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Abstract
Aims—To audit the management of com-
munity acquired pneumonia before and
after the introduction of a protocol. To
determine the aetiology of pneumonia
using routine investigations and polymer-
ase chain reaction (PCR).
Methods—Retrospective and prospective
audit following the introduction of a man-
agement protocol. Prospective cases were
investigated routinely and with PCR on
blood and nasopharyngeal aspirate.
Results—There was a significant increase
in rational prescribing following introduc-
tion of the protocol with 75% of children
receiving intravenous penicillin or eryth-
romycin compared with 26% beforehand.
Of 89 children in the prospective group, 51
microbiological diagnoses were achieved
in 48 children. Seven children had Strep-
tococcus pneumoniae infection, 14 had
Mycoplasma infection, six had pertussis,
and one had Chlamydia pneumoniae
infection. Twenty three children had a
viral cause of which respiratory syncytial
virus was commonest.
Conclusions—Introduction of the protocol
led to improved prescribing. PCR in-
creased the diagnostic yield and the
results support the management protocol.
(Arch Dis Child 2000;83:320–324)
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There is increasing concern about the problem
of antimicrobial resistance1 which is related to
the amount of antibiotics used.2 3 Guidelines
for treatment schedules are recommended4 and
should be based on results derived from well
designed surveillance studies.2 However, if
antibiotics must be given empirically, it is pref-
erable that eVective narrow spectrum agents
are used whenever possible.

Previous reports of the aetiology of commu-
nity acquired pneumonia have shown that the
main bacterial pathogens are Streptococcus
pneumoniae (pneumococcus) and Mycoplasma
pneumoniae,5–9 but in many cases no pathogen is
identified using routine laboratory investiga-
tions. We hypothesised that broad spectrum
agents continue to be used frequently and
inappropriately in childhood pneumonia. Fur-
thermore, we suspected that the low diagnostic
yield from conventional investigations contrib-
uted to the uncertainty about which antibiotic
to prescribe.

Only a small proportion of bacterial pneu-
monias produce a bacteraemia,10 and many
children receive antibiotics before presenting to
hospital. Therefore, blood cultures are often
negative. Direct samples can be obtained by
lung puncture or bronchiolar lavage,11 but this
is too invasive to be done routinely. Young chil-
dren are unable to produce sputum reliably.
Antigen detection in serum and urine has been
tried in several studies but results have been
conflicting with low sensitivities and
specificities.5 12 13 Serology can support a de-
finitive diagnosis but paired titres need to be
taken resulting in delay. There are over 80
strains of pneumococci and several subtypes of
Haemophilus species, making antibody testing
more complex.6 14

The development of polymerase chain reac-
tion to amplify deoxyribonucleic acid from
microorganisms oVers the possibility of a rapid
bacteriological diagnosis for clinicians. The
technique can be used on blood or respiratory
secretions and because even small amounts of
bacterial deoxyribonucleic acid can be ampli-
fied it may be more sensitive than bacterial
culture,10 14–16 particularly if antibiotics have
already been given.

The purpose of this research was twofold.
Firstly, a retrospective study was performed to
determine antibiotic prescribing patterns and
the rate of detection of pathogens using routine
investigations in community acquired pneumo-
nia in children admitted to hospital. Secondly,
a prospective study was performed to deter-
mine if prescribing could be rationalised with-
out treatment failure following the introduc-
tion of a management protocol, and whether
diagnosis could be improved by newer molecu-
lar biological techniques. This combined ap-
proach constituted a closed loop audit to show
whether clinical practice could be changed by
the introduction of a protocol.

Methods
DEFINITION

Pneumonia, for the purposes of both the initial
retrospective study and the subsequent pro-
spective study, was defined as a respiratory ill-
ness with pyrexia, absence of wheeze, and
radiological changes on the chest x ray. If the
admitting paediatrician identified radiological
abnormalities but these were not confirmed by
one of two paediatric radiologists at formal
reporting, the case was rejected. Wheezy
children were excluded as most of these would
have been viral induced wheeze and the large
numbers would have swamped the smaller
number of treatable bacterial pneumonias and
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made the study impossible logistically. Chil-
dren with chronic disease or those who had
been admitted in the previous 10 days were
excluded.

