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A B S T R A C T

Background

Mycoplasma pneumoniae (M. pneumoniae) is a significant cause of community-acquired pneumonia in children and
adolescents. Treatment with macrolide antibiotics is recommended. However, M. pneumoniae is diEicult to diagnose based on clinical
symptoms and signs. Diagnostic uncertainty can lead to inappropriate antibiotic prescribing, which may worsen clinical prognosis and
increase antibiotic resistance.

Objectives

The objectives of this review are (i) to assess the diagnostic accuracy of symptoms and signs in the clinical recognition of M. pneumoniae
in children and adolescents with community-acquired pneumonia; and (ii) to assess the influence of potential sources of heterogeneity on
the diagnostic accuracy of symptoms and signs in the clinical recognition of M. pneumoniae.

Search methods

We searched MEDLINE (January 1950 to 26 June 2012) and EMBASE (January 1980 to 26 June 2012). We identified additional references
by handsearching the reference lists of included articles and snowballing. We searched the reference lists of relevant systematic reviews
identified by searching the Medion database, Database of Reviews of EEects 2012, Issue 6 (25 June 2012) and the Cochrane Register of
Diagnostic Test Accuracy studies (2 July 2012). Experts in the field reviewed our list of included studies for any obvious omissions.

Selection criteria

We included peer-reviewed published studies which prospectively and consecutively recruited children with community-acquired
pneumonia from any healthcare setting, confirmed the presence of M. pneumoniae using serology with or without other laboratory
methods and reported data on clinical symptoms and signs in suEicient detail to construct 2 x 2 tables.

Data collection and analysis

One review author scanned titles to exclude obviously irrelevant articles. Two review authors independently scanned the remaining titles
and abstracts, reviewed full-text versions of potentially relevant articles, assessed the quality of included articles and extracted data on
study characteristics and the following clinical features: cough, wheeze, coryza, crepitations, fever, rhonchi, shortness of breath, chest
pain, diarrhea, myalgia and headache.
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We calculated study-specific values for sensitivity, specificity and positive and negative likelihood ratios with 95% confidence intervals
(CIs). We estimated the post-test probability of M. pneumoniae based on the absence or presence of symptoms and signs.

We calculated pooled sensitivities, specificities, positive and negative likelihood ratios with 95% CIs for symptoms and signs where data
were reported by at least four included studies by fitting a bivariate normal model for the logit transforms of sensitivity and specificity. We
explored potential sources of heterogeneity by fitting bivariate models with covariates using multi-level mixed-eEects logistic regression.
We performed sensitivity analyses excluding data from studies for which we were concerned about the representativeness of the study
population and/or the acceptability of the reference standard.

Main results

Our search identified 8299 articles (excluding duplicates).  We examined the titles and abstracts of 1125 articles and the full-text
versions of 97 articles. We included seven studies in our review, which reported data from 1491 children; all were conducted in hospital
settings.  Overall, study quality was moderate.  In two studies the presence of chest pain more than doubled the probability of M.
pneumoniae. Wheeze was 12% more likely to be absent in children with M. pneumoniae (pooled positive likelihood ratio (LR+) 0.76, 95%
CI 0.60 to 0.97; pooled negative likelihood ratio (LR-) 1.12, 95% CI 1.02 to 1.23). Our sensitivity analysis showed that the presence of
crepitations was associated with M. pneumoniae, but this finding was of borderline statistical significance (pooled LR+ 1.10, 95% CI 0.99
to 1.23; pooled LR- 0.66, 95% CI 0.46 to 0.96).

Authors' conclusions

M. pneumoniae cannot be reliably diagnosed in children and adolescents with community-acquired pneumonia based on clinical
symptoms and signs. Although the absence of wheeze is a statistically significant diagnostic indicator, it does not have suEicient diagnostic
value to guide empirical macrolide treatment. Data from two studies suggest that the presence of chest pain more than doubles the
probability of M. pneumoniae. However, further research is needed to substantiate this finding. More high quality large-scale studies in
primary care settings are needed to help develop prediction rules based on epidemiological data as well as clinical and baseline patient
characteristics.

P L A I N   L A N G U A G E   S U M M A R Y

Clinical symptoms and signs for the diagnosis of Mycoplasma pneumoniae in children and adolescents with community-acquired
pneumonia

Chest infections are among the commonest reasons why children and young people go to see their doctor or nurse. At the moment, it
is diEicult for doctors and nurses to tell patients what type of infection they have based on their symptoms and signs. This can result
in antibiotics being prescribed or withheld inappropriately. Mycoplasma pneumoniae (M. pneumoniae) is an important bacterial cause
of chest infections in children and adolescents. This review assesses the value of clinical symptoms and signs in helping doctors and
nurses decide whether a child or young person might have a chest infection caused by M. pneumoniae. We analysed data from seven
studies including a total of 1491 children, all of which were conducted in hospital settings. We found that the presence of wheeze makes M.
pneumoniae slightly less likely and the presence of crepitations (i.e. crackles heard on listening to the chest) makes M. pneumoniae slightly
more likely. However, these clinical features are not suEiciently helpful to guide decisions about prescribing antibiotics for possible M.
pneumoniae infections. Based on the results of two studies, the presence of chest pain doubles the likelihood of M. pneumoniae. However,
further research in this area is needed, particularly in general practice and outpatient populations.
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S U M M A R Y   O F   F I N D I N G S

 

Summary of findings 1.   Overview of studies and population characteristics

Patients/populations Children and adolescents aged 18 years or younger diagnosed with community-acquired pneumo-
nia based on clinical +/- radiological criteria. No evidence of serious underlying co-morbidity or im-
munocompromise

Settings All included studies were conducted in hospital settings

Index tests Clinical symptoms and signs: cough, wheeze, coryza, crepitations, fever, rhonchi, shortness of
breath, headache, chest pain, diarrhea and myalgia

Reference standard M. pneumoniae serology (i.e. high antibody titre on a single serum sample or a significant rise in an-
tibody titre between paired acute and convalescent sera) with or without the use of additional lab-
oratory tests such as culture or polymerase chain reaction (PCR) analysis

Importance M. pneumoniae cannot be reliably diagnosed in children and adolescents with community-ac-
quired pneumonia based on the absence or presence of individual clinical symptoms and signs.
Absence of wheeze is a statistically significant diagnostic indicator, but does not have sufficient di-
agnostic value to guide empirical macrolide antibiotic treatment. Absence of wheeze is only 12%
more likely in M. pneumoniae-positive versus M. pneumoniae-negative children. If empirical an-
tibiotic treatment was given to children with community-acquired pneumonia in whom wheeze
was not reported, 61% to 89% of children receiving antibiotics would be M. pneumoniae-negative
(based on M. pneumoniae prevalence of 10% to 36%) and antibiotics would be withheld from 25%
of M. pneumoniae-positive children

Studies Published peer-reviewed studies (any design) including prospectively and consecutively recruited
cohorts of children with community-acquired pneumonia from any healthcare setting. This review
included 7 studies which reported data on 1491 children

Quality concerns The most common concern was unclear reporting of baseline study population characteristics. We
had concerns about the spectrum of patients recruited and the validity of the reference standard in
one study (Agarwal 2009)

 
 

Summary of findings 2.   Diagnostic value of clinical symptoms and signs - pooled results with 95% confidence
intervals

Clinical feature

(n = number of studies)

Sensitivity Specificity Positive likelihood ratio Negative likelihood ra-
tio

Cough (n = 5) 0.89 (0.67 to 0.97) 0.15 (0.05 to 0.37) 1.04 (0.95 to 1.13) 0.78 (0.44 to 1.39)

Wheeze (n = 6)* 0.25 (0.17 to 0.36) 0.67 (0.56 to 0.76) 0.76 (0.60 to 0.97) 1.12 (1.02 to 1.23)

Coryza (n = 4) 0.32 (0.08 to 0.72) 0.66 (0.28 to 0.91) 0.95 (0.71 to 1.26) 1.03 (0.90 to 1.17)

Crepitations (n = 5)** 0.84 (0.78 to 0.88) 0.22 (0.14 to 0.32) 1.06 (0.96 to 1.18) 0.77 (0.52 to 1.12)

*The absence of wheeze remained a statistically significant diagnostic indicator when M. pneumoniae was diagnosed based on serology
only (pooled LR+ 0.68, 95% CI 0.50 to 0.92; pooled LR- 1.24, 95% 1.03 to 1.51) (Chan 2001; Somer 2006). However, the absence of wheeze was
no longer a statistically significant diagnostic indicator based on data from studies which used other laboratory tests alongside serology
to diagnose M. pneumoniae (pooled LR+ 0.84, 95% CI 0.63 to 1.12; pooled LR- 1.06, 95% CI 0.96 to 1.18).
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**Our sensitivity analysis excluding data from Agarwal 2009 found that the presence of crepitations was a weak diagnostic indicator of
borderline statistical significance (pooled LR+ 1.10, 95% CI 0.99 to 1.23; pooled LR- 0.66, 95% CI 0.46 to 0.96).
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B A C K G R O U N D

Target condition being diagnosed

Mycoplasma pneumoniae (M. pneumoniae) is a significant and
treatable cause of respiratory tract infections in children
and adolescents. Data from previous studies suggest that M.
pneumoniae is responsible for up to 40% of community-acquired
pneumonia in children over five years of age (Don 2005; Heiskanen-
Kosma 1998; Korppi 2004) and its highest incidence is found in
the five to nine-year age group (4 per 1000 children per year)
(Hammerschlag 2001). M. pneumoniae tends to occur in epidemics
lasting 12 to 15 months, which happen at approximately four-
yearly intervals (Chalker 2011; Hammerschlag 2001). Estimates of
the prevalence of M. pneumoniae are therefore extremely variable,
ranging from 1% during endemic periods (Sopena 1999) to 50%
during outbreaks within closed institutional settings (Broome
1980).

At the moment, M. pneumoniae is diagnosed retrospectively using
laboratory methods. However, there is no single 'gold standard' for
laboratory diagnosis of M. pneumoniae. Serology is currently the
most widely available method. Serological assays may be based on
a single high antibody titre or on paired acute and convalescent
serum samples taken two to four weeks apart (Loens 2010). Other
laboratory methods include culture and polymerase chain reaction
(PCR). Culture can take several weeks and has poor sensitivity
(Loens 2010). PCR techniques are more rapid and more sensitive
than serology at detecting acute M. pneumoniae infections but are
less widely available (Nilsson 2008).

Index test(s)

In this review, our index tests were clinical symptoms and signs:
cough, wheeze, coryza (nasal symptoms, including runny nose,
nasal congestion and sneezing), crepitations (crackles audible on
chest examination), fever (reported as a symptom or according to
temperature threshold defined in study), rhonchi (wheeze audible
on chest examination), shortness of breath, chest pain, diarrhea,
myalgia (muscle aches) and headache. These clinical features have
been reported in several case series of children with laboratory-
confirmed M. pneumoniae (Hsieh 2007; Othman 2005; Stevens
1978). This review formally assesses the diagnostic value of these
symptoms and signs individually in the clinical recognition of M.
pneumoniae in children and adolescents with community-acquired
pneumonia.

Alternative test(s)

There are no alternative tests applicable to this review, since a range
of clinical symptoms and signs are being studied.

Rationale

Acute respiratory tract infections represent one of the
commonest reasons for medical consultations and prescription
of antibiotics. Despite the recommendations of recent guidelines
(NICE 2008), almost two-thirds of consultations for respiratory
tract infections still result in antibiotic prescribing (Gulliford
2009). M. pneumoniae is an important cause of respiratory tract
infections in children and adolescents. Macrolide antibiotics are
recommended for the treatment of suspected M. pneumoniae
infections (BTS 2011). However, it is diEicult for clinicians to give
patients accurate prognostic information or decide on appropriate

antibiotic treatment in the absence of a microbiological diagnosis
(Butler 2004).  Diagnostic uncertainty can lead to inappropriate
antibiotic prescribing, which may worsen clinical prognosis and
increase antibiotic resistance within both communities (Goossens
2005) and individuals (Chung 2007). Macrolide-resistant strains of
M. pneumoniae have recently been reported in France (Pereyre
2007), Japan (Morozumi 2008), Germany (Dumke 2010), Israel
(Averbuch 2011) and China (Zhao 2012).

This review will help us assess whether the absence or presence
of symptoms and signs might help clinicians decide which
children with clinically suspected community-acquired pneumonia
are most (and least) likely to benefit from empirical macrolide
treatment at the time of initial presentation, when the results of
laboratory tests for M. pneumoniae are not available.

