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Pneumonia is the leading cause of death in children under 5 years of age
worldwide and a cause of morbidity in a considerable number of children. A
number of studies have sought to identify the ideal choice of antibiotics,
route of administration and optimum duration of treatment based on the
most likely aetiological agents. Emerging bacterial resistance to antibiotics is
also an important consideration in treatment. However, inconsistent clinical
and radiological definitions of pneumonia make comparison between studies
difficult. There is also a lack of well designed adequately powered ran-
domised controlled trials. This review describes the difficulties encountered
in diagnosing community-acquired pneumonia, aetiology, treatment
strategies with recommendations and highlights areas for further research.
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1. Introduction

On a global scale, pneumonia is a major cause of morbidity and mortality, but with
vast differences seen between the developing and developed world. It has proved chal-
lenging to agree consensus regarding consistent clinical and radiological definitions of
pneumonia, which makes comparison between clinical studies difficult. Treatment
strategies are hampered by a lack of well designed and adequately powered randomised
controlled trials (RCTs).

This article discusses the difficulties encountered in diagnosing pneumonia,
determining aetiology and selecting treatment strategies with recommendations and
areas for further research. The following discussion relates to community-acquired
pneumonia (CAP), rather than hospital-acquired pneumonia.

2. Incidence

Recent estimates by the WHO suggest that ~ 2 million children < 5 years of age die
from pneumonia each year worldwide and it is the leading cause of death in this age
group [1]. It has been estimated that 2.5 million cases of pneumonia occur annually
in Europe [2. The most recent incidence figures from the developed world come
from an Australian study carried out in 2003 (3]. A diagnosis of pneumonia was
reported in 6.8% of children. The estimated incidence of pneumonia in the study
sample was 7.6/1000 person-years. Radiological confirmation was reported in 85%
and hospitalisation in 41%. The estimated incidence of pneumonia requiring hospi-
talisation was 3.1/1000 person-years. This study is difficult to compare with other
incidence studies as it used as parental recall and a denominator of person-years. If
the incidence is calculated using persons rather than person-years, the rate of pneu-
monia in the < 5 year age group would be 21/1000/year. European figures taken
from a study conducted in Finland found a higher incidence, 36/1000/year for
children < 5 years of age and 16.2/1000/year for children > 5 years (hospital and

10.1517/14656566.8.8.1091 © 2007 Informa UK Ltd ISSN 1465-6566

1091



Effective treatment strategies for paediatric community-acquired pneumonia

community combined). However, the number of cases requir-
ing hospitalisation is very similar (41% in the Australian study
and 42% in the Finnish study (4]).

Death is such an extremely rare event in previously well
children in the developed world that figures are hard to
obtain. A study by Mclntosh [5] used data from the Office for
National Statistics (ONS) to try and assess the impact of
using seven valent pneumococcal conjugate vaccines on
reducing death rates from invasive pneumococcal disease in
the UK. (The ONS collects mortality data from all deaths in
the UK and publishes them according to ICD-10 codes). A
total of 13 deaths from invasive pneumococcal disease were
reported to the ONS in 1999, 3 of which were due to pneu-
monia. In addition, a further 77 deaths due to pneumonia
were reported due to unspecified septicaemia. An underlying
condition, such as cerebral palsy or prematurity, was present
in 34/77 (44%). It can be seen that these numbers are very
low when considered in the context of the number of children
who suffer from pneumonia each year.

3. Diagnosing pneumonia

There is no uniformly accepted gold standard for the diag-
nosis of pneumonia in children. In the developing world
where access to radiological equipment is limited, the WHO
has developed clinical signs as predictors of pneumonia for
use by health workers in the field [6,7]. Fast breathing (defined
as > 60 breaths/min in infants < 2 months; > 50 breaths in
infants 2 months to 1 year, and > 40 breaths in children aged
1 — 5 years) and the presence of chest in-drawing are used to
make a clinical diagnosis of pneumonia and make manage-
ment decisions on the use of antibiotics and admission to
hospital. Perhaps the most important drug used in the treat-
ment of childhood pneumonia, is oxygen. Irrespective of the
organism responsible, simple clinical signs predict hypoxae-
mia in children with pneumonia in the developing world [s].
The use of a simple case management protocol can reduce
the case fatality rate for childhood pneumonia and much of
this improvement is related to the early and appropriate use
of oxygen [9].

Studies of pneumonia in the developed world usually use a
radiological diagnosis as the gold standard. However, there is
poor agreement between radiologists with regards to what
precise changes constitute a radiological diagnosis. Studies
demonstrate a poor level of inter- and intra-observer agree-
ment among radiologists when assessing chest radiographs for
pneumonic change [10l. Published studies of pneumonia
include many different radiological classifications, making
comparison difficult.

