play an important part in this
process; the earliest to emerge during experimental AOM is IL-6 (Melhus 2000), which seems
to be totally independent of the infecting agent.

There are different clinical definitions of AOM in different parts of the world, and definitions
may also have changed over time. In Evidence Based OM (1999), Bluestone states that
“AOM is the rapid onset of signs and symptoms, such as otalgia and fever, and of acute
infection in the middle ear” (Bluestone). A Swedish textbook states that “AOM is a disease
with a rather rapid course. The symptoms seen are earache and hearing impairment. When
examining the patient you find a red, thickened, often bulging tympanic membrane (TM),
which sometimes ruptures and causes otorrhea” (Anniko). The presence of purulent middle
ear effusion together with signs of acute infection is also the definition given by Karma
(Karma). The purulent middle ear effusion makes the tympanic membrane bulge and become
more or less immobile. Acute discharge from the ear by spontaneous perforation or through a

tympanostomy tube is also defined as an AOM (Karma 1987, Rosenfelt & Bluestone). In



several countries the definition is wider, for example in Holland, where the definition of
AOM is an infection of the middle ear with an acute onset and a duration of less than three
weeks, characterized by an abnormal eardrum, and sometimes accompanied by earache, fever,
perforation of the eardrum, or general illness (guidelines of the Dutch College of General
Practitioners). Under this definition, a purulent effusion is not necessary for the diagnosis of
AOM.

The natural course of an untreated episode of AOM is not fully known. Comparisons with the
pre-antibiotic era are not reliable since both the bacterial spectrum and living conditions have
changed. The Streptococcus pyogenes (S. pyogenes) were the predominant bacteria in the
middle ear effusion during the pre-antibiotic era. Modern studies of “watchful waiting”,
which use a selected material, do not give an adequate picture of what would happen if all
AOM were left without treatment. Furthermore, in all such studies that have been conducted,
interventions were of course made as soon as the patients showed signs of complications. It
has, however, been shown that a majority of cases will heal without intervention, although
most studies have found the period of pain to be longer in the untreated cases (Del Mar, van
Buchem).

Secretory otitis media (SOM), a non-purulent effusion trapped in the middle ear space, is
often seen after an episode of AOM, but might also appear without a known preceding
episode of AOM. In all probability, the etiology is multifactorial. SOM in conjunction with
upper respiratory tract infections (URTTI) of viral origin might be misinterpreted as an episode

of AOM.

1.2 Diagnosis of AOM

In most parts of the world, patients with AOM are mainly seen by General Practitioners (GPs)
and paediatricians, and only to a small extent by Ear, Nose, and Throat (ENT) specialists, who

are usually consulted only in cases of complications and surgical treatment.

The gold standard of a diagnosis of AOM is a full view of the TM and growth of bacteria
from the middle ear effusion (Rosenfelt, Karma 1987, Pichichero). In current practice,
tympanocentesis is seldom performed, since it is considered an unethical procedure in a child
who displays neither severe symptoms nor a threat of complications. There is no easy way of
performing a painless tympanocentesis on a child without general anaesthesia; however, it can

be performed in adults under local anaesthesia.



Blomgren has reported on the skills of diagnosing AOM in general practitioners,
paediatricians, and otorhinolaryngologists using pneumatic otoscopy and tympanometry
(Blomgren 2003), and showed that pure otoscopy is uncertain in diagnosing an AOM. A
tympanometry curve may add further information, but there are still differences in diagnostic

skills between GPs, paediatricians, and ENT surgeons (Blomgren 2003).

AOM is hardest to diagnose in very young children, since they have relatively narrow ear-
canals and are rarely cooperative. Signs and symptoms such as URTI, fever, and malaise are
insufficient for a diagnosis of AOM (Rothman). Rothman reported in 2003 that a TM which is
cloudy, bulging, and distinctively immobile may strongly suggest an AOM (Rothman).
Earache is another symptom highly indicative of an AOM (Palmu), but has the disadvantage
that a young child may not be able to verbally convey its presence. Many countries now have
written guidelines on AOM; and in some of these guidelines, for example those of the Dutch
(The Dutch Collegue of General Practitioners), the criteria for a diagnosis of AOM are very

wide.

In everyday practice, AOM is usually clinically verified by otoscopy alone. Several authors
have pointed out the necessity of using a pneumatic otoscope; the mobility of the tympanic
membrane provides essential information about the status of the middle ear (Bluestone,
Rothman, Rosenfelt 1994, Blomgren). In addition to the pneumatic otoscope, tympanometry
might also be used. While tympanometry can reveal the presence of effusion in the middle
ear, it cannot distinguish the type of effusion as purulent or non-purulent. Otomicroscopy is a
diagnostic tool mainly used by ENT specialists; however, more frequent use in primary care
would be desirable. Its great advantages are the magnification of the TM and the ability to use
both hands during investigation, which can enable a diagnostician to clear obscuring material

from the ear canal in order to see the TM properly.

AOM is probably very often confused with an SOM in conjunction with a URTI (Garbutt),
particularly if the pneumatic otoscope is not used to test the mobility of the TM. A red TM
with a normal mobility may also be caused by the child shouting and be a normal status of the

™.



2. Epidemiology

AOM is a common disease, with 50% of all children experiencing their first AOM before the
age of one year (Ruuskanen 1994, Alho 1991, Sipild). The incidence peaks at around 12
months of age and then declines (Pukander, Teele 1989, Alho). The incidence also varies
throughout the year, with a lower number of infections during the summer months. The
incidence of AOM is higher today compared to 30 years ago (Joki-Erkkild 2000), but most
episodes have milder symptoms and complications are fewer. Here again, the criteria for
AOM might affect the figures. The milder symptoms might partly be explained by a shift in

the causes of AOM from S. pyogenes and pneumococci towards NTHi.

Several risk factors for AOM have been reported during the last two decades. Verified
negative factors include male gender, absence of breast feeding, and young age (Teele 1989,
Duncan, Alho), as well as early day care attendance (Teele 1991) and parental smoking
(Stenstrom). A genetic predisposition to AOM has also been verified (Casselbrant 1999,

Kvearner).

3. Complications

The complications to AOM are often divided into two categories; extracranial and
intracranial. The extracranial complications are labyrintitis, mastoiditis, and facial palsy.
Labyrintitis is an infection spread from the middle ear cavity to the inner ear, with severe
dizziness and perhaps hearing loss as a result. Mastoiditis is the spread from the middle ear to
the mastoid cavity with an infection into the mastoid bone. Facial palsy depends on the facial
nerve being affected by the purulent effusion under pressure in the middle ear. All these
extracranial complications might, if left untreated, give rise to intracranial, life threatening

complications such as meningitis, sinus thrombosis, and intracranial abscesses.