RETROSPECTIVE STUDY

Children (less than 16 years old but excluding
infants less than 1 month old) admitted to
University Hospital, Nottingham with commu-
nity acquired pneumonia between 1 September
1994 and 31 August 1995 were identified
retrospectively using International Classifi-
cation of Disease codes. All 27 ICD 10 codes
which could include cases of pneumonia were
selected and the electronic database of the hos-
pital Patient Administration System was
searched for inpatient episodes with the corre-
sponding codes. The case notes from this initial
sample were then hand searched to confirm
that our inclusion criteria were met. The type
of investigations, number of positive microbio-
logical diagnoses, and antibiotic usage before
and during admission were recorded.

Following this retrospective study a protocol
was designed to standardise the use of
microbiological investigations. The protocol
also provided guidelines for antibiotic use
based on current knowledge of likely pathogens
and their sensitivities. Benzylpenicillin was
suggested as first line intravenous treatment,
with erythromycin for children allergic to peni-
cillin. Phenoxymethylpenicillin (penicillin V)
or erythromycin was recommended orally. If a
child failed to respond to benzylpenicillin
within 48 hours, cefotaxime was suggested as
second line therapy by our clinical colleagues
who wished to cover the possibility of rarer
infections. Similarly, in children under 6
months, cefotaxime was suggested as first line
treatment. Ampicillin was recommended for
children with pneumonia and sickle cell disease
who were already taking penicillin prophylaxis.
This was the view of our colleagues on the
assumption that if the pathogen is bacterial, it
may be penicillin resistant.

PROSPECTIVE STUDY

The prospective study identified all previously
well children presenting to University Hospital,
Nottingham with the clinical and radiological
features of pneumonia during a period of one
year (1 October 1996 to 30 September 1997).
Informed consent was obtained from their par-
ents and ethical approval for the study was
obtained from the local ethics committee.

Children recruited to the study were investi-
gated according to the protocol for the
management of pneumonia agreed by the hos-
pital paediatricians (see above). Routine inves-
tigations were full blood count, C reactive pro-
tein, blood culture and acute serological titres
for common respiratory viruses (influenza A,
influenza B, para-influenza, respiratory syncy-
tial virus, adenovirus), Mycoplasma pneumo-
niae, Chlamydia species, and Legionella species.
A nasopharyngeal aspirate or throat swab was
obtained for direct immunofluorescence of the
respiratory pathogens listed above and bacte-
rial and viral culture. In addition to these rou-
tine microbiological investigations, an extra

2 ml whole blood was frozen and analysed in
batches using Pneumolysin, Mycoplasma, and
Chlamydia polymerase chain reaction and a
portion of the nasopharyngeal aspirate was
similarly analysed for Mycoplasma, Chlamy-
dia, and pertussis.17–22

Finally, the children were seen two to four
weeks later to obtain a further blood specimen
for convalescent serology. Prescribing clini-
cians had access to all the routine investigation
results but not to the polymerase chain reaction
results as these were analysed subsequently.

Results
RETROSPECTIVE STUDY

Forty two children between 1 month and 15
years were identified as having been admitted
with community acquired pneumonia in the 12
month period using International Classifi-
cation of Disease codes. Blood culture was
taken in 32 with only one positive culture
(Streptococcus pneumoniae). Acute serology was
obtained in 12 with a raised titre for Myco-
plasma in two and adenovirus in three.
However, no convalescent titres were
measured. A nasopharyngeal aspirate was
taken in seven, with respiratory syncytial virus
identified in three. The diagnostic rate of
presumed pathogens was therefore 9/42
(21%).

A wide selection of antibiotics was used by
both general practitioners and hospital doctors.
Twenty children had received an antibiotic
before admission, most commonly amoxycillin
(n = 9) or erythromycin (n = 5). Oral penicil-
lin was prescribed in only one case. Following
admission, 32 of the 42 children received intra-
venous antibiotics (table 1). Six children
received more than one intravenous antibiotic.
Forty of 42 of the children were treated subse-
quently with an oral antibiotic (table 2). Two
children received more than one oral antibiotic.