The WHO has addressed this problem and developed an
agreed definition for ‘radiological pneumonia’ for use in vac-
cine trials and epidemiological studies [11]. A positive radio-
graph under this system must demonstrate a ‘significant
amount of alveolar type consolidation” or ‘minor degrees of
consolidation with a pleural effusion’. More importantly, the

WHO sells a teaching package with examples of chest radio-
graphs that have been reported under this system as having
infiltrates or consolidation; this allows clinicians running
studies to follow the same system. A study by Davies [12]
agreed with the basis for this system. They demonstrated a
high level of intra- and inter-observer agreement for the
(weighed k¥ = 0.91 for
intra-observer agreement) and also found a high level of

presence of consolidation
agreement between radiologists that consolidation represents
pneumonic change (k = 0.92).

3.1 Is it possible to differentiate viral and bacterial
pneumonia radiologically?

Radiological changes have been extensively studied to deter-
mine whether they have a place in differentiating viral and
bacterial pneumonia. A study by Swischuk [13] found a 90%
accuracy rate overall when trying to differentiate bacterial
from viral pneumonia. In this study, however, cases were
classed as being viral or bacterial on clinical grounds, a system
that is known to be flawed. A further study by Bettenay [14]
carried out in conjunction with an aetiology study found
there was only a 30% chance of isolating a bacteria when the
chest radiograph suggested a bacterial cause using the system
designed by Swischuk.

The gold standard finding of consolidation is reliable for
diagnosing pneumonia, but should not be used to assume a
bacterial infection, as demonstrated in a study by Virkki (15]. In
this study, aetiology and radiological changes were assessed in
254 children. Consolidation historically thought to be associ-
ated with bacterial pneumonia was seen in 72% of those with a
bacterial infection. In children with solely viral pneumonia,
50% had consolidation. Interstitial changes are thought to be
more associated with viral infections; however, 50% of chil-
dren in this group had evidence of a viral infection, whereas
the other 50% had bacterial infection. Many children had a
mixed picture of radiological changes. These findings were
confirmed in a systematic review by Swingler [16], who con-
cluded that it was not possible to differentiate between viral
and bacterial pneumonia radiologically. The radiological diag-
nosis of pneumonia is further complicated by anecdotal evi-
dence that suggests the chest radiograph can be normal in the
early stages of the disease.

3.2 Diagnosing bacterial pneumonia using
inflammatory markers

Many of the actiology studies quoted above also studied the
role of inflammatory markers, such as C-reactive protein
(CRP), and white cell count to differentiate viral and bacte-
rial pneumonia. It is clear from many studies that it is not
possible to do this [17-20]. The use of procalcitonin has shown
promise in distinguishing between bacterial and viral pneu-
monia. One study found a sensitivity of 86% and a specifi-
city of 88% [21]. However, other researchers have found a
lower sensitivity of 50% for procalcitonin in the detection of
bacterial pneumonia [22]. Immunofluorescence of respiratory
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secretions are highly specific and can be performed against a
number of respiratory viruses. This can allow near patient
testing and early treatment with specific antiviral agents such
as the neuraminidase inhibitors against influenza. Blood cul-
ture is another commonly performed investigation on chil-
dren with CAP, but the yield is extremely low (< 5%) [17,23,24]
and the results are not available in the acute setting to
influence antibiotic prescribing.

4. Aetiology

Demonstrating which organism is responsible for an episode
of pneumonia in an infant or a child is difficult as, unlike
adults, children do not produce sputum. Lung aspirate
obtained by a lung puncture is the most sensitive method
available to clinicians to identify the causative agent. There
were many actiology studies in the developing world in the
1970s and 1980s using lung aspirate. If the results from these
studies are pooled, bacteria were isolated in 456 (55%) of the
835 aspirates examined [6]. This figure may be falsely low as
some children were pre-treated with antibiotics and the
affected part of the lung may not always have been sampled. In
the developing world, Streptoccocus  pneumoniae  and
Haemophilus influenzae account for more than two thirds of all
bacterial isolates. This is in contrast to the developed world
where viral and atypical organisms play a much bigger role (17].

Although lung aspirate is the most sensitive diagnostic test
available to clinicians, it is now rarely indicated in the devel-
oping or developed world. Information from aetiology studies
and knowledge of local resistance patterns are used to select an
appropriate antibiotic regimen. Using these regimens and
supportive treatment, defined by an appropriate treatment
protocol, the great majority of children with pneumonia make
a full recovery and, hence, invasive techniques such as lung
aspirate are not necessary [9].