All suspected complications are treated with high-dose intravenous antibiotics and surgical

intervention.

During the pre-antibiotic era, severe complications of AOM were relatively frequent
(Lahikainen, Rudberg), and surgical interventions a common procedure. Such complications
are still a reality, but are no longer as frequent. Surgical treatment is still an option when
complications threaten, but only after antibiotic treatment. In the 1950s, the S. pyogenes were

the major cause of AOM (Lahikainen 1953, Lundgren 1949). Lahikainen showed that patients



with AOM caused by S. pyogenes sought medical advice earlier than those with AOM caused
by H. influenzae. Untreated patients had AOM symptoms for 12 days, while patients with H.
influenza AOM had symptoms for only 6 days (Lahikainen). The S. pyogenes infections had a
mean discharge time of 12.4 days without any penicillin and 3.8 days with treatment
(Lahikainen).

Meningitis and mastoiditis still occur as complications to AOM today (<4/100000) (van
Zuijlen). The most common pathogen in such cases is S. pneumoniae with a normal
susceptibility to penicillin (Luntz, Spratley, Leskinen). Although S. pyogenes are currently
only responsible for 5% of all AOM in children, they are still the second most common
bacteria found in mastoiditis (Block). Recently, reports have been published regarding
increasing rates of mastoiditis (Leskinen, Gehanno, van Zuijlen) as a possible consequence of

restricted antibiotic use during AOM.

4.Microbiology

4.1.Viruses

There are several groups of viruses considered as pathogens in AOM, including respiratory
syncytial virus (RSV), influenza A and B, and adenovirus (Heikkinen 2000). Viral infections
are often seen before bacterial AOM, and PCR studies have shown a high frequency of viral
infections in conjunction with AOM (Pitkaranta). Giebink has shown that there is a
synergistic effect between virus and bacteria in experimental AOM; 67% of chinchillas
inoculated with S pneumoniae and influenza A developed AOM, compared to only 4% of the
animals inoculated only with virus and 21% of the animals inoculated only with bacteria
(Giebink).

4.2. Bacteria

The major causes of AOM are upper respiratory tract (URT) bacteria such as Streptococcus
pneumoniae (S. pneumoniae), Streptococcus pyogenes (S. pyogenes), Haemophilus influenzae
(H. influenzae), nontypeable Haemophilus influenzae (NTHi), and Moraxella catarrhalis (M.
catarrhalis) (Jacobs). Gram-positive S. pyogenes and S. pneumoniae are more virulent

bacteria than the Gram-negative NTHi and M. catarrhalis. It has been shown that around 30%



of healthy children below the age of 3 years harbour bacteria in the nasopharyngeal space.
The number of positive nasopharyngeal cultures increases during AOM to more than 60%
(Faden 1990).

Nasopharyngeal cultures in AOM are not always positive for otitis pathogens; 25-30% show
no growth or only skin pathogens such as Staphylococcus epidermidis (Del Beccaro). In our
bacterial study, 14% of cultures were sterile (Foglé-Hansson 2003). A high percentage of
“sterile” cultures may, however, be the result of the time spent in transit to the laboratory, or

the presence of other bacteria not cultured for.

Biofilm formation, where the bacteria accumulate but are protected against antibiotic
treatment and will not yield a positive result when cultured, have been shown as a mechanism
in H. influenzae (Post 04). This phenomenon might explain some of the negative cultures in

treatment-resistant cases.

4.2.1 S. pneumoniae

The major bacterial pathogen during episodes of AOM, with a reported frequency of around
50% of the total amount of bacteria, is S. pneumoniae, an encapsulated Gram-positive
diplococcus with approximately 90 serotypes. In Scandinavia, the most common types found
in AOM are serotypes 3, 6, 9, 14, 18, 19, and 23 (Orange & Grey). S. pneumoniae is not only
the pathogen most frequently associated with complications in AOM, but also that most
frequently associated with the most severe and life-threatening complications, such as
mastoiditis and meningitis (Spratley, Luntz, Leskinen). Fifty-eight percent of complications in
AOM are caused by S. pneumoniae (Niv).

The recovery rate from pneumococcal AOM without therapy is approximately 20% (Klein,

Howie, Rosenfeld).

4.2.2. S. pyogenes (group A streptococcus)

This bacterium is a highly virulent Gram-positive coccus that is often a cause of tonsillitis,
AOM, and other infections, and is also feared as an invasive bacterium. Niv reports that 23%
of AOM complications such as acute mastoiditis are caused by S. pyogenes (Niv 04), although
only 5% of all AOM episodes are caused by this pathogen (Block, Segal). The recovery rate
of untreated AOM caused by S. pyogenes is lower than in the S. pneumoniae (Rudberg).



4.2.3. H. influenzae

The H. influenzae can be divided into two categories; either encapsulated (types a — f) or
nontypeable. Nontypeable Haemophilus influenzae (NTHi) is a small Gram-negative cocco-
bacillus. Of the 40% of all AOM episodes induced by an H. influenzae, 95% are caused by
NTHi. Infections with NTHi are often seen in young children with rAOM (Kilpi), but are also
found in older children. The bacteria are often found in nasopharyngeal cultures from healthy
children (Faden). Among the capsulated H. influenzae, type b is the most virulent; however, it
is uncommon today, as most children are vaccinated against Hib in order to avoid invasive
diseases such as meningitis, pneumonia, and epiglottitis. Acute mastoiditis in AOM is caused
by NTHi in 12% of cases (Niv). The recovery rate from untreated AOM caused by H.
influenzae is around 50% (Klein 1993, Howie). There has been speculation over a heightened
risk for development of SOM after NTHi AOM as well as a greater risk for rAOM (Kilpi). In
experimental studies, extensive changes in the middle ear mucosa with goblet cell depletion

have been seen in conjunction with NTHi AOM (Westman 2002).

4.2.4. M. catarrhalis

This bacterium, previously known as Branhamella catarrhalis, was recognized as an otitis
media pathogen in the 1980s (Kovatch). This Gram-negative bacterium lacks a capsule and
has a low virulence. M. catarrhalis has been shown experimentally to cause fewer
inflammatory reactions in the infected middle ear than the H. influenzae (Westman 1999).
Today, it is present in approximately 25% of AOM episodes. It is also common in the
nasopharyngeal space of healthy children (Faden 1991, Verduin). It has been suggested that
the presence of M. catarrhalis may hinder the emergence of reduced susceptibility to
penicillins in S. pneumoniae in children with rAOM (Joki-Erkkédla 2002). There is a
spontaneous recovery from M. catarrhalis AOM in 80% of cases without any antibiotic

treatment. Complications in infections caused by this bacterium are limited.