O B J E C T I V E S

To assess the diagnostic accuracy of symptoms and signs in the
clinical recognition of M. pneumoniae in children and adolescents
with community-acquired pneumonia.

Secondary objectives

To assess the influence of potential sources of heterogeneity on
the diagnostic accuracy of symptoms and signs in the clinical
recognition of M. pneumoniae in children and adolescents with
community-acquired pneumonia.

Investigation of sources of heterogeneity

We investigated the use of other laboratory investigations (such as
culture and PCR) alongside serology to diagnose M. pneumoniae.

M E T H O D S

Criteria for considering studies for this review

Types of studies

Published peer-reviewed studies (any design) including
prospectively and consecutively recruited cohorts of children with
community-acquired pneumonia in any healthcare setting.

Participants

Participants aged 18 years or younger with no evidence
of serious underlying comorbidity (e.g. cystic fibrosis,
bronchiectasis, neoplasia) or immunocompromise (HIV-positive or
on immunosuppressant medication), who have been diagnosed
with community-acquired pneumonia based on clinical +/-
radiological criteria.

Index tests

Clinical symptoms and signs reported in children and
adolescents diagnosed with community-acquired pneumonia:
cough, wheeze, coryza (nasal symptoms, including runny nose,
nasal congestion and sneezing), crepitations (crackles audible on
chest examination), fever (reported as a symptom or according to
temperature threshold defined in study), rhonchi (wheeze audible
on chest examination), shortness of breath, chest pain, diarrhea,
myalgia (muscle aches) and headache.

Comparator tests

None.

Clinical symptoms and signs for the diagnosis of Mycoplasma pneumoniae in children and adolescents with community-acquired
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Target conditions

M. pneumoniae infection in children and adolescents with
community-acquired pneumonia.

Reference standards

Our reference standard was M. pneumoniae serology with or
without the use of additional laboratory tests such as culture or
PCR. M. pneumoniae serology is currently the most widely available
diagnostic method. We defined a positive M. pneumoniae serology
result as either a high antibody titre on a single serum sample
or a significant rise in antibody titre between paired acute and
convalescent sera, as defined by the manufacturers of the serology
assay(s) being used in diEerent studies.

Search methods for identification of studies

Electronic searches

We searched MEDLINE (January 1950 to 26 June 2012) and EMBASE
(January 1980 to 26 June 2012) for suitable articles. Appendix 1 and
Appendix 2 contain details of our electronic search strategies. We
did not apply any language or publication restrictions to our search.

Searching other resources

We supplemented our electronic search by handsearching the
reference lists of included studies and snowballing (i.e. reviewing
full texts and reference lists of articles cited by previously
identified publications).  We also searched the Medion database
(http://www.mediondatabase.nl) (25 June 2012), Database of
Reviews of EEects 2012, Issue 6 (part of T he Cochrane Library,
www.thecochranelibrary.com (accessed 25 June 2012) and the
Cochrane Register of Diagnostic Test Accuracy studies (2 July 2012)
to identify systematic reviews whose reference lists might provide
additional references. We asked experts in the field to review our
list of included studies for any obvious omissions.

Data collection and analysis

Selection of studies

We selected peer-reviewed published studies (any design) which
included prospectively and consecutively recruited cohorts of
children with community-acquired pneumonia in any healthcare
setting and which reported data on clinical symptoms and
signs in these children in suEicient detail for us to construct
2 x 2 tables. We excluded case reports, case series, systematic
reviews and narrative reviews. We also excluded studies with
unsuitable comparison groups (i.e. non-consecutively recruited
M. pneumoniae-negative controls or participants with a diEerent
laboratory-confirmed microbial diagnosis) because assessments
of the diagnostic value of symptoms and signs are likely to be
distorted in these types of study populations.

We included studies which confirmed the diagnosis of M.
pneumoniae using serology based on single serum samples or
paired acute and convalescent sera with or without the use
of additional laboratory methods such as culture or PCR (see
Reference standards).

One review author (KW) scanned the titles of studies identified by
our search to exclude any obviously irrelevant articles. Two review
authors (KW, PG) independently scanned the titles and abstracts of
the remaining studies and reviewed full-text versions of potentially

relevant articles. We resolved any disagreements by discussion, if
necessary with a third review author (DM or AH).

Data extraction and management

Two review authors (KW, PG) independently extracted data on
study characteristics (study design, age and sex of participants,
study inclusion and exclusion criteria, number of participants
recruited, recruitment period, country(ies) where recruitment
took place, healthcare setting, criteria for diagnosing community-
acquired pneumonia, laboratory methods used to diagnose
M. pneumoniae, number of participants diagnosed with M.
pneumoniae) and clinical symptoms and signs. We constructed 2
x 2 tables for clinical symptoms and signs (see Statistical analysis
and data synthesis section for further details). We resolved any
discrepancies by discussion, if necessary with a third review author
(RP).

Assessment of methodological quality

Two review authors (KW, PG) independently assessed the quality
of included articles. We resolved any disagreements by consensus.
Table 1 outlines details of our quality assessment tool and coding
criteria based on the QUADAS tool (Reitsma 2009).

Statistical analysis and data synthesis

We constructed 2 x 2 tables for each study we included in our
review, cross-classifying the absence or presence of M. pneumoniae
with the absence or presence of clinical symptoms and signs. We
used these tables to calculate study-specific values for sensitivity,
specificity and positive and negative likelihood ratios. We also
examined how the prevalence of M. pneumoniae in the study
population influences the post-test probability of M. pneumoniae
based on the absence or presence of diEerent symptoms and signs
(Van den Bruel 2010).

We calculated pooled sensitivities, specificities, positive and
negative likelihood ratios with 95% confidence intervals (CIs) for
clinical symptoms and signs where data were reported by at least
four included studies, by fitting a bivariate normal model for
the logit transforms of sensitivity and specificity (Leeflang 2008).
We obtained  estimates from these models using the command
metandi (meta-analysis of diagnostic accuracy) in Stata version
11. We obtained summary estimates for positive and negative
likelihood ratios directly from the summary estimates of sensitivity
and specificity.

Investigations of heterogeneity

We planned to explore the following potential sources of
heterogeneity by fitting bivariate models with covariates using
multi-level mixed-eEects logistic regression (xtmelogit) in Stata
version 11:

1. Participant age group (preschool (up to four years of age) versus
school age (five to 12 years of age) versus adolescents (13 to 18
years of age))*.

2. Healthcare setting (community versus hospital).

3. Method of diagnosing community-acquired pneumonia (based
on clinical criteria only versus based on clinical and radiological
criteria).

Clinical symptoms and signs for the diagnosis of Mycoplasma pneumoniae in children and adolescents with community-acquired
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4. Serological method of diagnosing M. pneumoniae (high
antibody titre on single serum sample versus significant rise in
antibody titre between acute and convalescent sera).

5. Use of other laboratory investigations (such as culture or PCR)
alongside serology to diagnose M. pneumoniae.

*We only planned to investigate heterogeneity if clinical symptoms
and signs were reported in suEicient detail within studies to
construct 2 x 2 tables in our specified age categories.

Sensitivity analyses

We used sensitivity analyses to explore the influence of
negative classification of items 1 (representative spectrum) and
2 (acceptable reference standard) of our quality assessment tool
(Table 1).

Assessment of reporting bias

We did not undertake any formal assessment of reporting bias
in our review due to current uncertainty about how to assess
reporting bias in diagnostic test accuracy reviews (Deeks 2005).

R E S U L T S

Results of the search

Figure 1 summarises the numbers of articles that we identified,
screened and selected for this review. We identified 8299 articles
(excluding duplicates) in the search, of which we excluded 7174
based on title alone.  We excluded a further 1028 articles aRer
reviewing their abstracts.  We reviewed full-text versions of the
remaining 97 articles.  We included seven studies in our review.
Agreement was very good based on title and abstract screening
(% agreement = 97.2%; kappa = 0.84) and good based on full-text
screening (% agreement = 93.8%; kappa = 0.67).
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Figure 1.   Study flow diagram.
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Our Characteristics of excluded studies table lists the studies
which we excluded aRer full-text screening and the reasons for
excluding these studies. We excluded studies for four main reasons:
unsuitable population, inadequate reporting of clinical symptoms
and signs, lack of suitable comparator group or lack of laboratory
testing for M. pneumoniae.

Unsuitable population: We excluded three studies performed
in adult populations (De Roux 2006; Javier Alvarez 2001;
Marrie 2005) and two studies whose populations we felt
were highly likely to include children with serious underlying
comorbidity or immunocompromise (Samransamruajkit 2008;
Vervloet 2010). One study did not recruit children with community-
acquired pneumonia (King 1991). Four studies recruited patients
with diEerent types of acute respiratory infections, including
pneumonia, but did not report symptoms and signs in patients
with community-acquired pneumonia specifically (Almasri 2011;
Peng 2009; Pocheville Guruceta 1998; Shenoy 2005). One study did
not recruit children consecutively; only children with community-
acquired pneumonia in whom bacterial pathogens M. pneumoniae
and C. pneumoniae were felt to be the causative organisms aRer
clinical examination were included (Bamba 2006). In two studies,
no M. pneumoniae cases were detected (Hortal 1994; Manfredi
1992).

Inadequate reporting of clinical symptoms and signs: We excluded
33 studies because they did not report any data on clinical
symptoms or signs. We excluded a further 24 studies, which did
report data on clinical symptoms and signs, but not in suEicient
detail for us to be able to construct 2 x 2 tables.

Lack of suitable comparator group: Twelve studies were case
series with no comparator group, which only reported data on
clinical features in patients with M. pneumoniae (Broome 1980;
Bunnag 2008; Defilippi 2008; Dular 1987; Gomez Campdera 2002;
Guggenbichler 1977; Kurz 2011; Pereyre 2012; Putman 1975;
Sakurai 1988; Touati 2010; Unay 2002). Five studies had unsuitable
M. pneumoniae-negative comparison groups consisting of patients
with Chlamydia pneumoniae (C. pneumoniae) (Esposito 2001;
Kicinski 2011; Ouchi 1999; Sidal 2007) or other microbial diagnoses
(Nakayama 2007).

Lack of laboratory testing for M. pneumoniae: Three studies did
not perform laboratory tests for M. pneumoniae (Gimenez Sanchez
2007; Holmes 2001; Rahman 1990).

Summary of findings 1 gives an overview of the characteristics of
studies included in this review. We included seven studies in our
review which included a total of 1491 children with community-

acquired pneumonia (Agarwal 2009; Chan 2001; Deerojanawong
2006; Kumar 2011; Maheshwari 2011; Principi 2001; Somer
2006). The prevalence of M. pneumoniae in these study populations
ranged from 10% (Agarwal 2009) to 36% (Kumar 2011; Principi
2001). All of our included studies were prospective observational
cohort studies conducted in hospital settings.  Somer 2006 was
nested within a larger prospective study evaluating the incidence
of bacterial and atypical pathogens in hospitalised children with
community-acquired pneumonia.

Agarwal 2009 recruited children with severe community-acquired
pneumonia based on clinical features.  Chan 2001 diagnosed
children with community-acquired pneumonia based on the
presence of respiratory symptoms and respiratory signs or
chest radiograph changes.  All other studies diagnosed children
with community-acquired pneumonia based on both clinical
and radiographic features.  Two studies only used serology to
diagnose M. pneumoniae (Chan 2001; Somer 2006).  Four studies
also used PCR of respiratory samples to detect M. pneumoniae.
Maheshwari 2011 analyzed throat swabs, Kumar 2011 and Principi
2001 analyzed nasopharyngeal aspirates and Deerojanawong
2006 analyzed nasopharyngeal aspirates, sputum and throat
swabs. Agarwal 2009 performed M. pneumoniae antigen detection
in nasopharyngeal aspirate as well as serology.  Only Agarwal
2009 diagnosed M. pneumoniae based on a single acute serum
sample. All other included studies sought to obtain paired serum
samples from participants.

Methodological quality of included studies

The methodological quality of included studies is summarised
in Figure 2. Only two studies clearly reported that
children with serious underlying co-morbidity or who were
immunocompromised were excluded from the study population
(Principi 2001; Somer 2006). One study included 51/245 children
with asthma (21%) but only nine children (4%) with serious co-
morbidities (seven children had congestive heart failure, one had
hepatic disease and one had renal impairment) (Deerojanawong
2006). In three studies it was unclear whether or not a
representative spectrum of patients had been recruited (Chan
2001; Kumar 2011; Maheshwari 2011). These studies did not
state whether or not children with comorbid conditions were
excluded, or report data on co-morbidities or clinical outcomes.
One study only recruited children with severe community-acquired
pneumonia based on World Health Organization (WHO) clinical
criteria (Agarwal 2009); we therefore did not consider this study
population to reflect a representative spectrum of children with
community-acquired pneumonia.
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Figure 2.   Methodological quality summary: review authors' judgements about each methodological quality item
for each included study.