In clinical practice, results from diagnostic microbiological
tests are not available to influence antibiotic prescribing in the
acute setting. Information from aetiology studies is used to
direct antibiotic prescribing to cover the most likely causative
organisms. There have been a number of actiology studies in
the developed world over the last 10 — 15 years, all of which
have used a combination of culture, serology, immunofluores-
cence and the polymerase chain reaction (PCR) to diagnose
both bacterial and viral infection.

There is wide variation between these studies in the number
of cases where an organism is identified from 43% (Wubbel
et al. 1251) to 85% (Juven et 4l. [26]). Similar variation exists for the
number of cases where a bacterial, viral or mixed actiology are
identified. Estimates of the occurrence of mixed actiology range
from 0.7% (Drummond ez 4/. 118]) to 30% (Juven et al. [26]).
Intercurrent or preceding viral infections are believed to be risk
factors for secondary bacterial disease. Dual bacterial infection
also occurs. Toikka et al. 1271 described the characteristics of nine
children with dual Mycoplasma pneuwmoniae and S. pneumonia
infection. They postulate that M. pneumoniae infection
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precedes infection with S. pneumoniae and the latter increases
respiratory symptoms leading to hospitalisation. Although it
seems sensible to treat both pathogens in dual bacterial
infection, there is no evidence to support this.

Aetiology studies are difficult to compare for a number of
reasons. The difficulties in defining pneumonia have already
been alluded to. Both clinical and radiological definitions of
pneumonia differ across the studies, resulting in differences,
particularly the inclusion or exclusion of wheezy children.
Each study used a different battery of microbiological tests.
Some used a mixture of in-patients and out-patients, whereas
others used in-patients only. It is likely that the aetiological
mix of CAP is different in children treated as in-patients com-
pared with out-patients.

Tuberculosis (TB) is a rare cause of pneumonia and does
not figure in any of the aetiology studies described above.
However, it should be considered in any child presenting with
respiratory distress where there has been a history of contact

with TB.

4.1 Viral pathogens

In 2001, researchers in the Netherlands isolated a new virus
from children and adults with acute respiratory infection, an
RNA virus termed human metapneumovirus. A study by
Williams (28] tested nasal wash specimens from otherwise
healthy children who presented with acute respiratory illness
over a 25-year period from 1976 to 2001 for metapneumo-
virus. The virus was found in 49/248 (20%) of the samples
(using PCR). It was most commonly associated with bronch-
iolitis (59%) and pneumonia accounted for 8% of the cases.
Other viral pathogens include respiratory syncitial virus,
rhinovirus and influenza A and B.

4.2 Aetiology and age
In the past, certain actiologies have been ascribed to particular
age groups. S. pneumoniae was thought to be more common in
younger age groups and M. prewmoniae more common in
older age groups; however, more recent studies show differing
results. Jokinen (4] found that in children < 5 years of age,
S. pneumoniae was found to have an incidence of
8.6/1000/year and M. pneumoniae 1.7/1000/year. In children
aged 5 — 15, S. pneumonia fell to 5.4/1000 and M. pneumoniae
rose to 6.6/1000. Other studies have found different results.
An audit by Clark [29] from the north of England found that
the mean age of children with mycoplasma was 3.5 years.
Block (30] identified M. preumoniae in 23% of 3 — 4 year old
children. In an aetiology study by Mickelow (311, 35/154 chil-
dren had M. pneumoniae or Chlamydia pneumoniae, 47% of
which were < 5 years. M. pneumoniae occurs in epidemics
every 4 — 7 years and, during these epidemics, a much higher
proportion of childhood pneumonia will be attributable to
mycoplasma [32].

Despite these problems, some conclusions can be drawn
from the studies. In the majority, S. pneumoniae was the most
common cause of bacterial pneumonia [20,25.26,51]. In a few
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studies, M. pneumoniae was found to be more common than
S. pneumoniae [1733). It is of note in the studies from the
developed world that the incidence of Staphylococcus aureus
was extremely low. Pooled results from 7 of the largest studies
over the last 10 years show that it accounted for only
3/1106 cases of pneumonia [17,18,20,25.26,31,33] (aetiology was
established in 712/1106 of these cases). This brings into ques-
tion the continued use of broader spectrum antibiotics by
some clinicians often to cover the possibility of S. aureus.