4.3 Antibiotic resistance to p-lactams

B-lactamases are enzymes produced by several bacteria. They hydrolyze the B-lactam ring in
the penicillins, thus making the bacteria resistant to penicillin (Manninen). Another type of
resistance pattern is the chromosomally-induced alteration of the penicillin-binding proteins

(PBP) in the bacterial wall which makes the bacteria resistant to B-lactam antibiotics



(Clairoux). In Sweden today, 12% of all H. influenzae and almost all M. catarrhalis are -

lactamase producing (STRAMA 2005).

In the 1960s, the first reports appeared of a decreased susceptibility to penicillin in the S.
pneumoniae (Hansman). The pneumococci had earlier been fully susceptible to p-lactam

antibiotics, which interact with the PBP in the bacterial cell wall.

By the early 1990s, these problems had manifested in several countries. Reports from Iceland
were showing an alarming rise in the isolation frequency of pneumococci with a decreased
susceptibility to penicillin among the S. pneumoniae (Arason). The same tendency was noted
in Sweden, where the isolation frequency peaked at 10% in 1996. Several measures have been
undertaken to address this problem both in Iceland and in Sweden, and today the level is 5%
in southern Sweden and around 3% in the rest of Sweden (STRAMA 2005). However, the
isolation frequencies are dependent on the number of isolations studied.

Many countries in Europe and many states in the USA report high levels of decreased
susceptibility to penicillin (around 50%), but the northern part of Europe shows declining

figures (STRAMA 2005).

5. Treatment of AOM
5.1 Antibiotics

The first antibiotics that were used to treat AOM were members of the sulpha group. While
they are still in use to some extent, they have fallen out of favour due to severe adverse drug
reactions and their tendency to promote resistance problems. However, adverse reactions are

very seldom seen in children, and so in some cases these substances are still used in children.

In Sweden, trimethoprim-sulphamethoxazole is recommended as an alternative when there is

a therapy failure in patients with penicillin allergy treated with macrolides.

In 1949, Lundgren reported on penicillin treatment of AOM (Lundgren). Reports on antibiotic
use in AOM also came from the United States where several reports were published during
the following years (Rutherford, Fry, Medical Research Council). Most countries have a
tradition of antibiotic treatment of AOM, but in some countries, such as Holland, the use of

antibiotics is and has been quite strict (van Buchem).

10



The penicillins (penicillin V for oral administration and penicillin G for intravenous
administration) rapidly became a favourable and effective treatment, easy to administer and

access (Lundgren, Rudberg). Oral administration was possible by the beginning of the 1950s.

Penicillin V and G both belong to the f-lactam group. They are bactericidal, have a low cost,
and are non-toxic. They have a narrow spectrum, being effective against Gram-positive upper
respiratory tract bacteria. PcV is rather poorly absorbed from the gastrointestinal tract and has
a very poor effect on Gram-negative bacteria. Depending on context, this narrow spectrum
can be either an advantage or a disadvantage. The low cost of the penicillins is their other
main advantage; however, they also have the disadvantage that their oral forms are
unpleasant-tasting. In 1971, a Swedish study showed that PcV in a dosage of 50 mg/day/kg
bodyweight administered twice a day was fully capable of eradicating 90% of the pathogens
causing AOM (Kamme 1971) at that time. During the 1960s and 1970s, penicillin was
administered three times a day, but findings in the 1980s (Rundcrantz) revealed that twice-
daily administration resulted in better patient compliance while still being as effective as the
earlier regimen of three times a day. Today, however, after 20 years of this administration
policy, there are again discussions of whether thrice-daily administration would be a better
choice, since its longer time over MIC could help combat the decreased susceptibility in the

upper respiratory pathogens.

PcV is still the first-line antibiotic for bacterial URTI in Sweden (Consensus 2000). In 2004,
Ander reported that out of 400 prescriptions for AOM, 70% were for PcV (Ander).

Development of semisynthetic penicillins such as ampicillin and amoxicillin was achieved by
the end of the 1950s, and these drugs replaced penicillin G and V in most countries, becoming
the first-line antibiotics in the USA for treating AOM. They are better absorbed from the
gastrointestinal tract than the penicillins, and also have a broader spectrum. They are active
against both S. pneumoniae and H. influenzae. They give higher antibiotic concentration in
the middle ear effusion than PcV, and in high doses may even eradicate S. pneumoniae with a
decreased susceptibility to B-lactam antibiotics (Lister, Canafax). The oral mixture tastes
much better than PcV, and is thus easier to get children to accept. A further step was the
binding of clavulanic acid to amoxicillin to neutralize the PB-lactams produced by the H.

influenzae and M. catarrhalis.

11



The macrolides were introduced during the 1970s, and became very popular in the treatment
of AOM, sometimes together with the sulfisoxazoles. Although macrolides have a limited
effect against the H. influenzae, they are recommended in cases of penicillin allergy in
Sweden and in many other countries. The macrolides have a good effect on M. catarrhalis-
induced infections; however, concentrations of macrolides are very low in the middle ear

effusion.

The cephalosporins are semisynthetic broad-spectrum antibiotics which were introduced
during the 1970s and rapidly became popular. Intravenously administered cephalosporins are
the drug of choice to address complications of AOM because they are effective against all the
common AOM pathogens. Peroral cephalosporins have a poor pharmacokinetic profile and

cannot be compared to intravenous cephalosporins.

During recent decades, problems have risen with antibiotic resistance in several bacteria
(Arason, Bronswear, Cars). Discussions have been initiated globally concerning the wide use

of antibiotics (Rosenfelt, Gonzales).

The advantage of antibiotic treatment is the elimination of the bacteria which caused the
infection. However, studies of AOM treatment have shown that 17 patients need to be treated

in order to mitigate earache in just one of them (Del Mar).

The spontaneous healing of episodes of AOM is less common in infants than in older

children, because of their inability to produce antibodies (Damoiseaux).

The disadvantage of antibiotic treatment is the resistance problem, which now exists all over

the world (Arason, Bronswear, Cars).

In Holland, primary AOM treatment recommendations include analgesia and perhaps nose
drops, and in patients under 2 years a second visit after 24 hours. If the AOM deteriorates,
antibiotics in the form of ampicillin are recommended. Amoxicillin is also the recommended
treatment in Finland, while in Norway the recommendation is for no antibiotics during the
first two days, and PcV if the condition persists (Puhakka, Norwegian, Dutch guidelines). In
Sweden, PcV treatment is recommended in children younger than 2 years and in adults;

children aged between 2 and 16 years can be left without antibiotics in uncomplicated AOM if
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their condition justifies it and they are otherwise healthy, that is, with a normal temperature
and no pain. In the USA, amoxicillin is recommended, but again the patient might be left

without antibiotics in benign cases (Lieberthal).