 
All except one of our included studies utilised acceptable reference
standards for diagnosing M. pneumoniae. In two studies M.
pneumoniae was diagnosed based on a single high antibody titre
or a fourfold rise in antibody titre between acute and convalescent
serum samples taken two to four weeks apart (Chan 2001; Somer
2006). Deerojanawong 2006 diagnosed M. pneumoniae based on
a fourfold rise in antibody titre between acute and convalescent
sera or a positive PCR result together with a persistently high
antibody titre. Children with a positive PCR result in the absence of
serological evidence of M. pneumoniae infection were considered
to be carriers of M. pneumoniae and were therefore not categorised
as having current M. pneumoniae infection.

In three studies children with positive PCR results were diagnosed
with M. pneumoniae even in the absence of positive serology
results (Kumar 2011; Maheshwari 2011; Principi 2001). However,
the numbers of children who tested positive for M. pneumoniae

on PCR but not on serology were low. In Kumar 2011 PCR
was positive in 20 children of whom only three did not have
serological evidence of M. pneumoniae. In Maheshwari 2011 PCR
was positive in five children of whom only one did not have
serological evidence of M. pneumoniae. Principi 2001 reported
that 16 children with community-acquired lower respiratory tract
infections (acute bronchitis, wheezing or pneumonia) had positive
PCR results without serological evidence of acute infection. The
study did not report how many of these children were in the
pneumonia subgroup, of whom 36% (150/418) were diagnosed
with M. pneumoniae. However, even if all 16 children had been
in this subgroup, they would only have accounted for 11% of
M. pneumoniae diagnoses in children with community-acquired
pneumonia.

One study used antigen detection of M. pneumoniae in
nasopharyngeal aspirate alongside serology as its reference
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standard (Agarwal 2009). However, it was unclear whether or not
this reference standard was acceptable, as no children tested
positive for M. pneumoniae using both laboratory methods. Of the
24 children who were diagnosed with M. pneumoniae, 14 were
positive by serology and 10 by antigen detection in nasopharyngeal
aspirate.

All of our included studies avoided partial and diEerential
verification. Deerojanawong 2006 obtained paired serum samples
from 245/257 children; the 12 children from whom convalescent
serum samples could not be obtained were excluded from the
study population. Somer 2006 obtained paired serum samples
from 140/159 children; the 19 children from whom convalescent
serum samples could not be obtained were excluded from the
study population. Maheshwari 2011 sought to obtain convalescent
serum samples from all 75 children who entered the study, but only
managed this in 45 children. Children from whom convalescent
serum samples were not obtained were still included in the study
population. Only 2/23 children in whom M. pneumoniae was
detected were diagnosed on the basis of a fourfold rise in antibody
titre alone.

Only one study clearly reported that acute serum samples were
obtained within 24 hours of hospital admission, when clinical
symptoms and signs were assessed (Somer 2006). We were unable
to assess whether or not the delay between assessment of clinical
symptoms and signs and obtaining samples for M. pneumoniae
detection was acceptable in five studies, as these did not report
the time interval between clinical assessment and sample-taking
(Agarwal 2009; Chan 2001; Deerojanawong 2006; Kumar 2011;
Maheshwari 2011). Principi 2001 reported that symptoms and
signs were recorded at the time of hospital admission, whereas
laboratory samples were taken at the time of enrolment into the
study. The mean duration of hospitalisation ranged from 5.68
days in children with neither M. pneumoniae nor C. pneumoniae
infection, to 6.63 days in children with both infections. We
therefore considered that the delay between clinical assessment
and laboratory sample taking was unacceptable in this study.

All of our included studies avoided incorporation bias, as M.
pneumoniae was diagnosed based on laboratory test results and

not on the absence or presence of clinical symptoms or signs.
We also considered that blinding of the reference standard took
place in our included studies. Somer 2006 reported that clinical
assessment was performed at the time of hospital admission,
when the results of convalescent serum samples would not have
been available. Five other studies also sought convalescent serum
samples from children, the results of which would not have been
available during the acute community-acquired pneumonia illness
episode, when clinical symptoms and signs were recorded (Chan
2001; Deerojanawong 2006; Kumar 2011; Maheshwari 2011; Principi
2001). Agarwal 2009 only obtained acute laboratory samples but
the results of these would not have been available on admission,
when clinical symptoms and signs were recorded.

No studies explicitly reported that interpretation of laboratory tests
was performed blinded to knowledge about clinical symptoms
and signs. However, in four studies, we felt that this is unlikely to
have occurred, since clear laboratory criteria and antibody titre
thresholds were specified as being diagnostic of M. pneumoniae
(Chan 2001; Deerojanawong 2006; Principi 2001; Somer 2006).
Blinding to clinical symptoms and signs was unclear in three
studies, which did not report diagnostic antibody titre thresholds
(Agarwal 2009; Kumar 2011; Maheshwari 2011). None of our
included studies reported borderline or uninterpretable serology
results. The five studies which used additional laboratory methods
alongside serology to diagnose M. pneumoniae all reported data
on participants with discrepant results on diEerent tests (Agarwal
2009; Deerojanawong 2006; Kumar 2011; Maheshwari 2011; Principi
2001). However, Principi 2001 did not report the number of
discrepant test results within the pneumonia subgroup.

Findings

Figure 3 summarises study-specific values for the sensitivities and
specificities of cough, wheeze, coryza, crepitations, fever, rhonchi,
shortness of breath, chest pain, diarrhea and myalgia with 95%
CIs. For cough, coryza, fever and rhonchi, sensitivity and specificity
varied widely between diEerent studies. In particular, the variation
in study-specific specificity values was 20-fold for fever (0.02 to
0.43) and 50-fold for cough (0.01 to 0.47). There was a 10-fold
variation in study-specific sensitivity for coryza (0.08 to 0.85).
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Figure 3.   Forest plot of tests: 1 Cough, 2 Wheeze, 3 Coryza, 4 Crepitations, 5 Fever, 6 Rhonchi, 7 Shortness of breath,
8 Headache, 9 Chest pain, 10 Diarrhoea, 11 Myalgia.
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Figure 3.   (Continued)

 
Table 2 shows that rhonchi were 32% more likely to be present
in children with M. pneumoniae in one study (pooled positive
likelihood ratio (LR+) 1.32, 95% confidence interval (CI) 1.07 to 1.64;
pooled negative likelihood ratio (LR-) 0.59, 95% CI 0.37 to 0.94)
(Kumar 2011) but 10% more likely to be absent in children with M.
pneumoniae in another study (LR+ 0.57, 95% CI 0.34 to 0.97; LR-
1.10, 95% CI 1.01 to 1.19) (Principi 2001). Table 2 also shows that
in two studies the presence of chest pain more than doubled the
probability of M. pneumoniae in children with community-acquired
pneumonia (Agarwal 2009, Deerojanawong 2006). The presence of
chest pain increased the probability of M. pneumoniae from 10% to
22% in one study (Agarwal 2009) and from 15% to 33% in the other
study (Deerojanawong 2006).

We were able to obtain pooled estimates for cough, wheeze, coryza
and crepitations (Summary of findings 2). Five studies reported
data on cough (Agarwal 2009; Kumar 2011; Maheshwari 2011;
Principi 2001; Somer 2006), six studies on wheeze (Agarwal 2009;
Chan 2001; Deerojanawong 2006; Maheshwari 2011; Principi 2001;

Somer 2006), four studies on coryza (Kumar 2011; Maheshwari
2011; Principi 2001; Somer 2006) and five studies on crepitations
(Agarwal 2009; Deerojanawong 2006; Maheshwari 2011; Principi
2001; Somer 2006).

Cough (Figure 4) and crepitations (Figure 5) were sensitive but
poorly specific indicators of M. pneumoniae (Cough: pooled
sensitivity 0.89, 95% confidence interval (CI) 0.67 to 0.97; pooled
specificity 0.15, 95% CI 0.05 to 0.37. Crepitations: pooled sensitivity
0.84, 95% CI 0.78 to 0.88; pooled specificity 0.22, 95% CI 0.14 to
0.32). The performance of coryza as a diagnostic indicator was no
better than chance (Figure 6; pooled sensitivity 0.32, 95% CI 0.08
to 0.72; pooled specificity 0.66, 95% CI 0.28 to 0.91). Wheeze had
poor sensitivity but moderate specificity (pooled sensitivity 0.25,
95% CI 0.17 to 0.36; pooled specificity 0.67, 95% CI 0.56 to 0.76).
The summary curve for wheeze was below the diagonal, indicating
that absence, rather than presence, of wheeze may indicate M.
pneumoniae infection (Figure 7).
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Figure 4.   Summary ROC plot of cough (black dot - summary point; black dotted line - 95% confidence region for
summary point; black solid line - summary ROC curve)
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Figure 5.   Summary ROC plot of crepitations (black dot - summary point; black dotted line - 95% confidence region
for summary point; black solid line - summary ROC curve)
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Figure 6.   Summary ROC plot of coryza (black dot - summary point; black dotted line - 95% confidence region for
summary point; black solid line - summary ROC curve)
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Figure 7.   Summary ROC Plot of Wheeze (black dot - summary point; black dotted line - 95% confidence region for
summary point; black solid line - summary ROC curve)

 
Although four studies reported data on rhonchi (Deerojanawong
2006; Kumar 2011; Maheshwari 2011; Principi 2001), the model
failed to converge to a summary estimate. This failure to converge
could have been due to the small number of studies combined with
the data reported for the individual studies and is a well-known
problem in these models (Macaskill 2010).

Wheeze was 12% more likely to be absent in children with M.
pneumoniae (pooled LR+ 0.76, 95% CI 0.60 to 0.97; pooled LR-
1.12, 95% CI 1.02 to 1.23). We performed a sensitivity analysis
excluding Agarwal 2009 because we did not feel that this study
recruited a representative spectrum of patients (only children
with severe community-acquired pneumonia included) and had

concerns about the acceptability of the reference standard (no
children tested positive for M. pneumoniae on both IgM serology
and antigen detection in nasopharyngeal aspirate). However, this
sensitivity analysis did not change our findings (pooled LR+ 0.75,
95% CI 0.58 to 0.98; pooled LR- 1.11, 95% CI 1.01 to 1.23). Our
findings also did not change when we analyzed data from studies in
which M. pneumoniae was diagnosed using serology only (pooled
LR+ 0.68, 95% CI 0.50 to 0.92; pooled LR- 1.24, 95% 1.03 to 1.51)
(Chan 2001; Somer 2006). However, wheeze was not a statistically
significant diagnostic indicator based on data from studies which
used other laboratory tests alongside serology to diagnose M.
pneumoniae (pooled LR+ 0.84, 95% CI 0.63 to 1.12; pooled LR-
1.06, 95% CI 0.96 to 1.18) (Agarwal 2009; Deerojanawong 2006;
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Maheshwari 2011; Principi 2001). Figure 8 summarises individual
and pooled sensitivity and specificity values for wheeze based on

data from studies which diagnosed M. pneumoniae using serology
only versus other laboratory tests alongside serology.

 

Figure 8.   Summary ROC plot of wheeze including summary points (black dot - summary point for studies which
diagnosed M. pneumoniae using serology only; red dot - summary point for studies which diagnosed M. pneumoniae
using serology plus additional laboratory methods; red dotted line - 95% confidence region for summary point
calculated using data from studies which diagnosed M. pneumoniae using serology plus additional laboratory
methods).

 
We did not investigate the influence of methods of diagnosing
community-acquired pneumonia or serological methods of
diagnosing M. pneumoniae since Agarwal 2009 was the only study
reporting data on wheeze which diagnosed community-acquired
pneumonia based on clinical criteria only and diagnosed M.
pneumoniae using a single high antibody titre; we had already
excluded data from Agarwal 2009 during our sensitivity analysis.

Data were not suEicient to perform investigations of heterogeneity
for any other clinical symptoms or signs apart from wheeze. It
was not possible to explore the influence of healthcare setting
or participant age group because all the studies included in this
review were conducted in hospital settings and did not report data
stratified according to our age groups of interest.
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The presence of crepitations was not a statistically significant
indicator of M. pneumoniae (pooled LR+ 1.06, 95% CI 0.96 to 1.18;
pooled LR- 0.77, 95% CI 0.52 to 1.12). However, when we performed
a sensitivity analysis excluding data from Agarwal 2009 we found
that the presence of crepitations was a diagnostic indicator of M.
pneumoniae, although this finding was only of borderline statistical
significance (pooled LR+ 1.10, 95% CI 0.99 to 1.23; pooled LR- 0.66,
95% CI 0.46 to 0.96).