5. Risk factors for community-acquired
pneumonia

Many children presenting with pneumonia in the developing
world will be severely malnourished (91. A study from Ethio-
pia has shown that nutritional rickets increases the risk of
pneumonia 13-fold, even after correcting for malnutrition
and other confounding factors [34]. Prevention of rickets by
exposure to sunlight or vitamin D supplementation is impor-
tant in this setting, but vitamin D supplements do not have a
role in the treatment of pneumonia in the absence of rickets.
Seroprevalence of HIV is higher in children admitted to hos-
pital with pneumonia in the developing world (35]. Children
with HIV may develop pneumonia with opportunistic path-
ogens, such as Preumocystis jiroveci, where treatment with
high dose co-trimoxazole is indicated. However, pneumonia
in these children is not confined to opportunists. When
HIV-positive children, who do not have access to highly
active anti-retroviral treatment, present with pneumonia,
simple antibiotics are effective in the majority of cases [36]. In
the developed world, children may be at greater risk of pneu-
monia because of immune deficiency, immunosuppression,
impaired mucociliary clearance (such as in cystic fibrosis or
primary ciliary dyskinesia) or neuromuscular disease.

6. Treatment

The difficulties in arriving at a diagnosis of pneumonia have
been alluded to the above. Having made the diagnosis, the
clinician then faces a number of treatment related decisions.

Three areas need consideration: i) use of a narrow or
broad-spectrum antibiotic; ii) administration by the oral or
the intravenous route; and iii) length of treatment.

6.1 Which antibiotic?
Bearing in mind the limitations, the studies described above
suggest that S. pneumoniae is the most common cause of bacte-
rial pneumonia. Antibiotic resistance among S. preumoniae to
penicillin and macrolides is increasing, but remains low overall
in the UK and many other European countries (see later).
With this in mind, penicillin should be adequate to treat
paediatric CAP [17). However, many clinicians continue to use
broader spectrum antibiotics such as cephalosporins. Unfortu-
nately, there is a paucity of research to inform the clinician as
to which antibiotics should be used as first-line treatment of

CAP. This area was the subject of a recent Cochrane review,
which sought to identify effective antibiotic drug therapies for
CAP in children by comparing various antibiotics [37]. RCTs
comparing antibiotics for CAP in children were included if
they used the case definition of pneumonia (as given by the
WHO) or radiologically confirmed pneumonia. A total of
20 studies met the inclusion criteria (many were carried out in
the developing world).

This review suggests that failure rates were more com-
mon with co-trimoxazole than amoxicillin. Cure rates were
better with procaine penicillin than co-trimoxazole. A treat-
ment combination of penicillin and gentamicin was better
than chloramphenicol alone, as the hospitalisation rates and
re-admission at 30 days were higher with chloramphenicol.
The WHO presently recommends treatment of non-severe
pneumonia with co-trimoxazole in countries with an infant
mortality > 40/1000 live births (6]. These guidelines may
have to be revised in view of the above findings. The
authors conclude that there is a need for more research with
adequately powered studies and similar methodologies to
compare newer antibiotics.

Treatment decisions for pneumonia in the developed world
are based on the limited RCTs, which are available in conjunc-
tion with knowledge of local actiology and antibiotic resistance
patterns. A closed loop audit from the UK demonstrated that
antibiotic prescribing for pneumonia could be rationalised with-
out increased treatment failures [17. The retrospective arm of
this audit studied 42 children with pneumonia and demon-
strated that clinicians were using a range of antibiotics, most
commonly cefotaxime (38%). Only 24% of children were
treated with benzyl penicillin. The prospective arm of the
study instigated a new management protocol that promoted
the use of benzyl penicillin, followed by the addition of a
macrolide at 48 h for those not responding. A total of
89 children were included in the prospective audit and
61/89 (69%) were treated with benzyl penicillin (there were
reasons for giving broader spectrum antibiotics, such as
immunodeficiency, in 10 children). The new management
protocol was effective and not associated with an increased
number of treatment failures. Despite these results, many
clinicians in the UK continue to prescribe broad-spectrum
antibiotics for treatment of pneumonia [29].

Treatment recommendations for the developed world are
given in Table 1.

The treatment of pulmonary TB is beyond the scope of this
review, therefore the reader is referred to recent treatment
guidelines produced by the British Thoracic Society [101] and
the National Institute for Health and Clinical Excellence [102].

6.2 Treatment of atypical pneumonia

Many clinicians use age, clinical presentation and radio-
logical criteria in deciding whether to treat with a macrolide
to cover the possibility of M. pneumonia. Although these
criteria may be useful in some cases, they cannot reliably be
used to diagnose M. pneumoniae 119]. For those unwell
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Table 1. Treatment recommendations*. Empirical treatment for pneumonia where the organism is not known.