5.2 Surgical treatment of AOM

At the threat of complications, antibiotics are used together with a tympanocentesis (Karma
1987). This procedure clears the purulent discharge from the middle ear, thus reducing further
damage to the inner ear. It also enables bacterial culture of the aspirate, which is the only way
to conclusively prove the existence of a middle ear infection and select the right antibiotic
treatment. A tympanostomy often only stays open for a day or two, and sometimes there is a
need for repetitive tympanostomies. There are reports of placing tympanostomy tubes through
the TM during acute infection; the tubes then function as drainage to keep the middle ear
clean from infectious material (Spratley). This is not, however, the general treatment in

Sweden today.

If acute mastoiditis deteriorates, surgery, performed as a mastoidectomy, is mandatory

(Nadol).

6. Prevention

RAOM in a child places a psychological, economic, and medical burden on both the whole
family and society in general. Several ways of attacking the problem have been tried during

the last 50 years.

Virus isolation from the middle ear effusion in AOM is verified in approximately 20-40% of
AOM cases (Heikkinen 2003, Canafax). Recent PCR studies have shown that the viral
engagement together with bacteria during AOM is much higher than virological culturing
(Pitkaranta, Heikkinen 2003); vaccination against viruses may therefore be able to prevent
AOM (Heikkinen 2003).

In the 1960s, adenoidectomy was often used as a prevention against AOM. The indication for

this procedure was altered in the 1980s to become more of a prevention against snoring and
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impaired nasal breathing in young children. Today the pendulum has swung back the other
way, and adenoidectomy is again being discussed as prevention against rTAOM. In 2004,
Koivunen reported on the lack of influence of adenoidectomy in children with rAOM below
the age of 2 years (Koivunen). The nasopharyngeal space is again considered as a reservoir
for bacteria, activated during respiratory illness. Most children below the age of 3 harbour
bacteria even when in full health (Faden 1991), but when they become infected, the number of

pathogens increases (Faden 1990).

Tympanostomy tubes, with or without adenoidectomy (Casselbrant 1992), have been used for
decades in treatment of rAOM (Gonzalez, Gebhart, Bluestone). The effect of tubes has been
reported to be an approximately 50% reduction of new episodes of AOM (Gonzales,
Gebhart). Long-term side effects such as tympanosclerosis without any hearing disabilities
have been reported in 59% of cases (Tos), and open perforations in 4% of cases after a 21-

month follow-up (Casselbrant 1992). Most tube treatments are not for rAOM but for SOM.

Antimicrobial prophylaxis was started in the late 1950s by Ensign, who studied
sulphamethoxypyridazine as a long-term prophylactic among a group of Indian children with
draining ears (Ensign). Today we know that long-term treatment is effective against rAOM
(Persico, Gaskins, Casselbrant 1992), but the impact on bacterial resistance, like the negative

side effects of the medication, is a negative factor.

Regarding vaccination, today we have pneumococcal vaccines of 23 serotypes, non-
conjugated and conjugated 7-valent vaccine Prevenar™ The 23-valent vaccine
(Pneumovax®), containing plain capsular polysaccharides of S. preumoniae, is not
immunogenic in small children. A protein conjugate vaccine against S. pneumoniae has been
introduced (Prevenar®) and is widely used today as a protection against invasive
pneumococcal disease such as meningitis and pneumonia. Large studies have shown that it
only reduced the total number of all AOM by 6% (Eskola, Black). There was, however, a
reduction of 34% in the episodes caused by pneumococcus and 57% in the episodes caused by
the strains induced in the vaccine (Eskola). New protein-conjugated pneumococcus vaccines
are under development, and there are reports of a 1l1-valent vaccine, conjugated to a

recombinant non-lipidated form of protein D, which has been tested and shows interesting
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results (Prymula) as well as 9- and 11-valent pneumococcal vaccines and vaccines against
RSV and para-influenzae virus (Straetemans, Heikkinen 2003). The possibility of reducing
the number of URTI and thereby the number of AOM by vaccination against the most
common viruses (influenza A) inducing URTI has been studied by several groups (Heikkinen,
1991, Hoberman 2003); Heikkinen has reported a 30% reduction of episodes of AOM
(Heikkinen 1991).

Breast-feeding has been shown in several reports to be a good prophylactic agent against
rAOM (Duncan). The effect is probably a transmission of immunoglobulins from the mother,

and it persists as long as breast-feeding is continued.

Humoral intervention includes gammaglobulins in infusion and injection. These have been
tried by Kalm, Jorgensen, and Shurin without any effect (Kalm, Jérgensen, Shurin). Giebink
reported on a human bacterial polysaccharide immune globulin effective in preventing AOM

in chinchillas (Giebink) but there have been no successful results reported in humans.

Chewing-gum with xylitol has been proven to decrease the number of episodes of AOM
(Uhari), but its disadvantage is that it must be chewed 5-6 times a day, which is a problem for

most patients.

AIMS

The aim of this thesis was to explore possibilities to limit the use of antibiotics in treatment

and prevention of AOM without risking complications.
The specific aims were:

. to investigate whether PcV treatment during URTI is an effective strategy against
rAOM;

. to examine the effect of frequent PcV courses on the bacterial flora of the nasopharynx
in small children; and

. to investigate whether a clinical diagnose of causative agent in AOM might be possible.

15



MATERIAL AND METHODS
1.1 Study populations

Paper 1
Paper I included 76 children (25 girls and 51 boys) below the age of 18 months, all of whom

had experienced at least three episodes of AOM prior to inclusion (see Table 1).

Table 1. Patients’ characteristics; study I.

Patients PcV Placebo

Number 35 41

Males 25 (71%) 26 (63%)

Median age at inclusion in months (range) 12.2 (5-18) 11.6 (5-18)

Median age at first AOM in months (range) 5.2 (1-11) 6.2 (1-12)

Mean no. Of AOM before inclusion (range) 5.4 (3-15) 4.8 (3-12)
Paper 11

Paper II included 70 children (29 girls and 41 boys), all of whom had had their first episode of
AOM before the age of 6 months (see Table 2).

Table 2. Patients’ characteristics; study II.

Patients PcV Placebo
Number 30 40
Males 19 (63%) 20 (50%)
Median age at inclusion in months (range) 5.0 (2-8) 5.0 (2-8)
Median age at first AOM in months (range) 4.5 (1-6) 4.0 (1-6)
No. of AOM before inclusion 0 0

Paper 111

In paper III, the nasopharyngeal cultures obtained in study II were investigated further. A total

of 703 cultures were studied regarding decreased susceptibility to penicillin in the S.
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pneumoniae, B-lactamase production in the H. influenzae, and the presence of H. influenzae

and M. catarrhalis in the nasopharyngeal space.