Table 1 Comparison of intravenous antibiotic use before
and after introduction of protocol for management of
community acquired pneumonia in hospital

Retrospective study*
1994–1995 (%)

Prospective study†
1996–1997 (%)

Benzylpenicillin 10 (23.8) 61 (68.5)
Erythromycin 1 (2.3) 6 (6.7)
Cefotaxime 15 (37.5) 13 (14.6)
Ampicillin 9 (21.4) 3 (3.4)
Flucloxacillin 3 (6.9) 2 (2.2)
Metronidazole 0 (0) 2 (2.2)

*32 of 42 received one or more intravenous antiobiotics.
†73 of 89 received one or more intravenous antibiotics.

Table 2 Comparison of oral antibiotic use after admission
before and after introduction of protocol for management of
community acquired pneumonia in hospital

Retrospective study*
1994–1995 (%)

Prospective study†
1996–1997 (%)

Penicillin V 6 (14.3) 43 (48)
Erythromycin 11 (26.2) 16 (17)
Amoxycillin 15 (37.5) 18 (20.2)
Cephradine 1 (2.3) 0 (0)
Co-amoxyclav 8 (19) 4 (4.5)
Metronidazole 0 (0) 2 (2.2)
Clarithromicin 1 (2.3) 0 (0)

*40 of 42 received one or more oral antibiotics.
†78 of 89 received one or more oral antibiotics.
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PROSPECTIVE STUDY

Eighty nine children (2 months to 15 years 2
months) were recruited during the 12 month
period. A microbiological diagnosis was made
in 48 children (54%), three of whom had dual
infections. Streptococcus pneumoniae was identi-
fied in seven children, Mycoplasma in 14, per-
tussis infection in six, and Chlamydia pneumo-
niae in one child. Twenty three children had
viral infections of which 12 were caused by res-
piratory syncytial virus. Three children were
found to have dual infections, two of them with
evidence of both Mycoplasma and adenovirus
and one with pneumococcus and adenovirus.

Table 3 shows the method of diagnosis for
the pneumonias identified. The use of
polymerase chain reaction increased the rate of
diagnosis of treatable pneumonias from 13% to
31%. Table 4 shows the clinical characteristics
of the children and table 5 the radiographic
findings. “Alveolar consolidation” describes
radiographic changes in lung parenchyma but
not confined to a lobar distribution. “Non-
alveolar changes” includes all other radio-
graphic abnormalities consistent with acute
infection, most commonly altered bronchovas-
cular markings but also including pleural eVu-
sion, hilar changes, etc.

Six children had nasopharyngeal carriage of
Haemophilus influenzae, three had nasopharyn-
geal Streptococcus pneumoniae, and three had
Moraxella catarrhalis. Nasal carriage of these
organisms did not correspond with the aetiolo-
gies identified through other investigations in
those children.

The protocol provided guidelines for anti-
biotic usage but no direct attempt was made by
the researchers to influence individual pre-
scribing. Tables 1 and 2 show that broad spec-
trum antibiotics were used much less fre-
quently following introduction of the antibiotic
guidelines. Twenty six of the children in the
prospective study had received an antibiotic
before admission. Following admission, 73 of
the 89 children received intravenous antibiotics
(table 1). Sixty received only one intravenous
antibiotic. Of these, 51 received benzylpenicil-
lin alone, eight received cefotaxime alone (five
because they were less than 6 months old, one
because of suspected penicillin allergy, and two
because of the clinician’s preference), and one
received erythromycin (suspected Mycoplasma
on clinical grounds). Twelve children received
two diVerent intravenous antibiotics. Causes
were: prescription error (n = 1); travel abroad
(n = 1); clinician preference (n = 1); aspiration
(n = 2); sickle cell disease (n = 2); subsequent
clinical suspicion of Mycoplasma (n = 3); and
admitted to intensive care from the ward after
deteriorating while inpatients (n = 2). Of these
latter two children, one had pertussis and in the
other no microbiological diagnosis was made.
One child received three intravenous antibiot-
ics because an empyema developed (Gram
positive cocci on microscopy but negative cul-
ture). No child was ventilated or died.