Five studies reported data on fever (Agarwal 2009; Deerojanawong
2006; Kumar 2011; Principi 2001; Somer 2006). However, we were
only able fit a bivariate model when we performed a sensitivity
analysis excluding data from Agarwal 2009 as the model did not
converge when all five studies were included. Fever had high
sensitivity (pooled sensitivity 0.85, 95% CI 0.63 to 0.95) but poor
specificity (pooled specificity 0.15, 95% CI 0.05 to 0.38). Overall,
fever was not a useful diagnostic indicator (pooled LR+ 1.00, 95% CI
0.94 to 1.07; pooled LR- 1.00, 95% CI 0.70 to 1.44).

Coryza and cough were not useful diagnostic indicators of M.
pneumoniae (coryza: pooled LR+ 0.95, 95% CI 0.71 to 1.26; pooled
LR- 1.03, 95% CI 0.90 to 1.17. Cough: pooled LR+ 1.04, 95% CI 0.95 to
1.13; pooled LR- 0.78, 95% CI 0.44 to 1.39). We attempted to perform
a sensitivity analysis of data on cough excluding Agarwal 2009.
However, we were unable to obtain a summary measure from the
four remaining studies using the bivariate model as the algorithm
failed to converge.

D I S C U S S I O N

Summary of main results

There is a paucity of high quality data relating to the diagnostic
value of symptoms and signs in the clinical recognition of M.
pneumoniae in children and adolescents with community-acquired
pneumonia. Based on currently available data, the absence or
presence of individual clinical symptoms or signs cannot be used
to help clinicians accurately diagnose M. pneumoniae. The absence
of wheeze is a statistically significant diagnostic indicator of M.
pneumoniae. However, its clinical utility is limited, since absence
of wheeze is only 12% more likely in children with M. pneumoniae
versus children without M. pneumoniae. However, this review did
find preliminary evidence from two studies to suggest that the
presence of chest pain approximately doubles the probability of
M. pneumoniae in children with community-acquired pneumonia.
Chest pain may therefore be a useful clinical indicator of M.
pneumoniae, whose diagnostic value should be evaluated further
in future studies.

Strengths and weaknesses of the review

We used a systematic and comprehensive search strategy to
identify articles for our review. We analyzed full-text versions of
any articles felt to be potentially relevant, including studies relating
to community-acquired pneumonia or respiratory tract infections
generally, even if M. pneumoniae was not specifically mentioned in
the title or abstract. We did not apply any language restrictions to
our search. Two review authors independently screened abstracts
and full-text articles as well as extracted data from and assessed
methodological quality of included studies. In order to assess the
validity and robustness of our findings, we performed sensitivity
analyses excluding data from one study (Agarwal 2009) because
we had concerns that this study had recruited an unrepresentative

spectrum of patients and were unclear about the reliability of the
reference standard used to diagnose M. pneumoniae.

Since there is currently no 'gold standard' for the laboratory
diagnosis of M. pneumoniae, we also assessed the impact on
our findings of using other laboratory methods in addition to
serology to detect M. pneumoniae. In this review, we selected
serology as our reference standard because it is currently the most
widely available test for M. pneumoniae. However, a combination
of serological and polymerase chain reaction (PCR) methods is
considered to be optimal for detecting M. pneumoniae in patients
with community-acquired pneumonia (Thurman 2009). PCR is a
more sensitive method of detecting M. pneumoniae than serology
during the first two weeks aRer symptom onset (Nilsson 2008).
Although Nilsson 2008 found that M. pneumoniae DNA could persist
in the oropharynx for up to seven months, a more recent study has
demonstrated that M. pneumoniae carriage among asymptomatic
individuals is rare (1/428 subjects, 0.2%) (Chalker 2011). Similarly,
M. pneumoniae immunoglobulin (IgM) antibodies are detected in
only 0.3% of healthy patients and patients with positive PCR results
(sputum or other respiratory secretions) have similar clinical and
demographic characteristics to patients with positive IgM serology
(Von Baum 2009).

Our main limitations in this review were paucity of data and
considerable heterogeneity in the findings of our included studies,
particularly in relation to cough, coryza, fever and rhonchi. We only
had suEicient data to obtain pooled estimates for cough, wheeze,
coryza and crepitations. We were only able to obtain pooled
estimates for fever aRer excluding data from Agarwal 2009 during
our sensitivity analysis. We were also only able to investigate the
use of additional laboratory tests alongside serology as a potential
source of heterogeneity for one symptom (wheeze). We did not
have suEicient data to investigate several other potential sources
of heterogeneity, including age and healthcare setting (primary
versus secondary care). No studies reported data on combinations
of clinical symptoms and signs in children with and without M.
pneumoniae.

There were also inconsistencies in the reporting of clinical
symptoms and signs across diEerent studies. Coryzal symptoms
were described as coryza (Kumar 2011), rhinorrhoea (Maheshwari
2011), rhinitis (Principi 2001) or runny nose (Somer 2006).
Rales rather than crepitations were described in four studies
(Deerojanawong 2006; Maheshwari 2011; Principi 2001; Somer
2006). Although two studies reported data on chest pain (Agarwal
2009; Deerojanawong 2006) no further details were given about
its character. In one study, data on the clinical features of two
participants with concurrent M. pneumoniae and C. pneumoniae
infections were not reported separately (Somer 2006). We therefore
analyzed the data conservatively, assuming that the clinical
features being studied were absent in both participants. 

Applicability of findings to the review question

Based on currently published data, the absence or presence of
individual clinical symptoms and signs should not be used to guide
clinical decisions about empirical macrolide antibiotic prescribing
for suspected M. pneumoniae infections. In two studies (Agarwal
2009; Deerojanawong 2006) the presence of chest pain more than
doubled the probability of M. pneumoniae, but these findings
were only based on small numbers of participants. The absence
of wheeze is the only statistically significant diagnostic indicator,
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but has only limited clinical utility, since it is only 12% more
likely in M. pneumoniae-positive children with community-acquired
pneumonia.

Based on our pooled sensitivity estimate for wheeze, 25% of
children with M. pneumoniae have wheeze as a clinical symptom.
Therefore, a policy of empirical macrolide antibiotic treatment in
children without wheeze would result in antibiotics being withheld
from 25% of children with M. pneumoniae. More importantly, a high
percentage of children receiving empirical antibiotic treatment
would be M. pneumoniae-negative and therefore be receiving
antibiotics unnecessarily. Assuming that the specificity of wheeze
is 67% (based on our pooled specificity estimate), the percentage
of children receiving antibiotics unnecessarily would range from
61% if M. pneumoniae prevalence was 36% (the highest prevalence
estimate among our included studies) to 89% if M. pneumoniae
prevalence was 10% (the lowest prevalence estimate among our
included studies).

The diagnostic value of clinical symptoms and signs may vary
between children of diEerent ages. Two case series found that
coryza, tachypnoea, diarrhea and vomiting were more common
in preschool than in older children with M. pneumoniae (Defilippi
2008; Othman 2005). In addition, our findings may not be applicable
to children presenting in primary care with community-acquired
pneumonia because all of our included studies were conducted in
hospital settings. Children admitted to hospital with community-
acquired pneumonia are likely to represent a narrower and more
severe spectrum of illness than children who present in primary
care. At the moment, the relationship between illness severity
and clinical presentation of M. pneumoniae is uncertain. Greater
variation in presenting symptoms and a higher prevalence of
certain clinical features (including rhinorrhoea, headache and chest
pain) during epidemic outbreaks have previously been observed
(Gomez Campdera 2006) and may reflect a wider spectrum of
disease severity when M. pneumoniae prevalence is high. Our
findings may also have limited applicability in developed countries,
since all our included studies except one (Principi 2001) were
conducted in developing countries.

Population-level data on M. pneumoniae incidence are likely to play
an important role in helping clinicians to interpret the diagnostic
value of clinical symptoms and signs. The performance of a
clinical decision model for pertussis in infants has been shown
to improve with the incorporation of local disease incidence data
(Fine 2010). Clinicians should also take previous antibiotic use
into account when considering possible microbial aetiology in
children with community-acquired pneumonia. Treatment with
beta-lactam antibiotics up to 14 days before admission to hospital
with community-acquired pneumonia is reported to be associated
with a threefold increased chance of infection with atypical
pathogens (including M. pneumoniae) and a threefold decreased
probability of pneumococcal infection (Van de Garde 2008). Somer
2006 excluded children who had received antibiotics up to 10 days
before admission and Principi 2001 excluded children who had
received antibiotics within the last 48 hours.

The diagnostic value of wheeze may vary according to the
prevalence of other respiratory pathogens, particularly respiratory
viruses. Evidence of viral infection has previously been detected in
33% of acute asthma exacerbations in children, whereas evidence
of M. pneumoniae infection was only detected in 2% (Freymuth
1999). The high prevalence of viral infections in children presenting

with acute wheezing episodes is well established (Heymann 2004;
Jartti 2004). One study found that M. pneumoniae was only present
in 5% of children with acute wheezing episodes of proven viral
aetiology (Lehtinen 2006). We may therefore have found that
wheeze is less likely in children with M. pneumoniae because of the
relatively infrequent association between M. pneumoniae and viral
infections.

Based on scarce preliminary data, chest pain may be a
useful indicator of M. pneumoniae in children who present
with community-acquired pneumonia in outpatient settings.
Among adults with community-acquired pneumonia, 41.8% of
outpatients report pleuritic chest pain compared to 29.3% of
inpatients (Wattanathum 2003). Wattanathum 2003 also reported
a significantly higher prevalence of M. pneumoniae in outpatients
(29.6%) than in inpatients (6.8%; P < 0.001). However, establishing
the absence or presence of subjective symptoms, such as chest
pain, may be diEicult in preschool children (Hay 2002). Moreover,
further research is needed to substantiate the diagnostic value of
chest pain in the clinical recognition of M. pneumoniae.

A U T H O R S '   C O N C L U S I O N S

Implications for practice

This review has found that M. pneumoniae cannot be reliably
diagnosed in children and adolescents with community-acquired
pneumonia based on the absence or presence of individual
clinical symptoms and signs. Although the absence of wheeze
is a statistically significant diagnostic indicator, it does not have
suEicient diagnostic value to guide empirical macrolide antibiotic
treatment in children with community-acquired pneumonia. Data
from two studies suggest that the presence of chest pain more
than doubles the probability of M. pneumoniae. However, further
research is needed to substantiate this finding. No data on the
diagnostic value of combinations of clinical symptoms and signs
has yet been published. Clinicians should therefore consider other
factors, including previous antibiotic use and population-based
data on M. pneumoniae incidence, to help them estimate the
likelihood of M. pneumoniae infection in the context of a clinical
consultation.