Age Likely organism Antibiotic regimen Antibiotic regimen
Areas with low antimicrobial Areas with high antimicrobial
resistance resistance
< 6 months E. coli Broad-spectrum cephalosporin normally  As for areas with low antimicrobial
Gram-positives e.g., given intravenously e.g., cefuroxime resistance.
Group B Streptococci. 20 mg/kg i.v. every 8 h, increased to
Also consider pertussis. 50 — 60 mg/kg (max 1.5 g) every 6 h in
severe infection.
> 6 months S. pneumoniae. Oral: high dose amoxicillin Oral: high dose amoxicillin

Also consider
M. pneumoniae.

(No co-morbidity)

Any age co-existing
disease e.g., cystic
fibrosis or
immunocompromised

S. pneumoniae

M. pneumoniae
Haemophilus species,
Pseudomonas aeruginosa
S. aureus.

6 — 12 months: 125 mg t.i.d.

1 -5 years: 250 mg t.i.d.

5 - 18 years: 500 mg t.i.d.

Benzyl penicillin i.v. 25 mg/kg every 6 h,

increased to 50 mg/kg (max 2.4 g) every 4

h in severe infection.
Add a macrolide (p.o.) if no clinical
improvement at 48 h.

*Oral co-amoxiclav

1 —12 months: 0.5ml/kg t.i.d. (125/31).
1 -6 years: 10 ml t.i.d. (125/31).

7 =12 years: 10 ml t.i.d. (250/62).

12 — 18 years: 1 tablet t.i.d. (500/125).
Cephalosporin i.v.

e.g., cefuroxime 50 — 60 mg/kg 6-hourly
(use anti-pseudomonal antibiotic such as
ceftazidime 50mg/kg/dose t.i.d. where

6 — 12 months: 125 mg t.i.d.

1 -5 years: 250 mg t.i.d.

5 - 18 years: 500 mg t.i.d.
Cephalosporin e.g. cefuroxime

20 mg/kg i.v. every 8 h, increased to
50 - 60 mg/kg (max 1.5 g) every 6 h in
severe infection.

Add a macrolide (p.o.) if no clinical
improvement at 48 h.

*Oral co-amoxiclav

1 =12 months: 0.5 ml/kg t.i.d. (125/31).
1 —6years: 10 ml t.i.d. (125/31).

7 =12 years: 10 ml t.i.d. (250/62).

12 — 18 years: 1 tablet t.i.d. (500/125).
Cephalosporin i.v.

e.g., cefuroxime 50 — 60 mg/kg
6-hourly.

P aeruginosa suspected).

*Drug doses taken from the Children’s British National Formulary [60].

*In practice, treatment decisions for this group of children will often be made following discussion with the local microbiologist and in conjunction with local protocols

and guidelines.

enough to require admission to hospital, there have been no
studies comparing penicillin or broader spectrum antibiotics
alone with a combination of a macrolide plus penicillin
or cephalosporin.

A Cochrane review [38] found insufficient evidence to draw
any conclusions about the efficacy of antibiotics for lower
respiratory tract infection (LRTI) secondary to M. pneumo-
niae in children. The use of antibiotics for M. pneumoniae
LRTT has to be individualised and balanced with possible

adverse events associated with antibiotic use.

6.3 Treatment of severe acute respiratory syndrome
and pandemic influenza
In 2003 a new acute respiratory illness, termed severe acute
respiratory syndrome (SARS), was reported in Hong Kong,
China and Toronto. The causative organism was a strain of
human coronavirus. The outcome of SARS in 10 children,
treated with ribavirin, prednisolone and intravenous methyl
prednisolone, has been described. All the children survived
and the authors speculate that SARS has a milder course in
children 391.

An imminent pandemic of influenza has been widely
predicted [40]. Influenza may be complicated by severe
pneumonia in 4 — 8% of individuals aged 5 — 50 years [41].

Guidelines for the management of pandemic influenza in
adults and children have been published recently (103]. These
recommend that children with a cough, fever (> 38.5°C) and
breathing difficulty should receive treatment with an antibiotic
and oseltamivir (in those > 1 year of age, see Table 2). Children
should be given an antibiotic that will cover S. pneumoniae,
S. aureus and H. influenzae. In children < 12 years, co-amoxi-
clav is recommended, and in children > 12 years, doxycycline is
an alternative. Where influenza is complicated by pneumonia,
children should receive a second agent added to the regimen
(e.g., clarithromycin or cefuroxime) and the drugs should be
given intravenously.