Seventy eight of 89 children were treated
with an oral antibiotic (table 2). Of these, 39
received penicillin V alone; 18 received amoxy-
cillin only and four co-amoxiclav only because
of clinician preference; and 13 received eryth-
romycin alone because of suspected Myco-
plasma. Four children received more than one
oral antibiotic. In two, erythromycin was added
because of suspicion of Mycoplasma; two chil-
dren with aspiration had penicillin and metro-
nidazole. Eleven of the 89 children received no
oral antibiotics during the admission because a
diagnosis of viral pneumonia was made, usually
based on nasopharyngeal aspirate results.

Discussion
The retrospective study showed the frequent
use of broad spectrum antibiotics by both gen-
eral practitioners and hospital paediatricians
and the variability in prescribing habits.
Routine investigation in hospital was often
inconsistent and had a very low diagnostic
yield.

In the prospective study, a pathogen was
found in 54% of children. The use of polymer-
ase chain reaction increased the diagnostic rate
from 13% to 31% for treatable causes of pneu-
monia. Clinical availability of polymerase chain
reaction could provide a rapid diagnosis and
aid rational prescribing14 and probes are
available which can detect resistant
organisms.23 17 The main disadvantage with
polymerase chain reaction is its cost.

Our study has shown that pneumococcus
and Mycoplasma are the main bacterial causes
of pneumonia and proven dual bacterial and
viral infections were not as common as
expected.24 The idea of typical (pneumococcal)
and atypical (Mycoplasma) pneumonias has

Table 3 Source of microbiological diagnosis in the prospective study of cases of community
acquired pneumonia admitted to hospital

n
Blood
culture Serology

Nasopharyngeal
aspirate

Polymerase
chain
reaction
(blood)

Polymerase
chain reaction
(nasopharyngeal
aspirate)

Streptococcus pneumoniae 7 2 7
Mycoplasma 14 9 6 2
Pertussis 6 6
Chlamydia pneumoniae 1 1 1 1
Viruses 23 11 14

Table 4 Age and inflammatory markers in the prospective study of cases of community
acquired pneumonia admitted to hospital

n
Median
age

Mean total white
cell count × 109/l
(95% CI)

Mean neutrophil
count × 109/l
(95% CI)

Mean C reactive
protein (mg/l)
(range)

Streptococcus pneumoniae 7 1y 3m 21.8 (11.7) 12.2 (9.2) 145.8 (6–302)
Mycoplasma 14 3y 11m 17.1 (5.5) 12.7 (5.7) 92.1 (6–266)
Pertussis 6 7m 11.2 (1.7) 6.6 (2.5) 81.5 (6–232)
Chlamydia pneumoniae 1 2y 9m 13 11.4 8
Viruses 23 1y 8m 13.9 (3.7) 8.4 (5.7) 70.7 (6–243)
No diagnosis 41 3y 5m 17.5 (2.9) — 118.1 (6–376)

Table 5 Radiological findings in the prospective study of
cases of community acquired pneumonia admitted to
hospital

Lobar
consolidation

Alveolar
consolidation

Non-alveolar
changes

Streptococcus pneumoniae 2 3 2
Mycoplasma 11 0 3
Pertussis 3 1 2
Chlamydia pneumoniae 1 0 0
Viruses 14 6 3
No diagnosis 29 8 4
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not been upheld. Both diagnoses may present
with lobar or interstitial features on chest x ray
although a very high white cell count and C
reactive protein is more suggestive of pneumo-
coccal pneumonia. However, table 4 shows that
the total white cell and neutrophil counts for
diVerent aetiologies overlap so much that con-
fident prediction of the microbiological cause
of the pneumonia is not possible.