Implications for research

More high quality, large-scale studies are needed to help develop
prediction rules based on epidemiological data as well as clinical
and baseline patient characteristics, which clinicians can use to
help them diagnose M. pneumoniae during clinical consultations.
These studies should also consider a wider range of extra-
pulmonary clinical features, such as headache, diarrhea and
myalgia. In particular, more studies conducted in primary care
settings are needed. Given that there is no gold standard for
M. pneumoniae diagnosis, greater consistency in the laboratory
methods used across diEerent studies is needed to ensure
that acute M. pneumoniae infections are reliably detected. The
development of rapid point of care tests for the diagnosis of
M. pneumoniae is also an important area for further research.
The ability to diagnose M. pneumoniae more accurately will
not only help inform more appropriate clinical decisions, but
will also facilitate the design and conduct of more definitive
research to determine the eEicacy of antibiotics in the treatment
of community-acquired pneumonia and other respiratory tract
infections caused by M. pneumoniae (Mulholland 2010).
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Clinical features and set-
tings

Hospital setting (Chhatrapati Shahuji Mahraj Medical University, India)

Clinical features for study inclusion: cough or difficulty in breathing (an increased respiratory rate or
chest indrawing)

Participants Children aged 1 to 59 months admitted with clinical diagnosis of WHO-defined severe pneumonia

Number of participants: 243

Male participants: 160, (65.8%)

Number of participants with M. pneumoniae: 24, (9.9%)

Study design Prospective observational cohort study

Target condition and ref-
erence standard(s)

M. pneumoniae detected using:

1. IgM serology on single blood sample (ELISA, i.e. enzyme-linked immunoadsorbent assay)

2. antigen detection in nasopharyngeal aspirate sample (ELISA)

Presence of M. pneumoniae infection was defined as M. pneumoniae detected using either laboratory
method

Index and comparator
tests

Symptoms: fever, cough, headache, chills, vomiting, chest pain, diarrhea, wheeze, sore throat, sinus
pain

Signs: temperature > 100 °F, central cyanosis, nasal flaring, altered sensorium, crepitations, respiratory
rate > 40 breaths per minute, inability to feed

Follow-up Symptoms and signs recorded at the time of admission. Blood and nasopharyngeal aspirate samples
obtained at the same time, but timing in relation to admission not stated

Notes Mean duration of hospital stay in children with M. pneumoniae was 8.74 days (standard deviation 6.52),
which was not significantly different from that in children with other infections. No children tested pos-
itive for M. pneumoniae on both serology and antigen detection in nasopharyngeal aspirate

Table of Methodological Quality

Item Authors' judgement Description

Representative spectrum? 
All tests

No Participants were children with severe community-acquired pneumonia based
on WHO clinical criteria. The study population therefore only represented a
limited part of the spectrum of disease severity among children admitted with
community-acquired pneumonia. Co-morbidities in study population were not
reported

Acceptable reference stan-
dard? 
All tests

Unclear No children were positive for M. pneumoniae on both types of laboratory test-
ing; 14 children had M. pneumoniae based on IgM serology and 10 based on
antigen detection in nasopharyngeal aspirate. Timing of sample taking in rela-
tion to symptom onset was not reported

Acceptable delay between
tests? 
All tests

Unclear Symptoms and signs recorded on admission, but timing of sample taking in re-
lation to admission was not reported

Partial verification avoid-
ed? 
All tests

Yes All study participants were subjected to the same laboratory tests
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Differential verification
avoided? 
All tests

Yes All study participants were subjected to the same laboratory tests

Incorporation avoided? 
All tests

Yes The diagnosis of M. pneumoniae was based on laboratory test results only

Reference standard results
blinded? 
All tests

Yes Clinical symptoms and signs likely to have been recorded on study entry, since
only children meeting WHO clinical criteria for severe community-acquired
pneumonia were eligible to take part in this study. Laboratory test results
would therefore not have been available at the time that clinical assessment
took place

Index test results blinded? 
All tests

Unclear Diagnostic antibody titre for M. pneumoniae detection not reported

Relevant clinical informa-
tion? 
All tests

Unclear Baseline data on participant age, sex, weight and height were recorded. Base-
line data were also collected on antibiotic intake, previous hospitalisation and
oxygen administration during the preceding 6 days. Unclear whether data on
duration of illness were collected

Uninterpretable results re-
ported? 
All tests

No No intermediate or borderline test results reported. Study did not report defin-
itions of intermediate or borderline results for either type of ELISA test

Withdrawals explained? 
All tests

Yes Data reported for all 243 participants, no withdrawals

Agarwal 2009  (Continued)

 
 

Clinical features and set-
tings

Hospital setting (University of Malaya Medical Center, Malaysia)

Clinical features for study inclusion: fever > 37.5 °C with respiratory symptoms and chest signs or chest
radiograph changes compatible with a diagnosis of pneumonia

Participants Children aged 1 month to 15 years with community-acquired pneumonia

Number of participants: 170

Male participants: 112, (65.9%)

Number of participants with M. pneumoniae: 40 (23.5%)

Study design Prospective observational cohort study

Target condition and ref-
erence standard(s)

M. pneumoniae detected based on serological testing of acute and convalescent blood samples taken
2 to 4 weeks apart (passive particle agglutination test). Presence of M. pneumoniae infection defined
as single antibody titre of more than 1:160 or a fourfold or greater rise in antibody titre between acute
and convalescent samples. The antibody titre threshold used to diagnose M. pneumoniae on a single
serum sample was adjusted from 1:40 (manufacturer's recommendation) to 1:160. A titre of 1:40 was
considered too low, as this was found in 45% of healthy blood donors. However, a titre of 1:160 was on-
ly found in 10% of the healthy population

Index and comparator
tests

Wheeze

Chan 2001 
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Follow-up Children followed up during admission. Duration between admission and recording of clinical fea-
tures/initial sample taking was not reported

Notes Extra-pulmonary complications were encountered in 3 children with M. pneumoniae. Two children had
elevated liver enzymes which normalised after a week and one died from multi-organ failure on day 15
of illness

Table of Methodological Quality

Item Authors' judgement Description

Representative spectrum? 
All tests

Unclear Co-morbidities in study population were not reported. Did not state whether
or not children with co-morbidities were excluded

Acceptable reference stan-
dard? 
All tests

Yes M. pneumoniae detected based on serological testing of acute and convales-
cent blood samples taken 2 to 4 weeks apart

Acceptable delay between
tests? 
All tests

Unclear Timing of collection of acute blood sample in relation to recording of clinical
features was not reported

Partial verification avoid-
ed? 
All tests

Yes All study participants were subjected to the same laboratory tests

Differential verification
avoided? 
All tests

Yes All study participants were subjected to the same laboratory tests

Incorporation avoided? 
All tests

Yes Clear thresholds for positive serological diagnosis of M. pneumoniae reported

Reference standard results
blinded? 
All tests

Yes Clinical symptoms and signs were recorded during the acute community-ac-
quired pneumonia illness episode, when the results of convalescent serum
samples would not have been available

Index test results blinded? 
All tests

Yes Clear thresholds for positive serological diagnosis of M. pneumoniae reported

Relevant clinical informa-
tion? 
All tests

Yes Baseline data were collected from participants on age, sex, ethnicity and dura-
tion of illness

Uninterpretable results re-
ported? 
All tests

No No intermediate or borderline serology results reported. Study did not provide
definition of intermediate or borderline serology result

Withdrawals explained? 
All tests

Yes Data reported for all 170 participants; no withdrawals

Chan 2001  (Continued)

 
 

Clinical features and set-
tings

Multicentre study performed at 3 hospitals in Bangkok, Thailand (Queen Sirkit National Insititute of
Health, King Chulalongkorn Memorial Hospital, Ramathibodi Hospital)
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Clinical features for study inclusion: clinical and radiological diagnosis of community-acquired pneu-
monia, defined as new infiltrates or consolidation on chest X-ray that could not be attributed to oth-
er aetiology and the presence of 3 or more of: cough, acute change in quality of sputum, fever or hy-
pothermia (> 38 °C or < 36.1 °C) within the preceding 24 hours, rales or evidence of pulmonary consoli-
dation, leukocytosis, malaise/myalgia or gastrointestinal symptoms

Participants Children aged 2 to 15 years with community-acquired pneumonia

Children were excluded if they had evidence or history of tuberculosis, nosocomial pneumonia, aspira-
tion pneumonia or bronchiectasis. Children were also excluded if they were HIV-positive or had been
hospitalised within 2 weeks prior to consultation

Number of participants: 257

Number of participants who underwent testing for M. pneumoniae: 245

Male participants: 135, (55.1%)

Number of participants with M. pneumoniae: 36, (14.7%)

Study design Prospective observational cohort study

Target condition and ref-
erence standard(s)

M. pneumoniae detected using:

1. serological testing of acute and convalescent blood samples taken 2 to 4 weeks apart (particle agglu-
tination test)

2. PCR analysis of respiratory secretion samples (throat swabs, sputum or nasopharyngeal aspirate).
Presence of current M. pneumoniae infection was defined as a fourfold or greater rise in antibody titres
between paired acute and convalescent sera or high antibody titres (>= 1:160) in both serum samples
together with the presence of positive PCR for M. pneumoniae in respiratory secretions

Results of single serum samples were excluded from the analysis. The presence of positive PCR for M.
pneumoniae in the absence of a positive serologic response was interpreted as possible carriage

Index and comparator
tests

Symptoms: cough, fever, chill, chest pain, dyspnoea, malaise, myalgia, diarrhea, wheezing

Signs: rales, rhonchi, bronchial breath sounds

Follow-up Children followed up during admission. Duration between admission and recording of clinical fea-
tures/initial sample taking was not reported

Notes In total, 199 children (81%) were treated in hospitals and 3 children (1%) required treatment in the in-
tensive care unit

Table of Methodological Quality

Item Authors' judgement Description

Representative spectrum? 
All tests

Yes Inclusion criteria not based on indicators of disease severity. Co-morbidities in
study population: asthma (n = 51), congestive heart failure (n = 7), hepatic dis-
ease (n = 1), renal impairment (n = 1)

Acceptable reference stan-
dard? 
All tests

Yes In total 36 children met laboratory diagnostic criteria for current M. pneumo-
niae infection; 24 children were diagnosed by a fourfold or greater increase in
antibody titre between acute and convalescent sera and 12 were diagnosed
by positive PCR with persistent high antibody titre. 16 children with a 4-fold or
greater increase in antibody titre were also positive by PCR

Acceptable delay between
tests? 

Unclear Timing of nasopharyngeal aspirate and acute blood sample collection in rela-
tion to recording of clinical features was not reported

Deerojanawong 2006  (Continued)
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All tests

Partial verification avoid-
ed? 
All tests

Yes Of the 257 children enrolled in the study with a diagnosis of community-ac-
quired pneumonia, paired sera could only be obtained from 245 children

Differential verification
avoided? 
All tests

Yes All study participants were subjected to the same laboratory tests

Incorporation avoided? 
All tests

Yes The diagnosis of M. pneumoniae was based on laboratory test results only

Reference standard results
blinded? 
All tests

Yes Clinical symptoms and signs were recorded during the acute community-ac-
quired pneumonia illness episode, when the results of convalescent serum
samples would not have been available

Index test results blinded? 
All tests

Yes Clear laboratory criteria for laboratory diagnosis of M. pneumoniae were re-
ported

Relevant clinical informa-
tion? 
All tests

Unclear Baseline data on participant age, sex and co-morbidity were recorded. How-
ever, unclear whether data on duration of illness were collected at the time of
study entry

Uninterpretable results re-
ported? 
All tests

Yes Six children had positive PCR results without serological evidence of M. pneu-
moniae infection. These children were considered to be carriers of M. pneumo-
niae and were hence not classified as having current M. pneumoniae infection

Withdrawals explained? 
All tests

Yes Explained that they were only able to obtain paired sera from 245/257 chil-
dren. The 12 children from whom convalescent serum samples could not be
obtained were excluded from the study population

Deerojanawong 2006  (Continued)

 
 

Clinical features and set-
tings

Hospital setting (Lok Nayak Hospital, India)

Clinical features for study inclusion: cough and fever with breathlessness of less than 30 days duration,
increased respiratory rate on examination, signs of consolidation or bronchopneumonia with or with-
out wheeze on auscultation, radiological findings suggestive of consolidation, bronchopneumonia or
interstitial infiltrates with or without hyperinflation

Participants Children aged 2 months to 12 years admitted to hospital with lower respiratory tract infections

Number of participants: 200

Male participants: 127 (63.5%)

Number of participants with M. pneumoniae: 71 (35.5%)

Study design Prospective observational cohort study

Target condition and ref-
erence standard(s)

M. pneumoniae detected using:

1. serological testing of acute and convalescent blood samples (ELISA for IgM and IgG antibodies to M.
pneumoniae). Serological evidence of M. pneumoniae infection was defined as presence of M. pneu-
moniae-specific IgM or IgG or fourfold rise in IgG titre between acute and convalescent sera

2. PCR analysis of nasopharyngeal aspirates
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Presence of M. pneumoniae infection was defined as M. pneumoniae detected using either or both labo-
ratory methods

Index and comparator
tests

Symptoms: cough, coryza, afebrile

Signs: wheeze audible on auscultation

Follow-up Duration of follow-up not reported

Notes  

Table of Methodological Quality

Item Authors' judgement Description

Representative spectrum? 
All tests

Unclear Co-morbidities in study population were not reported. Did not state whether
or not children with co-morbidities were excluded

Acceptable reference stan-
dard? 
All tests

Yes Children with positive PCR results but negative serology results were still diag-
nosed with M. pneumoniae. However, there was good agreement between PCR
and serology results; 20 children had positive PCR results of whom only 3 did
not also have serological evidence of M. pneumoniae infection

Acceptable delay between
tests? 
All tests

Unclear Timing of nasopharyngeal aspirate and acute blood sample collection in rela-
tion to recording of clinical features was not reported