6.4 Treatment of measles pneumonia

Respiratory tract involvement in measles is universal. Measles-
associated pneumonia can occur as a result of direct invasion
by the measles virus or due to secondary infection by other
bacteria or viruses. In some endemic regions, antibiotics are
given routinely to children with measles to treat or prevent
bacterial pneumonia. This practice is not supported by
evidence from a Cochrane review [42]. This advice may change
following a RCT showing reduced pneumonia and hospital
admissions in children with measles treated with prophylactic
antibiotics [43]. However, the use of vitamin A in children with

Expert Opin. Pharmacother. (2007) 8(8)
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Table 2. The drug treatment of viral pneumonia.

Diesease Drug

Regimen

Measles [44] Vitamin A

Suspected SARS (coronavirus) [39]
ribavirin prednisolone

Severe symptoms of SARS
methylprednisolone

Oseltamivir®
(Child aged > 1 year)

Pandemic influenza [103]

*Co-amoxiclav

Doxycycline

Clarithromycin® or cefuroxime

Cefotaxime i.v. and clarithromycin p.o. plus

*Intravenous antibiotics plus ribavirin

200,000 IU, 2 doses on consecutive days (p.o.)*

40 mg/kg daily in 2 — 3 divided doses (p.o.)
0.5 - 2.0 mg/kg daily (p.o.)

20 mg/kg daily in 3 divided doses (i.v.)
10 - 20 mg/kg daily (i.v.)

< 15 kg: 30 mg 12-hourly
15 - 23 kg: 45 mg 12-hourly
> 24 kg: 75 mg 12-hourly

Orally:

1-12 months: 2.5 ml t.i.d. (125/31)
1-6years: 5 mlt.id. (125/31)

7 — 12 years: 5 ml t.i.d. (250/62)

12 — 18 years 1 tablet t.i.d. (250/125)
i.v. all ages: 30 mg/kg t.i.d.

> 12 years only 100 mg/day (p.o.)

All ages: 5 — 7 mg/kg b.i.d. (i.v.)
All ages 20 — 30 mg/kg t.i.d. (i.v.)

*Add intravenous antibiotics where there is a radiological diagnosis of pneumonia. *To cover the possibility of bacterial superinfection.
SReduce dose by 50% if creatinine clearance is < 30 ml/min. "Where a second antibiotic is indicated.

SARS: Severe acute respiratory syndrome.

measles reduces overall mortality and pneumonia-specific
mortality when two doses are given [44].

7. Antibiotic resistance

Antibiotic resistance to S. pneumoniae is a worldwide prob-
lem, as documented in a recent study by Felmingham 45].
This international study included 69 centres in 25 countries.
Information was collected on resistance rates of respiratory
pathogens to B-lactam antibiotics and macrolides. The major-
ity of specimens from children were throat and ear swabs. A
total of 2872 isolates of S. pneumoniae were collected;
779 from children, 57% of those from children retained sus-
ceptibility to penicillin. A wide variation was seen between
countries. Macrolide resistance was slightly lower, with 37%
of isolates from children showing resistance.

The British Society for Antimicrobial Chemotherapy
carries out more detailed surveillance of resistance rates in
England [104). They quote that 94.7% of S. pneumoniae dur-
ing 2004 — 2005 were sensitive to penicillin. European figures
are available from the European Antimicrobial Resistance Sur-
veillance System (EARSS) [105]. In total, 9283 S. pneumoniae
invasive isolates with penicillin susceptibility data were
reported to EARSS in 2004. Of these isolates, 9% were
reported as non-susceptible to penicillin. There was wide
variation between countries.

The isolation of resistant S. pneumoniae has been much
higher in the US. The Active Bacterial Core Surveillance
Programme of the Centres for Disease Control and Prevention
is a population-based surveillance programme that studies
invasive pneumococcal infection in the US. In 1998, 25% of

the 3475 isolates of S. pneumoniae were penicillin-resistant; an
increase from 21% of cases in 1995 [46]. The population stud-
ied included 16.5 million people in eight states. The inci-
dence of penicillin resistant pneumococci was found to be as

high as 32% in children < 5 years of age.