Paper IV

Thirty-six male Sprague-Dawley rats, each weighing approximately 250-300 grams, were
challenged with S. pneumoniae, NTHi, M. catarrhalis, and S. pyogenes. Twenty-four were
examined daily using otomicroscopy and photography, and the remaining twelve were used as

controls and for IL-6 detection.

Paper V

Paper V included 82 patients, both children and adults, who had presented at the ENT clinic
in Skovde with an AOM in need of acute treatment due to severe symptoms such as a high
temperature or severe pain, or the failure of previous antibiotic treatment. The sample
comprised 44 males and 38 females, 72 of whom were below the age of 7, eight of whom
were aged 7-16, and two of whom were adults. The median age of the whole group was 29

months (6-539).

1.2 Study design

Paper I

The children were placed at random in one of two groups: a prophylactic medication group of
PcV in the otitis dose of 50 mg/kg bodyweight b.i.d., and a placebo group. When symptoms
of URTTI occurred (high temperature, running nose, cough), the child was given the study
medication at home. The children were examined at the ENT clinic three days after initiation
of the study medication, or earlier if signs of deterioration were noted. If an AOM was found
at the examination, the parents were given a prescription of PcV, while if the ears showed a
normal tympanic membrane or signs of SOM, the study medication was continued for a total
of ten days. Every month the children were examined by an ENT specialist. At all visits,
samples for bacterial cultures from the nasopharyngeal space were collected. The total

observation time for each patient was 4.5 months.
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Paper 11

The children were randomized into two groups at the beginning of the study. When URTI
developed, the children in the treatment group were given PcV, while children in the control
group were given placebo. After three days, or earlier if signs of acute illness appeared, they
were examined by one of the authors. If an AOM had developed then PcV was prescribed,
while if the child did not show any signs of AOM then the 5-day course of study medication

was continued.

Every other month a control visit was performed at the clinic.

Additionally, if patients developed acute symptoms, they could visit the clinic and be treated
according to the findings.

At every visit, a nasopharyngeal sample was taken for bacterial culturing. The total

observation time for each patient was 11 months.

Paper 111

The children in the second paper made 860 visits to the clinics in Lund and Skévde and

provided a total of 703 cultures.

Several aspects of these cultures were studied, the most important being decreased

susceptibility to penicillin in the S. pneumoniae during repeated PcV treatment.

H. influenzae were investigated regarding p-lactamase production and chromosomal

resistance, and the frequency of isolation of H. influenzae and M. catarrhalis from the

nasopharynx was also studied.

The results of the cultures were divided by treatment group (PcV or placebo) and by the three

different types of visits;

1. “prophylactic visits”, where the child had been given the test medication and controlled,;

2. “acute visits”, with no previous treatment at home, generally because the parents were
convinced that their child was suffering from a new AOM and wanted a prompt
examination;

3. “control visits”, in which the child came for examination in a normal state of health.

Paper IV

A total of 36 male Sprague-Dawley rats were inoculated with bacteria, either S. preumoniae,
S. pyogenes, NTHi, or M. catarrhalis. Six animals in each group were anesthetized, inspected,

and documented by photography daily for five consecutive days. Their TMs were inspected
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using otomicroscopy and a test protocol was made of the findings. A photo was also taken of
every case. Three animals in each group were investigated solely regarding IL-6 levels in
sera, which were taken daily through a tail vein. On the fourth day the TMs were inspected,

and the animals were sacrificed and samples for culturing taken from their middle ears.

Paper V

The patients were treated according to clinical practice for an acute severe episode of AOM,
with an acute tympanocentesis, bacterial culturing from the middle ear and/or the
nasopharyngeal space, and later antibiotic treatment. The patients were examined by
otomicroscopy and the TMs were photographed at the outpatient clinic. Rectal temperature

was also measured.

The investigator made a preliminary prediction of the causative agent of the present AOM. A
tympanocentesis was then performed under either local or general anaesthesia and a specimen
was retrieved from the middle ear effusion for culturing. A sample was also taken from the
nasopharyngeal space and the TM was photographed. The findings from the examination as
well as the prediction of a specific bacterium were documented in the operating room papers,
the referral paper to the microbiological laboratory, and a special examination document. A

control visit was made three months later.

1.3 Bacterial culturing and susceptibility testing

Culturing was performed under standard conditions at the microbiological laboratory at the
University Hospital in Lund and the Capio Diagnostik in Skdvde. The nasopharyngeal and
middle ear aspirates were placed in a transport medium and taken to the laboratory. The
sample was placed in broth and shaken for 30 seconds. With a sterile bent glass rod, 0.1 ml of
the broth was inoculated on blood agar and hematin agar plates overnight. The blood agar
plate was incubated anaerobically in 37° C and the hematin agar plate in 6% CO; overnight.
The isolates were identified and tested for susceptibility to antibiotics according to the
laboratory routine and the recommendation of SRGA. Penicillin resistance was tested in the S.
pneumoniae by the disk diffusion test using 1-pg oxacillin disks. S. preumoniae with an MIC
value of >0.125 mg/l were classified as having a reduced susceptibility to penicillin and those
with an MIC >2.0 mg/l as being resistant. Detection of chromosomal penicillin resistance in

H. influenzae was performed with a disc diffusion test, with B-lactamase-stable cephalosporin
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(loracabef) as an indicator. Nitrocefin was used to detect B-lactamase in both H. influenzae

and M. catarrhalis.

1.4 Prophylactic antibiotic drugs

In the studies with prophylactic antibiotics in papers I and II, PcV (Kévepenin®, Astra 50
mg/ml) was used in 50 mg/kg bodyweight/day administered twice daily.

2.1 Animals and surgical procedure

Inoculation was performed during general anaesthesia with either intravenous methohexital or
intraperitoneal chloralhydrate. The bulla of the right ear of the rat was exposed through a
submental, midline incision and blunt dissection through the tissue. The inoculum (0.05 ml of
either S. pyogenes, S. pneumoniae, NTHi, or M. catarrhalis) was injected through the bulla
wall with a fine needle. Proper deposition of the inoculum was verified using otomicroscopy.

All experiments were approved by the Animal Ethics Committee at Lund University.

2.2 Otomicroscopy

During all studies, both experimental and human, inspection of the tympanic membranes was
made by otomicroscopy. The findings were recorded both in experimental protocols and by

photography in papers IV and V.

2.3 Photo documentation

Photo documentation was performed using a Ricoh camera and a special TTS-lens (through
the lens) connected to an endoscope. The camera being analogue, slides were produced of the
film. The endoscope was a Hopkins endoscope; 3 mm wide, 60 mm long, and 0°. A special

flash was used, a Storz flash generator 600 BA.

2.4 Inocula

The inocula used in the animal study (paper IV) were S. pneumoniae strain L1 (type 3), NTHi
strain 3655 (nontypeable, biotype II), M. catarrhalis strain 483, and S. pyogenes strain 5955.