Partial verification avoid-
ed? 
All tests

Yes All study participants were subjected to the same laboratory tests

Differential verification
avoided? 
All tests

Yes All study participants were subjected to the same laboratory tests

Incorporation avoided? 
All tests

Yes The diagnosis of M. pneumoniae was based on laboratory test results only

Reference standard results
blinded? 
All tests

Yes Clinical symptoms and signs were recorded during the acute community-ac-
quired pneumonia illness episode, when the results of convalescent serum
samples would not have been available

Index test results blinded? 
All tests

Unclear Laboratory criteria/thresholds for serological diagnosis of M. pneumoniae de-
tection were not reported

Relevant clinical informa-
tion? 
All tests

Unclear Baseline data on participant age and sex were collected. However, unclear
whether data on duration of illness were collected at the time of study entry

Uninterpretable results re-
ported? 
All tests

Yes Three children had positive PCR results without serological evidence of M.
pneumoniae infection

Withdrawals explained? 
All tests

Yes Data reported for all 200 participants; no withdrawals reported

Kumar 2011  (Continued)
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Clinical features and set-
tings

Hospital setting (Maulana Azad Medical College, India)

Clinical features for study inclusion: presence of cough and fever with breathlessness of less than 30
days duration, tachypnoea and presence of radiological features of lower respiratory tract infections

Participants Children aged 6 months to 12 years with clinically suspected lower respiratory tract infections

Number of participants: 75

Male participants: 42, (56.0%)

Number of participants with M. pneumoniae: 23, (30.7%)

Study design Prospective observational cohort study

Target condition and ref-
erence standard(s)

M. pneumoniae detected using:

1. serological testing of acute and convalescent blood samples (ELISA for IgM and IgG antibodies to M.
pneumoniae)

2. PCR analysis of throat swabs

Presence of M. pneumoniae infection was defined as M. pneumoniae detected using either or both labo-
ratory methods

Index and comparator
tests

Symptoms: rhinorrhoea, wheezing, dry cough

Signs: rales, rhonchi

Follow-up Duration of follow-up not reported

Notes  

Table of Methodological Quality

Item Authors' judgement Description

Representative spectrum? 
All tests

Unclear Co-morbidities in study population were not reported. Did not state whether
or not children with co-morbidities were excluded

Acceptable reference stan-
dard? 
All tests

Yes Children with positive PCR results but negative serology results were still diag-
nosed with M. pneumoniae. However, there was good agreement between PCR
and serology results; 5 children had positive PCR results of whom only 1 did
not also have serological evidence of M. pneumoniae infection

Acceptable delay between
tests? 
All tests

Unclear Timing of throat swab and acute blood sample collection in relation to record-
ing of clinical features was not reported

Partial verification avoid-
ed? 
All tests

Yes Tried to obtain convalescent blood samples from all 75 children, but only man-
aged to obtain samples in 45 children

Differential verification
avoided? 
All tests

Yes Tried to obtain convalescent blood samples from all 75 children, but only man-
aged to obtain samples in 45 children

Incorporation avoided? 
All tests

Yes The diagnosis of M. pneumoniae was based on laboratory test results only

Maheshwari 2011 
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Reference standard results
blinded? 
All tests

Yes Clinical symptoms and signs were recorded during the acute community-ac-
quired pneumonia illness episode, when the results of convalescent serum
samples would not have been available

Index test results blinded? 
All tests

Unclear Laboratory criteria/thresholds for serological diagnosis of M. pneumoniae de-
tection were not reported

Relevant clinical informa-
tion? 
All tests

Yes A detailed history and clinical examination were performed for all participants

Uninterpretable results re-
ported? 
All tests

Yes One child had a positive PCR result without serological evidence of M. pneumo-
niae infection

Withdrawals explained? 
All tests

Yes Data were presented for all 75 participants. Reported that only managed to
obtain convalescent serum samples from 45/75 participants

Maheshwari 2011  (Continued)

 
 

Clinical features and set-
tings

Multicentre study performed at 21 centres in Italy (hospital setting)

Children were classified into 3 groups based on clinical and radiological findings:

1. acute bronchitis (cough and/or rhonchi with a normal chest radiograph)

2. wheezing (cough and/or dyspnoea with expiratory rales and/or wheezes unrelated to any known spe-
cific sensitisation, with a normal chest radiograph or hyperinflation

3. pneumonia (diffuse or lobar pulmonary infiltration evident on chest radiograph)

Participants Previously healthy children aged 2 to 14 years who had been hospitalised for signs and/or symptoms of
community-acquired lower respiratory tract infection

Exclusion criteria: severe concomitant diseases (neoplasia, kidney or liver disease, immunodepression,
cardiovascular disease, malabsorption syndrome), nosocomial infections, use of antibiotics during the
last 48 hours

Total number of participants: 613

Male participants: 310 (50.6%)

Number of participants with pneumonia: 418

Number of participants with M. pneumoniae: 150 (35.9%)

Study design Prospective observational cohort study

Target condition and ref-
erence standard(s)

Acute M. pneumoniae infection defined as significant antibody response on paired serum samples (IgM
specific antibody >= 1:100; IgG specific antibody >= 1:400 or 4-fold increase in IgG antibody titre) and/or
nasopharyngeal aspirate positive for M. pneumoniae on PCR analysis

Past M. pneumoniae infection defined as IgG antibody titre >= 1:100 but < 1:400 without a fourfold in-
crease in paired serum samples and/or nasopharyngeal aspirate positive for M. pneumoniae on PCR
analysis

Convalescent serum samples were obtained 4 to 6 weeks after acute serum samples

Index and comparator
tests

Symptoms: cough, rhinitis, tachypnoea, wheezing

Principi 2001 
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Signs: fever (temperature >= 37.8 °C), rales, rhonchi

Follow-up Clinical features (medical history and physical examination) were recorded for each child at the time of
admission. Acute serum samples and nasopharyngeal aspirates were obtained at the time of study en-
try. Children were re-evaluated 4 to 6 weeks after study entry, when convalescent serum samples were
obtained

Notes  

Table of Methodological Quality

Item Authors' judgement Description

Representative spectrum? 
All tests

Yes Clearly reported that children with severe concomitant diseases, nosocomial
infections and who had received antibiotics within the last 48 hours were ex-
cluded from the study

Acceptable reference stan-
dard? 
All tests

Yes 16 children with community-acquired lower respiratory tract infections (acute
bronchitis, wheezing or pneumonia) had positive PCR results without serolog-
ical evidence of acute M. pneumoniae infection. The study did not report how
many of these children were in the pneumonia subgroup. However, even if all
16 children had been in this subgroup, they would only have represented 11%
of the 150 children with pneumonia who were diagnosed with M. pneumoniae

Acceptable delay between
tests? 
All tests

No Clinical symptoms and signs were recorded on admission. Acute serum sam-
ples and nasopharyngeal aspirates were taken on enrolment into the study.
Mean duration of hospitalisation at time of enrolment ranged from 5.68 days in
children with neither M. pneumoniae nor C. pneumoniae infections to 6.63 days
in children with both infections

Partial verification avoid-
ed? 
All tests

Yes Acute and convalescent serum samples were obtained from all children

Differential verification
avoided? 
All tests

Yes The same laboratory methods were used to detect M. pneumoniae in all chil-
dren

Incorporation avoided? 
All tests

Yes The diagnosis of M. pneumoniae was based on laboratory test results only

Reference standard results
blinded? 
All tests

Yes Clinical symptoms and signs were recorded during the acute community-ac-
quired pneumonia illness episode, when the results of convalescent serum
samples would not have been available

Index test results blinded? 
All tests

Yes Clear laboratory criteria for diagnosis of acute and past M. pneumoniae infec-
tion were reported

Relevant clinical informa-
tion? 
All tests

Yes At the time of admission, systematic recordings were made of each patient's
medical history, including the date of onset of illness, the underlying respirato-
ry symptoms and the presence of fever (temperature >= 37.8 °C)

Uninterpretable results re-
ported? 
All tests

Unclear Sixteen children with community-acquired lower respiratory tract infections
had positive PCR results without serological evidence of acute M. pneumoni-
ae infection. However, the study did not report how many of these were in the
pneumonia subgroup

Principi 2001  (Continued)
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Withdrawals explained? 
All tests

Yes Data were reported for all 418 children with pneumonia; no withdrawals were
reported

Principi 2001  (Continued)

 
 

Clinical features and set-
tings

Hospital setting (Istanbul, Turkey)

Clinical features for study inclusion: combination of acute respiratory symptoms (tachypnoea, dysp-
noea, cough, difficulty in breathing, chest indrawing and nasal flaring or with non specific symptoms
such as lethargy, fever and rigours) and chest radiographic findings compatible with pneumonia

Participants Previously healthy children aged 2 months to 15 years hospitalised because of a diagnosis of communi-
ty-acquired pneumonia

Exclusion criteria: active tuberculosis, malignancy, hospital-acquired pneumonia, underlying pul-
monary or immunological disease. This study was undertaken as part of a larger prospective study
evaluating the incidence of bacterial and atypical pathogens in hospitalised children with communi-
ty-acquired pneumonia. As a result of the protocol of this larger study, children who had received an-
tibiotics during the 10 days before admission were excluded

Number of participants: 140

Male participants: 85 (60.7%)

Number of participants with M. pneumoniae: 38 (27%)

Study design Nested prospective observational cohort study

Target condition and ref-
erence standard(s)

M. pneumoniae detected based on serological testing of acute and convalescent serum samples
(ELISA). Evidence of infection was defined as either a single positive serum IgM titre (>= 1:10) at any visit
or a fourfold increase in IgG titres at visit 2

Index and comparator
tests

Symptoms: cough, chest indrawing, nasal flaring, fever, wheeze, sputum, runny nose

Signs: cyanosis, crepitations, expiration prolonged

Follow-up A convalescent serum sample was obtained from each child 2 to 4 weeks after the acute serum sample

Notes A total of 206 children were admitted with community-acquired pneumonia during the study period of
whom 47 did not meet the study inclusion criteria (pulmonary tuberculosis, n = 12; congenital immun-
odeficiency, n = 10; chronic pulmonary disease, n = 9; malignancy, n = 8; antibiotic use in the 10 days
before admission, n = 8)

All patients were treated with antimicrobials, mostly ampicillin, clarithromycin or cefuroxime

Table of Methodological Quality

Item Authors' judgement Description

Representative spectrum? 
All tests

Yes Previously healthy children admitted with a diagnosis of community-acquired
pneumonia based on clinical and radiological criteria

Acceptable reference stan-
dard? 
All tests

Yes Serological testing of acute and convalescent serum samples

Acceptable delay between
tests? 

Yes Acute serum was obtained within 24 hours of admission and convalescent
serum was obtained 2 to 4 weeks later

Somer 2006 
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All tests

Partial verification avoid-
ed? 
All tests

Yes Convalescent serum was not obtained from 19 patients who did not return for
follow-up appointments. Paired serum samples were obtained from all 140
participants

Differential verification
avoided? 
All tests

Yes Paired serum samples were obtained from all 140 participants

Incorporation avoided? 
All tests

Yes The diagnosis of M. pneumoniae was based on laboratory test results only

Reference standard results
blinded? 
All tests

Yes Data on clinical symptoms and signs were recorded at the time of admission,
when laboratory test results would not have been available

Index test results blinded? 
All tests

Yes Clear laboratory criteria for diagnosis of M. pneumoniae infection were report-
ed

Relevant clinical informa-
tion? 
All tests

Yes A thorough medical history was obtained at admission

Uninterpretable results re-
ported? 
All tests

No No intermediate or borderline serology results were reported. Study did not
provide definition of intermediate or borderline serology result

Withdrawals explained? 
All tests

Yes Convalescent serum was not obtained from 19 patients who did not return for
follow-up appointments. These patients were excluded from the study popula-
tion

Somer 2006  (Continued)

ELISA: enzyme-linked immunoadsorbent assay
IgG: immunoglobulin G
IgM: immunoglobulin M
PCR: polymerase chain reaction
WHO: World Health Organization
 

Characteristics of excluded studies [ordered by study ID]

 

Study Reason for exclusion

Al-Moyed 2003 Study population consisted of participants aged 10 to 60 years with clinically and radiographical-
ly diagnosed lower respiratory tract infections. Reported data on clinical symptoms and signs in all
participants according to whether or not M. pneumoniae was detected, but did not report these da-
ta in children specifically

Al-Rashed 1998 Did not report any data on clinical symptoms or signs

Almasri 2011 Reported data on clinical symptoms and signs in children with community-acquired respirato-
ry tract infections (pneumonia, pharyngitis or tracheobronchitis) in relation to whether or not M.
pneumoniae was detected. However, these data were not reported specifically in the subgroup of
children with community-acquired pneumonia

Angadi 1980 Did not report any data on clinical symptoms or signs
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Study Reason for exclusion