8. Studies comparing the oral and parenteral
routes of antibiotic administration for
community-acquired pneumonia

8.1 Developing world
The largest and most recent study was an equivalent trial that
compared oral amoxicillin with intramuscular penicillin for
children with WHO defined severe pneumonia [47). The pri-
mary outcome was treatment failure at 48 h. Children were
randomised to intramuscular penicillin for 48 h (845)
followed by 5 days of oral amoxicillin or 7 days of oral amoxi-
cillin (857). Treatment failures were 19% in each group.
Equivalence for the two treatments was demonstrated.
Campbell (48] compared a combination of a single dose of
procaine penicillin followed by 5 days of oral ampicillin to
oral co-trimoxazole for 5 days. The study took place in
Gambia and 143 children were assigned sequentially to one
of the two treatment groups. All children had severe pneu-
monia defined by the WHO criteria. However, this was
largely an out-patient study due to the pressure of beds.
There was no difference in the outcome between the two
groups when they were assessed at 2 weeks using both mater-
nal and clinicians assessment of illness. Although 43% of
mothers reported vomiting and 28% reported inability to
feed, only 5 children were excluded overall as they could not

1096

Expert Opin. Pharmacother. (2007) 8(8)



take oral medication. Other studies using similar treatment
regimens have found the same results [49,50].

8.2 Developed world

In the UK, parenteral treatment is via the intravenous route.
Children with pneumonia tend to be discharged with oral
treatment or admitted for intravenous treatment. A few chil-
dren are admitted and treated with oral antibiotics. This is not
the case in the US, where it is common practice to administer a
single dose of intravenous or intramuscular therapy in the
emergency department followed by oral medication.
Tsarouhas [51] studied 170 children well enough to be treated
as out-patients and randomised them to two treatment groups
of oral amoxicillin or a single dose of intramuscular procaine
penicillin. Outcome was assessed at 36 h and both groups
completed a 10-day course of amoxicillin. There was no signif-
icant difference between the two groups. However, it should be
noted that the period of follow up was short. Longer follow up
may have demonstrated differences between the two groups, in
particular total length of illness, re-admission to hospital and
complications such as empyema.

There has only been one study in the developed world com-
paring the oral and intravenous route for children unwell
enough to require admission to hospital [521. In this adequately
powered randomised controlled equivalence trial, 246 children
were randomised to oral amoxicillin or intravenous benzyl peni-
cillin. Robust criteria were used for the diagnosis of pneumonia
(fever, respiratory symptoms or signs and consolidation on the
chest radiograph agreed by two independent radiologists). The
primary outcome measure was time for temperature to settle
(median 1.3 days in both groups). Median time to complete res-
olution of symptoms was 9 days in both groups. Three children
in the oral group were changed to intravenous antibiotics. The
study concluded that the majority of children admitted to hospi-
tal (all but those with the severest disease) should be treated with
oral amoxicillin. This has implications for reducing the pain and
distress of treatment for children and families and also the cost.

8.3 Duration of antibiotic therapy
8.3.1 Switch therapy
‘Switch therapy’ (also known as ‘sequential antimicrobial
therapy’) is a concept that has been advocated in patients with
pneumonia and consists of shorter administration of antibiotics
by the intravenous route, usually around 1 — 2 days, followed
by a longer course of oral antibiotics. There have been no RCTs
in the developed world to study this concept in children. The
only information in this area is from two observational studies
carried out following introduction of new management proto-
cols. Both studies concluded that intravenous antibiotic admin-
istration could be successfully reduced from a mean of 5.6 to
1.7 days in one study (53] and 6 to 3 days in another [54].

If oral antibiotics are used, they tend to be prescribed for
5 — 7 days routinely and 10 days for severe infections (depend-
ing on which antibiotic is used). There is no research in the
developed world to indicate what the appropriate length of oral
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treatment is. There have been two studies from the developing
world that advocate shorter courses of oral antibiotics. Two
similar studies from Pakistan and India compared 3 — 5 days of
oral amoxicillin for non-severe pneumonia [55,56].

They were both large adequately powered studies
(> 2000 children in each). The main outcome measure in
both studies was treatment failure; both demonstrated that
3 days of oral amoxicillin was as effective as 5 days™ treatment.
This has implications for reducing both antibiotic resistance
and cost of treatment.

9. Complications of pneumonia

Empyema and lung abscess remain rare complications of CAP
in children, although there has been a well documented
increase both in the UK 57 and the US s8]. S. pneumoniae type
1 has been shown to be the aetiological agent responsible for
~ 50% of the increase seen in both the US [58] and UK [59]. The
new heptavalent pneumococcal vaccine does not protect against
infection with S. pneumoniae type 1 [571. S. pneumoniae type 1
was previously associated with disease in developing countries.
The reasons for the increased virulence of this organism in the
Western world are not clear.

10. Preventative strategies

The impact of the introduction of heptavalent conjugate pneu-
mococcal vaccine in reducing the incidence of pneumonia has
been assessed in many countries.