The concentrations used were 10° cfu/ml for the streptococcal strains, 107 cfu/ml for the NTHi
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(Melhus 1994), and 10® cfu/ml for the M. catarrhalis (Westman 1999), and were chosen after

dose-finding experiments.

2.5 ELISA

Serum levels of IL-6 were measured using a commercial enzyme-linked immunosorbent assay
(ELISA) kit (Endogen, Inc., Woburn, MA, USA, detection limit: 16 pg/ml). The assay was

performed according to the manufacturer’s instructions.

2.6 Statistical methods

Student’s t-test was used to determine the significance of group differences in mean values for
quantitative variables (e.g. age and number of AOM episodes). The Chi-squared test was used
to evaluate group differences in the distribution of qualitative characteristics (e.g. the
proportion of infections progressing to AOM episodes). The Wilcoxon rank-sum test was
used to determine differences between groups. Cohen’s kappa-test was used to validate the
difference between the groups in the prediction situation. This method shows the agreement
between the test and the outcome measured against the agreement that can be expected on the

basis of chance.
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RESULTS

Paper I. Can a short-term prophylactic course of PcV during URTI reduce the
incidence of AOM in rAOM children?

There were 72 episodes of URTI in the penicillin V group, and 78 in the placebo group. Of
these, 17 episodes in the penicillin group and 39 in the placebo group developed into AOM.
This is a significant difference (p< 0.001). The children treated prophylactically with PcV
showed a significantly lower isolation frequency of S. pneumoniae in their nasopharyngeal
cultures, compared to those who were given placebo (p<0.001), while there was no difference
in growth of H. influenzae and M. catarrhalis. Among the children seeking acute medical

advice without initiating self-medication, there were 98 visits with 67 episodes of AOM.

Table 3. Results; paper 1.

Patients PcV n=35 Placebo n=41
Follow-up months/child (range) 4.8 (2-6) 4.5 (2-6)
Mean no. of URTI during prophylaxis (child) 72 (2.0) 78 (1.9)
Mean no. of AOM during prophylaxis (child) 17 (0.5) 39 (1.0)

Conclusion: PcV prophylaxis during URTI reduced the total number of registered AOM in

these children.

A true episode of AOM was found in 68% of visits (67 out of 98) by children seeking medical

advice due to the parents’ being convinced that the child was suffering from an AOM.

2. Paper Il. Can the same prophylactic treatment policy in younger rAOM infants

reduce the number of AOM episodes?

Of the 90 children included, 70 completed the study; 30 in the penicillin V group and 40 in
the placebo group. Twenty children left the study due to medical complications such as
diarrhoea and asthma, and three did not like the medicine. There were no differences between
the two groups regarding age at inclusion, age at first episode of AOM, study period, or

number of infections (see Table 4).
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The results in the two groups did not differ statistically. There were 254 visits without
previous “home medication”, since the parents were convinced that the child was suffering
from severe AOM. These visits mainly occurred in Lund. In 61% (n=154) of these visits the

children proved to have a true episode of AOM.

Table 4. Results; paper II.

Patients PcV n=30 Placebo n=40
Follow-up months/child (range) 11.2 (6-13) 11.2 (6-13)
Mean no. of URTI during prophylaxis (child) 134 (4.4) 179 (4.4)
Mean no. of AOM during prophylaxis (child) 42 (1.4) 58 (1.5)

Conclusion: PcV prophylaxis during URTI in this study did not reduce the total number of
registered AOM.

A true episode of AOM was found in 61% of children seeking medical advice due to the

parents’ being convinced that the child was suffering from an AOM.

3. Paper lll. Did multiple courses of PcV have an effect on the bacteria in the

nasopharyngeal space of the infants included in study 11?

The 70 children followed in Lund and Skovde in study II yielded a total of 703
nasopharyngeal cultures. The cultures were classified into three groups according to when
they were taken; during prophylactic treatment, during acute illness, or during control visits.
The results show a significant decrease in the presence of S. pneumoniae in the
nasopharyngeal space after treatment with PcV compared to placebo (p<0.001). There was no
change over the study period in the frequency of pneumococci with a decreased susceptibility
to penicillin. There was no increase in the incidence of either pB-lactamase production or
chromosomally altered PBP in the H. influenzae, even though these patients were given up to
seven courses of PcV during the study, in contrast to the one course which would be given to

the average child in Sweden of the same age over the same time.

In the PcV group, 72 of the 282 cultures (30%) were positive for H. influenzae; the
corresponding figure in the placebo group was 123 out of 421 (29%). Regarding M.
catarrhalis, 156 of 282 cultures (55%) were positive in the PcV group, and 233 of 421 (55%)

in the placebo group; this was not a significant difference.
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Table 5. Total number of S. pneumoniae positive cultures by treatment group and type of visit

Type of visit PcV Placebo p Total
(n=30) (n=40)

“Prophylactic” 41 104 0.001 145

“Control” 48 78 n.s. 126

“Acute” 29 45 n.s. 74

Total 118 227 345

Conclusion: Multiple courses of PcV neither induced more strains of S. pneumoniae with a
decreased susceptibility to penicillin nor increased the amount of B-lactamase producing H.
influenzae. The number of H. influenzae and M.catarrhalis positive cultures were unchanged

in the nasopharynx..

4 Paper IV. Was it possible to determine the bacterial agent of an AOM in an

experimental setting with the use of an otomicroscope?

All the rats inoculated with bacteria developed AOM, defined as an opaque or purulent-
looking effusion in the middle ear. The rats inoculated with the Gram-positive bacteria S.
pyogenes and S. pneumoniae developed an AOM with a purulent-looking effusion in the
middle ear, thick membranes, dilated vessels, and some perforations. The Gram-negative
bacteria, NTHi and M. catarrhalis, induced an milder-looking AOM. The tympanic
membranes in the Gram-negative group were thinner and sometimes retracted, the middle ear
showed a more opaque effusion, and there were no perforations. The findings during the study
were noted and documented by photography. After the study, randomly sorted slides with
different bacteria were validated (AH, PW). The investigators were able to differentiate
Gram-positive from Gram-negative bacteria in an experimental acute otitis media both with

the otomicroscope and with the slides.

The values of interleukin-6 showed an answer for the S. pneumoniae on day 1-3, but not for
the S. pyogenes, and no values for the Gram-negative bacteria on days 2 and 3, except H.
influenzae on day 2, indicating that this cytokine is of limited value in differentiating various

bacteria from each other in the rat model.
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At the end of the study, cultures were taken from all the middle ears. All cultures from the S.
pneumoniae, S. pyogenes, and NTHi groups were positive. The M. catarrhalis group only

showed one positive culture out of six.