Antonelli 2009 Reported data on clinical symptoms and signs but not in relation to whether or not M. pneumoniae
was detected

Baer 2003 Did not report any data on clinical symptoms or signs

Bamba 2006 Did not recruit children with community-acquired pneumonia consecutively. Only recruited chil-
dren in whom bacterial pathogens, M. pneumoniae and Chlamydia pneumoniae were felt to be the
causative organisms after clinical examination

Bii 2002 Did not report any data on clinical symptoms or signs

Block 1995 Did not report any data on clinical symptoms or signs

Broome 1980 Only reported data on clinical symptoms and signs in children with M. pneumoniae

Bunnag 2008 Only reported data on clinical symptoms and signs in children with M. pneumoniae

Butun 2006 Reported data on clinical symptoms and signs but not in relation to whether or not M. pneumoniae
was detected

Chaudhry 1998 Did not report any data on clinical symptoms or signs

Chkhaidze 2006 Did not report any data on clinical symptoms or signs

De Roux 2006 Study was performed in an adult population

Defilippi 2008 Only reported data on clinical symptoms and signs in children with M. pneumoniae

Dowdle 1967 Did not report any data on clinical symptoms or signs

Drummond 2000 Did not report any data on clinical symptoms or signs

Dular 1987 Only reported clinical symptoms and signs in children with M. pneumoniae

Elkholy 2009 Did not report any data on clinical symptoms or signs

Esposito 2001 Unsuitable comparison group (children with C. pneumoniae infection)

Ferwerda 2001 Double-blind, randomised, comparative trial comparing the efficacy of a 3-day course of
azithromycin with a 10-day course of co-amoxiclav in the treatment of lower respiratory tract infec-
tions in children. Provided data on clinical symptoms and signs according to treatment arm. Did
not provide laboratory confirmation of M. pneumoniae

Fischer 2002 Reported longer duration of fever as a significant predictor of M. pneumoniae, but did not report
data on absence or presence or fever or any other clinical features

Forgie 1991 Reported data on clinical symptoms and signs but not in relation to whether or not M. pneumoniae
was detected

Gendrel 1997 Did not report any data on clinical symptoms or signs

Gimenez Sanchez 2007 Did not perform laboratory tests to detect M. pneumoniae

Gomez Campdera 2002 Only reported data on clinical symptoms and signs in children with M. pneumoniae
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Study Reason for exclusion

Guggenbichler 1977 Only reported data on clinical symptoms and signs in children with M. pneumoniae

Gutierrez 2005 Did not report any data on clinical symptoms or signs

Harris 1998 Double-blind, randomised, comparative trial comparing the safety and efficacy of azithromycin
with amoxicillin/clavulanate or erythromycin for the treatment of community-acquired pneumo-
nia, including atypical pneumonia caused by M. pneumoniae and C. pneumoniae. Data on clinical
symptoms and signs were reported according to treatment arm but according to whether or not M.
pneumoniae infection was detected

Heinz 1983 Did not report any data on clinical symptoms or signs

Heiskanen-Kosma 1998 Did not report any data on clinical symptoms or signs

Holmes 2001 Did not perform laboratory tests to detect M. pneumoniae

Hortal 1994 No M. pneumoniae-positive cases detected

Javier Alvarez 2001 Study was performed in an adult population

Jensen 1967 Did not report any data on clinical symptoms or signs

Jokinen 1993 Did not report any data on clinical symptoms or signs

Juven 2000 Did not report any data on clinical symptoms or signs

Kapellerova 2007 Reported complications in children with M. pneumoniae. Did not report data on clinical symptoms
or signs

Kicinski 2011 Unsuitable comparison group (children with C. pneumoniae infection)

King 1991 Did not recruit children with community-acquired pneumonia (recruited children who had not
been treated with antibiotics during the previous 7 days whether or not they had respiratory symp-
toms)

Kogan 2003 Comparative randomised trial to determine the efficacy of azithromycin versus erythromycin and
amoxicillin in the treatment of presumed bacterial community-acquired pneumonia in ambulato-
ry children. Children were tested for M. pneumoniae (serology and PCR) but data on clinical symp-
toms and signs were reported according to treatment arm and not according to whether or not M.
pneumoniae was detected

Korppi 2004 Did not report any data on clinical symptoms or signs

Kurz 2011 Only reported data on clinical symptoms and signs in children with M. pneumoniae

Lagerstrom 2003 Study population included children and adults (patients with community-acquired pneumo-
nia aged 10 years and over). Data on clinical symptoms and signs reported but not in relation to
whether or not M. pneumoniae was detected. Data in children not reported separately

Lassmann 2008 Reported data on clinical symptoms and signs in relation to whether or not atypical infections (Bor-
detella pertussis, Mycoplasma pneumoniae or Chlamydia pneumoniae) were detected

Lee 2008 Reported data on clinical symptoms and signs but not in relation to whether or not M. pneumoniae
was detected

Liam 2001 Did not report any data on clinical symptoms or signs
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Study Reason for exclusion

Lochindarat 2007 Reported data on clinical symptoms and signs in relation to whether or not atypical infections (M.
pneumoniae or C. pneumoniae) were detected

Maltezou 2004 Did not report any data on clinical symptoms or signs

Manfredi 1992 No M. pneumoniae-positive cases detected

Marrie 1996 Reported data on clinical symptoms and signs in relation to whether or not atypical infections (M.
pneumoniae, C. pneumoniae, Legionella species or respiratory viruses) were detected

Marrie 2005 Study was performed in an adult population

Masia 2006 Reported data on clinical symptoms and signs in relation to whether or not atypical infections (M.
pneumoniae, Legionella pneumophila, Chlamydophila species or Coxiella burnetti) were detected

Matute 2006 Reported data on clinical symptoms and signs in relation to whether or not pneumococcus was de-
tected

Michelow 2004 Reported data on clinical symptoms and signs in relation to whether or not atypical infections (M.
pneumoniae or C. pneumoniae) were detected

Murphy 1981 Did not report any data on clinical symptoms or signs

Nagalingam 2004 Reported that several symptoms (abdominal pain, chest pain, chills, diarrhea, difficulty breathing,
fever, ear pains, headache, hoarseness, muscle pains, productive cough, vomiting/nausea, wheez-
ing and mental confusion) did not significantly affect the prevalence of M. pneumoniae in patients
with pneumonia but did not report absence or presence of these symptoms in children with or
without M. pneumoniae

Nagayama 1988 Study population was divided into 3 groups (pneumonia, fever and wheezing). Prevalence of M.
pneumoniae was estimated in each group but clinical symptoms and signs not reported in relation
to whether or not M. pneumoniae was detected

Nagayama 1990 Study reported clinical manifestations in children with pleuropneumonia versus children with
pneumonia without pleural effusion

Nakayama 2007 Unsuitable comparison group (children in whom other viral and/or bacterial infections were de-
tected)

Ngeow 2005 Reported data on clinical symptoms and signs but not in relation to whether or not M. pneumoniae
was detected

Ouchi 1999 Unsuitable comparison group (children with C. pneumoniae infection)

Pandey 2000 Reported data on clinical symptoms and signs but not in relation to whether or not M. pneumoniae
was detected

Peng 2009 Recruited children hospitalised with acute respiratory infections but not community-acquired
pneumonia specifically. Also excluded children with signs of bacterial infections

Pereyre 2012 Only reported data on clinical symptoms and signs in children with M. pneumoniae

Pocheville Guruceta 1998 Recruited patients with wide range of presentations, including respiratory disease, arthritis or skin
disease. Only performed M. pneumoniae serology on children with clinical features felt to be com-
patible with M. pneumoniae infection
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Study Reason for exclusion

Prapphal 2006 Reported data on clinical symptoms and signs in relation to whether or not atypical infections (M.
pneumoniae, C. pneumoniae or Legionella pneumoniae) were detected

Putman 1975 Case series (children and adults). Only reported data on clinical features in patients with M. pneu-
moniae

Rahman 1990 Did not perform laboratory tests to detect M. pneumoniae. Recruited patients with cough and diar-
rhea

Sakurai 1988 Only reported data on clinical symptoms and signs in children with M. pneumoniae

Sakurai 1988a Did not report any data on clinical symptoms or signs

Samransamruajkit 2008 Clinical outcome data suggest that study population likely to include a high proportion of children
with severe underlying comorbidity and/or immunocompromise (mean duration of hospitalisation
was 18.8 days and 25% of children developed respiratory failure)

Shenoy 2005 Recruited children with upper and lower acute respiratory tract infections, not community-ac-
quired pneumonia specifically. Age range of study population was not defined

Sidal 2007 Unsuitable comparison group (children with C. pneumoniae infection)

Stawarski 2001 Did not report any data on clinical symptoms or signs

Szabo 1977 Did not report any data on clinical symptoms or signs

Tajima 2006 Did not report any data on clinical symptoms or signs

Tinsa 2009 Reported data on clinical symptoms and signs but not in relation to whether or not M. pneumoniae
was detected

Touati 2010 Only reported clinical symptoms and signs in children with M. pneumoniae

Tsolia 2004 Did not report any data on clinical symptoms or signs

Unay 2002 Only reported clinical symptoms and signs in children with M. pneumoniae

Van der Straeten 1976 Did not report any data on clinical symptoms or signs

Vervloet 2010 Clinical outcome data suggest that study population likely to include a high proportion of children
with severe underlying comorbidity and/or immunocompromise (23% of children with M. pneumo-
niae and 17% without M. pneumoniae required mechanical ventilation)

Virkki 2002 Did not report any data on clinical symptoms or signs

Woodhead 1987 Did not report any data on clinical symptoms and signs

Wubbel 1999 Did not report any data on clinical symptoms or signs

Yang 2001 Reported data on clinical symptoms and signs in relation to whether or not atypical infections (M.
pneumoniae or C. pneumoniae) were detected

Yin 2003 Did not report any data on clinical symptoms or signs

Zoricic-Letoja 1995 Did not report any data on clinical symptoms or signs
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PCR: polymerase chain reaction
 

 

D A T A

Presented below are all the data for all of the tests entered into the review.

 

Table Tests.   Data tables by test

Test No. of studies No. of participants

1 Cough 5 1076

2 Wheeze 6 1291

3 Coryza 4 833

4 Crepitations 5 1121

5 Fever 5 1246

6 Rhonchi 4 928

7 Shortness of breath 1 245

8 Headache 1 243

9 Chest pain 2 488

10 Diarrhoea 2 488

11 Myalgia 1 245

 
 

Test 1.   Cough.
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Test 2.   Wheeze.

 
 

Test 3.   Coryza.

 
 

Test 4.   Crepitations.

 
 

Test 5.   Fever.
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Test 6.   Rhonchi.

 
 

Test 7.   Shortness of breath.

 
 

Test 8.   Headache.

 
 

Test 9.   Chest pain.

 
 

Test 10.   Diarrhoea.
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Test 11.   Myalgia.

 

 

A D D I T I O N A L   T A B L E S
 

Item Yes No Unclear

1. Was the spec-
trum of patients
representative of
the patients who
will receive the test
in practice?

• Participants recruited prospectively and
consecutively from any healthcare setting

• Participants diagnosed with communi-
ty-acquired pneumonia based on clinical
+/- radiological criteria

• Characteristics of participants: aged 18
years or younger, no serious under-
lying co-morbidity (e.g. cystic fibrosis,
bronchiectasis, neoplasia) or immuno-
compromise (HIV-positive or on immuno-
suppressant medication)

• Participants not recruited
prospectively or consecu-
tively

• Participants only recruited
from limited spectrum of
disease severity within the
healthcare setting in which
the study was conducted

• Participants not diag-
nosed with community-ac-
quired pneumonia

• Characteristics of partici-
pants: over 18 years of
age, serious underlying co-
morbidity (e.g. cystic fibro-
sis, bronchiectasis, neo-
plasia) or immunocompro-
mise (HIV-positive or on
immunosuppressant med-
ication)

• Insufficient information on
recruitment method, crite-
ria for diagnosis of com-
munity-acquired pneumo-
nia and participant charac-
teristics (age, co-morbidi-
ty)

2. Is the reference
standard likely to
classify the target
condition correctly?

• Positive M. pneumoniae serology result
defined as a significant rise in antibody
titre between paired acute and convales-
cent sera or a high antibody titre on a
single serum sample, as per instructions
from the manufacturers of the serology
assay(s) being used in the study

• +/- use of additional laboratory tests
alongside serology (e.g. PCR, culture)

• Diagnosis of M. pneumoni-
ae not confirmed by labo-
ratory tests

• Laboratory confirmation
of M. pneumoniae does not
include serology

• Insufficient information on
method of confirming in-
fection with M. pneumoni-
ae

• Discrepant results be-
tween serology and oth-
er laboratory tests among
participants diagnosed
with M. pneumoniae

3. Is the time period
between reference
standard and index
test short enough
to be reasonably
sure that the target
condition did not
change between
the two tests?