The finding of pertussis in the nasopharyn-
geal aspirate of six infants was also surprising as
there had been no clinical features of pertussis
in five of the infants. The highest lymphocyte
count was only modestly raised at 6.7 × 109/l.
Three had received an incomplete immunisa-
tion course. We are not aware of any convincing
study that shows that pertussis or Legionella
species occur as “false positives” as a result of
carriage without the disease, but carriage of
Mycoplasma in the throat is increased in
healthy individuals during epidemic years.25 26

A study in adults showed that 22% of healthy
controls had Chlamydia pneumoniae detected
by polymerase chain reaction on pharyngeal
specimens.27 However, in the context of a child
presenting with a clinical diagnosis of pneumo-
nia and in the absence of other pathogens, it
seems reasonable to treat with antibiotics
Mycoplasma or Chlamydia found on naso-
pharyngeal aspirate.

The question of the sensitivity of polymerase
chain reaction (PCR) is diYcult to resolve
because the “gold standard” is usually taken as
culture proven cases. Since the point of using
PCR is to detect extra cases, if the PCR data
are compared against culture data in our study,
the assays are “100% sensitive” using this “gold
standard”. In reality, we can say that the
pnemococcal and pertussis PCRs which we
have used are more sensitive than culture as no
culture proven cases were missed by PCR but
additional cases were detected. The optimum
detection limit for PCR to maximise clinical
impact is not known, but the smaller the
number of bacteria which the assay detects, the
greater chance of false positives. The increasing
use of quantitative DNA detection methods
will obviate some of these problems by allowing
cut oV points to be determined for the quantity
of DNA which is relevant, as is the case
currently with serology.

There were no cases of Haemophilus influen-
zae infection identified by blood culture.
Unfortunately there was no PCR probe or
enzyme linked immunosorbent assay (ELISA)
kit specific for Haemophilus species available to
us. As most children recovered following peni-
cillin or erythromycin alone, this suggests that
either the Haemophilus species encountered by
our patients were sensitive to these antibiotics
or that it is not a common pathogen. The
majority of Haemophilus pneumonia is non-
type b,28 but there is no evidence of a significant
increase in non-type b Haemophilus influenzae
infection29 since the introduction of universal
immunisation against type b Haemophilus.

There is a great deal of variability in the
antibiotic treatment of pneumonia within and
between countries.30 In Britain, Davey and
colleagues31 have shown a significant increase

in antibiotic prescribing, in particular broad
spectrum antibiotics. A recent survey by the
Central Public Health Laboratory Service
suggests that penicillin resistant strains are still
uncommon in the UK.32 33 Of the 68 children
over 6 months of age who received intravenous
antibiotics, 55 (81%) recovered following ben-
zylpenicillin and/or erythromycin. In 10 there
were reasons for giving broader spectrum anti-
biotics. The data support our policy of narrow
spectrum antibiotics for community acquired
pneumonia. As first line therapy we recom-
mend intravenous benzylpenicillin or an oral
penicillin or macrolide, reserving broad spec-
trum agents for the rare treatment failures and
possibly infants under six months of age. As we
detected more Mycoplasma than pneumo-
cocci, a case could be made for penicillin and a
macrolide as the first line therapy.34 An impor-
tant aspect of audit is to confirm that the
recommended changes in management are
absorbed into routine practice. We have shown
that hospital doctors can be influenced to pre-
scribe more rationally.35–37

CONCLUSIONS

This two stage closed loop audit has shown
that, at baseline, hospital staV were prescribing
a wide range of antibiotics and detection of
pathogens was low. The use of a management
guideline showed that it is possible to improve
the prescribing habits of hospital doctors, with
75% of children receiving intravenous penicil-
lin or erythromycin compared with only 26%
before the guideline was introduced. This
reduces drug costs and, theoretically, should
reduce the likelihood of resistant organisms
developing to valuable, newer broad spectrum
antibiotics. The additional microbiological
data provided by PCR support our policy of
penicillin and/or a macrolide as initial treat-
ment of community acquired pneumonia as
the commonest bacterial pathogens were pneu-
mococci, Mycoplasma, and pertussis. Our data
show that the development of rapid detection,
“bedside” PCR kits would further aid rational
prescribing for pneumonia.
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