Conclusion: There seems to be a possibility of separating the Gram-positive from the Gram-
negative bacteria in an experimental AOM purely by examination of the TM in an

otomicroscope.

These results indicate further study to see if the findings are also valid in humans.

5 Paper V. Was it possible to predict the different types of AOM-inducing pathogens

in the middle cavity in a human material?

Of the 82 patients included in this study, it was possible to validate the causative bacteria in
63. Among the excluded patients, nine showed no growth in their cultures from the
nasopharyngeal and middle ear space, and the remaining ten had cultures showing both S.
pneumoniae and H. influenzae/M. catarrhalis. Of the remaining 63 patients, accurate
predictions were made for 47, with a k-value of 0.47 (p=0.001). If we calculate the results and
include the patients with both S. pneumoniae and H. influenzae in their nasopharyngeal space
and predict that the result would be a pneumococcus-like picture on the TM the k-value then
rises to 0.56 (p=0.001).

More than 50% of the middle ear cultures showing S. pneumoniae came from patients with
temperature over 38.5°; this was also the case in 18% of the H. influenzae and M. catarrhalis-

induced episodes of AOM (p=0.01).

Table 6. Prediction of causative agents and findings in cultures from middle ear effusion.

n=63 Cultures n
Prediction S. pneumoniae  H. influenzae/M. catarrhalis

S. pneumoniae 18 6 24
H. influenzae/M. catarrhalis 10 29 39
Total 28 35 63

Conclusion: In this study it seemed possible to differentiate Gram-positive from Gram-
negative bacteria in humans suffering from AOM by examining the TM with an

otomicroscope and testing the mobility of the TM.
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DISCUSSION

Is PcV treatment during URTI an effective strategy against rAOM?

In our first study (paper I) there was a statistical effect of intermittent prophylactic PcV
treatment during URTI in preventing new episodes of AOM. No other studies of intermittent
prophylaxis have been performed, but similar results were reported by Persico, Casselbrant,
and Gaskins regarding long-term antibiotic prophylaxis. In the following study (paper II) we
were not able to repeat these findings; no protective effect was noted. There were two major
differences between the studies; the age of the children included and the inclusion criteria. In
the first study, the mean age at inclusion was 12 months and the observation time was 4.5
months, while in the second study the children were much younger — the mean age at
inclusion was only 5 months — and the observation time was 11 months. The children
included in the first study were found to experience only a few episodes of AOM; 35 out of
76 (46%) only experienced at most one episode of AOM, which would not make them “otitis-
prone”. In contrast, in the second study, only 14% had an incidence of AOM this low. It is
possible, therefore, that we did not manage to include “otitis-prone” children in study I but
managed to do so in study II. The children in study I were also older and on the verge of

leaving the worst period of recurrent AOM episodes.

It should also be noted that in the first study, the children were included on the grounds of a
medical history obtained from a parent of at least three episodes of AOM before the age of 18
months, while in the second study, children were included only if they had experienced an

episode of AOM as verified by an ENT surgeon before the age of 6 months.

Discrepancies have been found between diagnoses of AOM made by ENT surgeons and by
general practitioners (Blomgren 2003). In a sample of 50 children, general practitioners
diagnosed 20% more instances of AOM. Clinical signs alone are a poor determinant for
AOM; this was apparent in our studies, where only 61% of children seeking acute advice
because the parent were convinced that the child was suffering from a new episode of AOM
were actually diagnosed with AOM when examined by an ENT surgeon. These findings are
similar to the results of Ingvarsson, who reported an AOM frequency of 46% in children
seeking advice because of otalgia (Ingvarsson) and 59% tympanocentesis positive AOM in
Finnish children seeking acute advice due to ear pain (Karma 1989). An interesting
observation was the greater number of acute visits to the ENT clinic in Lund than in Skévde

during the second study (185/254, 73%). A possible explanation for this is that it is easy to
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access the ENT clinic in Lund at all times, while in Skovde the clinic’s opening hours more

closely resemble office hours.

Of the 70 children in the second study, 24 had two or three episodes of AOM, 21 had more
than four, and 15 had more than seven. With short-term prophylaxis, very otitis-prone

children might get another infection as soon as the treatment period is over.

The results in study II are probably more representative of a group of rAOM infants than
those in the first study.

Do frequent PcV courses affect the bacterial flora of the nasopharynx in small

children?

In this study, repeated treatment with PcV neither affected susceptibility to penicillin in the S.
pneumoniae nor induced more B-lactamase production in the H. influenzae. These results
differ from those of several studies where promotion of a decreased susceptibility to penicillin
in the S. pneumoniae has been observed when using broader p-lactam antibiotics (Cohen,
Arason, Melander, Ghaffar, Dabernat). In Iceland, the promotion of pneumococci with a
reduced susceptibility to penicillin seemed to depend on high antibiotic use, particularly of p-
lactam antibiotics and trimethoprim-sulpha (Arason). In 1988, Eliasson reported increasing
amounts of f-lactamase producing bacteria among children treated with PcV, ampicillin, and
cefaclor, in contrast to our findings regarding PcV treatment. Molstad also reported in 1999
on a decreased use of broad-spectrum antibiotics and the reduction of pneumococci with a

decreased susceptibility to PcV.

Can a better diagnostic procedure optimize the treatment of antibiotics in an episode
of AOM?

Earlier studies in animals have shown that there are different otomicroscopical findings
dependent on bacteriological species (Hermansson, Melhus 1994, Westman 1999, Cayé-
Thomasen). We were able to differentiate the Gram-positive (S. pneumoniae and S. pyogenes)
from the Gram-negative (NTHi and M. catarrhalis) episodes of AOM both in humans and in

an experimental setting in rats.
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Our results mirror the findings of Palmu, who reported on a way of selecting the S.
pneumoniae in an AOM by correlating the more severe findings on the TM with a high
temperature of the patient. He also chose to correlate the findings on the TM with eye
symptoms in the H. influenzae infections (Palmu). These findings resemble ours, where 50%
of the patients with S. pneumoniae AOM had a temperature higher than 38.5°, while only 18%
of those with H. influenzae and M. catarrhalis AOM had a temperature this high (p=0.01).
Hotomi used a score system to show that S. pneumoniae infections had the highest symptom

scores (Hotomi).

Several authors have stressed the need for a more effective and correct diagnosis of AOM
when treatment should be more select. It is important to minimize the number of unnecessary
antibiotic treatments (Palmu, Blomgren 2004, Del Mar, Dagan, Bluestone, Rosenfelt) without

increasing the number of complications.