In 2000, the FDA approved the new heptavalent pneumo-
coccal conjugate vaccine Prevnar™ (Wyeth) for use in the US.
There have been many studies documenting its efficacy in
reducing invasive pneumococcal disease. The biggest of these
trials randomised 37,868 children to receive either heptavalent
conjugate pneumococcal vaccine or a new experimental menin-
gococcal C vaccine [61]. There were 3 cases of invasive disease in
the pneumococcal group and 49 in the meningococcal group.
The estimated efficacy against bacteraemic pneumonia was
85%. A UK study estimated that 16% of cases of pneumococ-
cal pneumonia hospitalised annually may be preventable by
heptavalent conjugate pneumococcal vaccine [5).

Other preventative strategies include early warning systems
to predict outbreaks of respiratory syncytial virus and influ-
enza and, therefore, guide treatments such as palivisumab.
One such early warning web-based system in Germany uses
multiplex PCR to detect up to 19 acute respiratory tract
infection microorganisms [106].

11. Summary

Pneumonia is difficult to diagnose both clinically and radio-
logically. It is not possible to differentiate between viral and
bacterial pneumonia and microbiological tests are not
available to influence antibiotic prescribing in the acute
setting. Much of the evidence from RCTs using different
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antibiotic regimens has limited applicability for clinicians
when treatment decisions have to be made. There is some evi-
dence to suggest that antibiotic prescribing can be rationalised
in areas with a low incidence of resistant S. pneumoniae to
first-line penicillin without increased treatment failures [17].
Children requiring admission to hospital who do not have
severe pneumonia will be treated adequately with oral amoxi-
cillin 521. However, it is clear that antibiotic use should reflect
local resistance patterns.

12. Expert opinion

There is now research in both the developing and developed
world that demonstrates the effectiveness of oral treatment for
children with moderate-to-severe pneumonia using amoxicil-
lin. The widespread use of broad-spectrum antibiotics fre-
quently by the intravenous route does not always correlate
with local antibiotic resistance patterns. Clinicians should
review local prescribing habits and develop local protocols in
conjunction with microbiology colleagues based on the availa-
ble evidence from national evidence-based guidelines such as
those developed by the British Thoracic Society [62]. Anti-
biotic stewardship to prevent antimicrobial resistance is an
important part of this process. Guidelines produced by the
Infectious Disease Society of America discuss this process in
more detail [63].

Pneumonia remains a challenging area for further research
in view of the difficulties in standardisng diagnosis both clini-
cally and radiologically. Objective outcome measures for fur-
ther studies also need to be carefully considered. In the
developing world, treatment failure is often used as the pri-
mary outcome measure. This is more difficult to apply to the
developed world where the majority of children make a full
recovery from pneumonia without associated morbidity or
mortality. The study from the developed world comparing
oral amoxicillin and intravenous benzyl penicillin discussed
above showed a median time for temperature to settle of

1.3 days in both groups (s521. It will be difficult in further

studies to show an improvement in time for temperature to
settle without recruiting large numbers of children; however,
this remains one of the most objective outcome measures
available. Longer term outcome measures taking into
account length of illness, cough and overall well-being are
less objective and often based on poorly validated scores.

Development of new antibiotics is essential in tackling
resistance. Studies to assess the efficacy of new antibiotics have
an important place. However further research is needed to
compare the current regimens that are known to work (oral
amoxicillin for moderate-to-severe pneumonia in both the
developing and developed world) with the newer antibiotics
in existence already such as first and second generation cepha-
losporins. Funding for this type of trial will clearly be harder
to secure.

The use of macrolides remains an area where further
research is urgenty needed both in the in-patient and
out-patient population. For those clinicians already using nar-
row spectrum antibiotics there is a dilemma: whether to use a
macrolide if first-line treatment fails (this decision is often
made after 48 h of first-line therapy) and whether to use it in
addition to amoxicillin or in place of amoxicillin. Rapid diag-
nostic tests, such as PCR, have limited applicability in helping
this decision at present as they are not routinely available in
most centres. This may well change over the next 5 — 10 years;
however, the clinician should be aware of false positive diag-
noses with this type of investigation and bear in mind that
many children with pneumonia will have a mixed aetiology.

In summary the following areas are important for future
research to provide clinicians with evidence to treat CAP:

* Comparison of intravenous narrow spectrum intravenous
antibiotics (benzyl penicillin) versus broad-spectrum
antibiotics (cephalosporin).

* An RCT of amoxicillin versus azithromycin plus amoxicillin.

e Further research on rapid diagnosis to guide therapy in
real time.

* Prognostic scores to identify those children who will need
in-patient care or will benefit from early aggressive treatment.
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