In conclusion, we found that we were able to differentiate the Gram-positive S. pneumoniae
from the Gram-negative NTHi and M. catarrhalis both in animals and in humans by clinical
examination alone (otomicroscopy and testing of the mobility of the TM). These results could
help reduce antibiotic intake, since they offer the possibility of differentiating infections
caused by the more hazardous Gram-positive bacteria from those caused by the more benign
Gram-negative bacteria. In treating only the potentially harmful Gram-positive bacteria we
might be able to achieve a more restricted use of antibiotics without risking further

complications in the patients.
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CONCLUSIONS

Prophylactic short-term PcV had no effect in infants between 2 and 20 months of age in

preventing AOM during attacks of URTL

There was a tendency toward a positive effect of short-term prophylactic PcV in older
children (5-22.5 months).

Frequent PcV courses did not alter the nasopharyngeal flora with respect to either decreased
susceptibility to penicillin in the S. pneumoniae or increased B-lactamase production in the H.
influenzae. The PcV treatment did not change the frequency of carriage of H. influenzae and

M. catarrhalis in the nasopharyngeal space.

In an experimental study in rats, we were able to differentiate Gram-positive from Gram-
negative pathogens using otomicroscopy. IL-6 was of limited diagnostic value in separating

different bacteriological agents during experimental AOM.

In humans, we were able to differentiate the S. pneumoniae from the NTHi and the M.
catarrhalis during episodes of AOM by clinical investigation including otomicroscopy and

testing of the mobility of the TM.

In conclusion, we have found that prophylactic antibiotic treatment in URTI in children does
not prevent episodes of AOM, frequent PcV courses do not induce either decreased
susceptibility to penicillin in the S. pneumoniae or increased p-laktamase production in the H.
influenzae and we have also shown that it is possible to differentiate Gram-positive bacteria
from Gram-negative bacteria during both experimental and human episodes of AOM by

clinical examination of the TM.
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SVENSK SAMMANFATTNING

Akut mellanéreinflammation (akut otitis media, AOM) &r en av barnadlderns vanligaste
sjukdomare och en av dem som oftast foranleder antibiotikabehandling. De flesta barn far
bara nagon enstaka AOM, men cirka 5% av dem som insjuknar drabbas sedan av upprepade
infektioner (s.k. otit-benéigna barn) och blir till ett problem bade for patienten, dennes familj
och samhillet. Den frekventa antibiotikaanvindningen vid dessa tillstdnd har ocksa lett till en
resistensutveckling mot antibiotika hos de bakterier som orsakar AOM. Syftet med denna
avhandling var att undersoka om foérebyggande antibiotikabehandling vid symptom pé ovre
luftvigsinfektion (OLI) hindrade utvecklingen av AOM hos otitbenzigna barn och hur detta
paverkade de aktuella bakterierna ur resistenssynpunkt. Dessutom avsag man, att underséka
om man enbart genom mikroskopisk inspektion av trumhinnan kunna faststilla vilken

bakterie som orsakat den aktuella infektionen.

I studie I inkluderades barn under 18 ménaders alder, som haft minst 3 AOM. Vid tecken till
OLI (snuva, temperaturstegring, hosta) gavs forssksmedicin i form av penicillin V (PcV) eller
placebo. Inom 3 dygn undersoktes barnen med dronmikroskopi for att bekrifta eller utesluta
AOM. Baktericodling fran nissvalget togs ocksa vid undersokningstillfillet. Patienterna
foljdes under 4.5 ménader. I gruppen som fatt PcV noterades en minskad frekvens AOM
jamfort med placebogruppen. Odlingarna frén de patienter som erhallit forsoksmedicin i minst
2 dagar visade att S. pneumoniae (pneumococcer) férekom i en lagre frekvens hos dem som

fatt PcV jamfort med de som fatt placebo.

Den andra studien omfattade barn som foére 6 méanaders alder haft en AOM konstaterad av
oronldkare. 1 ovrigt var uppldggningen identisk med den i studie I fransett att patienterna
foljdes under 12 manader. De fordndrade urvalskriterierna for patienter motiverades av att
frekvensen AOM hos de i studie I inkluderade barnen varit ldgre &n forvintad. Resultaten
visade att bada grupperna fick lika hog frekvens AOM, négon foérebyggande effekt av PcV
kunde inte noteras. Daremot hade 48/70 inkluderade barn haft mer &n 3 AOM-episoder under

studietiden, vilket talar for att urvalskriterierna fangat upp otit-benégna barn.
Det tredje arbetet dr en bakteriologisk studie baserad pa prov tagna fran patienterna i studie II.
Sammanlagt omfattade materialet 703 odlingar. Patienterna, som deltog i studie II, hade under

studiedret konsumerat 7 respektive 5 kurer antibiotika i PcV- respektive placebogruppen.
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Trots detta kunde man inte hos nagon av de isolerade stammarna av S. pneumoniae eller H.

influenzae i nagot avseende konstatera en 6kad resistens.

I den fjarde studien framkallades AOM experimentellt hos olika grupper av rattor med de vid
otit vanligast forekommande bakterierna. Trumhinnans utseende under forséksperioden
dokumenterades och hos en del av forsoksdjuren bestimdes ocksd halten av det vid
inflammatoriska processer bildade cytokinet IL-6. Resultatet visade att man genom
trumhinnans utseende kunde avgora vilka djur som infekterats med komplikationsbenéigna
bakterier (S. preumoniae och S. pyogenes) fran de dér de ofarligare bakterierna (H. influenzae
och M. catarrhalis) var etiologiskt agens. Daremot kunde inte halten av cytokinet IL-6 i blod

korreleras till vilken bakterie som orsakat den aktuella AOM:en.

I det avslutande femte arbetet undersoktes 82 patienter med AOM. Hirvid gjordes
oronmikroskopi samt bakterieodling fran mellanérat och néssvalget. Utifran trumhinnans
utseende angav undersdkaren troligt etiologiskt agens och detta jimférdes sedan med
resultatet av bakterieodlingarna. Av 63 bedombara patienter kunder man hos 47 ange om
infektionen orsakats av komplikationsbenégna bakterier eller sdidana med mindre bendgenhet

for detta.

Sammanfattningsvis har avhandlingen visat att forebyggande antibiotikabehandling vid OLI
hos otitbendgna barn minskar frekvensen AOM hos dldre barn men ej hos yngre. Upprepade
behandlingar med PcV orsakar inte nagon typ av resistensutveckling hos de vid AOM aktuella
bakterierna. Det finns dessutom en klar mojlighet att enbart utifran trumhinnebilden, bade vid
djurexperimentell och human otit, avgéra om komplikationsbendgna bakterier (S.
pneumoniae/S. pyogenes) eller ofarligare sadana (H. influenzae/M. catarrhalis) &r etiologiskt
agens. Det senare kan resultera i att man i den kliniska situationen ibland kan avvakta med

antibiotikabehandling dven vid AOM.
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