• Initial serum sample obtained within 24
hours of presentation

• Convalescent serum samples obtained 2
to 4 weeks after initial serum samples (in
studies where these were taken)

• Criteria for 'Yes' not met • Insufficient information on
timing of sample collec-
tion

4. Did the whole
sample or a ran-

• Attempted to obtain and test acute serum
samples or both acute and convalescent

• Attempted to obtain and
test serum samples from

• Insufficient information on
the number and char-

Table 1.   Quality assessment tool and coding criteria 
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dom selection of
the sample, receive
verification using
the intended refer-
ence standard?

serum samples from all study participants
as per instructions from the manufactur-
ers of the serology assay(s) being used in
the study

a non random selection of
study participants defined
by criteria other than those
specified by the manufac-
turers of the serology as-
say(s) being used in the
study

acteristics of participants
from whom serum sam-
ples were obtained and
tested

5. Did patients re-
ceive the same ref-
erence standard ir-
respective of the in-
dex test result?

• Method of laboratory testing for M. pneu-
moniae was the same for all study partici-
pants

• Choice of method of labo-
ratory testing for M. pneu-
moniae related to partic-
ipants' clinical symptoms
and signs

• Insufficient information on
whether or not choice
of method of laboratory
testing for M. pneumoni-
ae was related to partic-
ipants' clinical symptoms
and signs

6. Was the refer-
ence standard in-
dependent of the
index test (i.e. the
index test did not
form part of the ref-
erence standard)?

• Diagnosis of M. pneumoniae based on lab-
oratory test results only

• Diagnosis of M. pneumo-
niae based on laboratory
test results and absence or
presence of clinical symp-
toms and signs

• Insufficient information
about whether diagnosis
of M. pneumoniae was
made based on laboratory
test results only or on ab-
sence or presence of clini-
cal symptoms and signs in
addition to laboratory test
results

7. Were the refer-
ence standard re-
sults interpreted
without knowledge
of the results of the
index test? (index
test results blinded)

• Laboratory results interpreted without
knowledge of clinical symptoms and signs

• Laboratory results inter-
preted with knowledge
of clinical symptoms and
signs

• Insufficient information
about whether laborato-
ry results were interpreted
with or without knowledge
of clinical symptoms and
signs

8. Were the index
test results inter-
preted without
knowledge of the
results of the refer-
ence standard?

• Clinical symptoms and signs reported
without knowledge of M. pneumoniae lab-
oratory test results

• Clinical symptoms and
signs reported with knowl-
edge of M. pneumoniae
laboratory test results

• Insufficient information
about whether clinical fea-
tures were reported with
or without knowledge of
M. pneumoniae laboratory
test results

9. Were the same
clinical data avail-
able when test re-
sults were inter-
preted as would be
available when the
test is used in prac-
tice?

• Data on baseline participant characteris-
tics (age, sex, duration of illness) available
when data on symptoms and signs were
collected

• Radiological findings not available to clin-
ician when data on symptoms and signs
were collected

• Data on baseline partici-
pants characteristics (age,
sex, duration of illness) not
available when data on
symptoms and signs were
collected

• Radiological findings
available to clinician when
data on symptoms and
signs were collected

• Insufficient information to
be able to assess whether
or not data on baseline
participant characteristics
(age, sex, duration of ill-
ness) or radiological find-
ings were available when
data on symptoms and
signs were collected

10. Were uninter-
pretable/interme-
diate test results re-
ported?

• Number of participants with intermedi-
ate or borderline serology results report-
ed and/or number of participants with dis-
crepant results on serological testing ver-
sus other methods of laboratory testing
reported

• Study does not report in-
formation on numbers of
participants with interme-
diate, borderline and dis-
crepant test results or how
these were managed dur-
ing data analysis

• Insufficient information on
numbers of participants
with intermediate, border-
line and discrepant test
results and how these
were managed during data
analysis

Table 1.   Quality assessment tool and coding criteria  (Continued)
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• Description of how the above results were
managed during data analysis, or

• Absence of intermediate, borderline or
discrepant test results reported and def-
initions of intermediate or borderline re-
sults provided

11. Were with-
drawals from the
study explained?

• Number of children who were withdrawn
from the study reported together with rea-
sons for withdrawal

• Number of children who
were withdrawn from the
study not reported or ex-
plained

• Insufficient information
about number of children
withdrawn from study and
reasons for withdrawal

12. Did the study
provide a clear def-
inition of what was
considered to be a
positive result?

• Criteria for diagnosis of M. pneumoniae
clearly described for each laboratory test
used in study

• If more than one laboratory test was used
(e.g. serology and PCR), authors provided
a clear description of how a diagnosis of
M. pneumoniae was defined based on the
results of each of these tests

• Definition of positive M.
pneumoniae result not
provided

• Insufficient information on
definition of positive M.
pneumoniae result accord-
ing to result(s) of laborato-
ry test(s) used

Table 1.   Quality assessment tool and coding criteria  (Continued)

Based on recommended quality criteria derived from the QUADAS tool (Reitsma 2009).
PCR: polymerase chain reaction
 
 

Symp-
tom/sign

Study Pre-test proba-
bility

Post-test prob-
ability (symp-
tom/sign positive)

Post-test prob-
ability (symp-
tom/sign nega-
tive)

Positive likeli-
hood ratio

Negative likeli-
hood ratio

Agarwal
2009

0.10 (0.06 to
0.14)

0.10 (0.06 to 0.15) 0.08 (0.02 to 0.22) 1.03 (0.88 to
1.21)

0.83 (0.28 to
2.50)

Kumar
2011

0.36 (0.29 to
0.43)

0.35 (0.29 to 0.42) 0.50 (0.01 to 0.99) 0.99 (0.96 to
1.03)

1.82 (0.12 to
28.6)

Mahesh-
wari 2011

0.31 (0.21 to
0.42)

0.33 (0.22 to 0.46) 0.18 (0.02 to 0.52) 1.10 (0.93 to
1.32)

0.50 (0.12 to
2.15)

Principi
2001

0.36 (0.31 to
0.41)

0.38 (0.32 to 0.45) 0.33 (0.27 to 0.41) 1.09 (0.92 to
1.31)

0.89 (0.71 to
1.12)

Cough

Somer 2006 0.27 (0.20 to
0.35)

0.29 (0.20 to 0.38) 0.22 (0.09 to 0.40) 1.08 (0.90 to
1.30)

0.75 (0.36 to
1.60)

Agarwal
2009

0.10 (0.06 to
0.14)

0.08 (0.04 to 0.15) 0.11 (0.06 to 0.17) 0.81 (0.45 to
1.46)

1.13 (0.84 to
1.53)

Chan 2001 0.24 (0.17 to
0.31)

0.17 (0.90 to 0.28) 0.28 (0.16 to 0.55) 0.66 (0.39 to
1.14)

1.24 (0.98 to
1.58)

Deerojana-
wong 2006

0.15 (0.11 to
0.20)

0.11 (0.04 to 0.22) 0.16 (0.11 to 0.22) 0.71 (0.33 to
1.54)

1.09 (0.92 to
1.28)

Wheeze

Mahesh-
wari 2011

0.31 (0.21 to
0.42)

0.33 (0.17 to 0.53) 0.29 (0.16 to 0.44) 1.13 (0.63 to
2.02)

0.92 (0.61 to
1.40)

Table 2.   Pre-/post-test probabilities and likelihood ratios with 95% confidence intervals 
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Principi
2001

0.36 (0.31 to
0.41)

0.30 (0.19 to 0.43) 0.37 (0.32 to 0.42) 0.77 (0.46 to
1.28)

1.04 (0.97 to
1.13)

Somer 2006 0.27 (0.20 to
0.35)

0.21 (0.11 to 0.33) 0.32 (0.22 to 0.43) 0.70 (0.42 to
1.17)

1.25 (0.94 to
1.65)

Kumar
2011

0.36 (0.29 to
0.43)

0.36 (0.28 to 0.43) 0.35 (0.19 to 0.55) 1.00 (0.88 to
1.13)

1.00 (0.51 to
1.97)

Mahesh-
wari 2011

0.31 (0.21 to
0.42)

0.31 (0.16 to 0.48) 0.31 (0.17 to 0.48) 0.99 (0.60 to
1.66)

1.00 (0.51 to
1.97)

Principi
2001

0.36 (0.31 to
0.41)

0.32 (0.21 to 0.46) 0.36 (0.32 to 0.42) 0.85 (0.51 to
1.41)

1.03 (0.95 to
1.11)

Coryza

Somer 2006 0.27 (0.20 to
0.35)

0.30 (0.07 to 0.65) 0.27 (0.20 to 0.35) 1.15 (0.31 to
4.22)

0.99 (0.89 to
1.10)

Agarwal
2009

0.10 (0.06 to
0.14)

0.08 (0.05 to 0.13) 0.17 (0.07 to 0.31) 0.84 (0.65 to
1.10)

1.83 (0.91 to
3.65)

Deerojana-
wong 2006

0.15 (0.11 to
0.20)

0.15 (0.11 to 0.20) 0.13 (0.03 to 0.32) 1.02 (0.91 to
1.14)

0.83 (0.26 to
2.64)

Mahesh-
wari 2011

0.31 (0.21 to
0.42)

0.36 (0.24 to 0.50) 0.15 (0.03 to 0.38) 1.29 (1.01 to
1.65)

0.40 (0.13 to
1.23)

Principi
2001

0.36 (0.31 to
0.41)

0.38 (0.32 to 0.43) 0.28 (0.19 to 0.40) 1.08 (0.99 to
1.19)

0.71 (0.46 to 1.1)

Crepita-
tions

Somer 2006 0.27 (0.20 to
0.35)

0.32 (0.22 to 0.42) 0.19 (0.09 to 0.33) 1.24 (0.98 to
1.56)

0.62 (0.33 to
1.15)

Agarwal
2009

0.10 (0.06 to
0.14)

0.10 (0.06 to 0.15) 0.10 (0.03 to 0.24) 0.99 (0.82 to
1.20)

1.04 (0.41 to
2.68)

Deerojana-
wong 2006

0.15 (0.11 to
0.20)

0.14 (0.10 to 0.19) 0.33 (0.04 to 0.78) 0.96 (0.89 to
1.05)

2.90 (0.55 to
15.27)

Kumar
2011

0.36 (0.29 to
0.43)

0.35 (0.28 to 0.43) 0.36 (0.21 to 0.53) 1.00 (0.86 to
1.15)

1.02 (0.57 to
1.83)

Principi
2001

0.36 (0.31 to
0.41)

0.37 (0.32 to 0.42) 0.31 (0.21 to 0.44) 1.04 (0.95 to
1.13)

0.82 (0.51 to
1.31)

Fever

Somer 2006 0.27 (0.20 to
0.35)

0.26 (0.16 to 0.37) 0.29 (0.18 to 0.42) 0.93 (0.66 to
1.31)

1.10 (0.73 to
1.64)

Deerojana-
wong 2006

0.15 (0.11 to
0.20)

0.11 (0.04 to 0.22) 0.16 (0.11 to 0.22) 0.71 (0.33 to
1.54)

1.09 (0.92 to
1.28)

Kumar
2011

0.36 (0.29 to
0.43)

0.38 (0.30 to 0.48) 0.22 (0.13 to 0.33) 1.32 (1.07 to
1.64)

0.59 (0.37 to
0.94)

Rhonchi

Mahesh-
wari 2011

0.31 (0.21 to
0.42)

0.27 (0.15 to 0.42) 0.37 (0.19 to 0.58) 0.84 (0.56 to
1.26)

1.33 (0.72 to
2.44)

Table 2.   Pre-/post-test probabilities and likelihood ratios with 95% confidence intervals  (Continued)
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Principi
2001

0.36 (0.31 to
0.41)

0.24 (0.15 to 0.36) 0.38 (0.33 to 0.43) 0.57 (0.34 to
0.97)

1.10 (1.01 to
1.19)

Shortness
of breath

Deerojana-
wong 2006

0.15 (0.11 to
0.20)

0.13 (0.08 to 0.18) 0.21 (0.11 to 0.34) 0.85 (0.67 to
1.08)

1.55 (0.91 to
2.63)

Headache Agarwal
2009

0.10 (0.06 to
0.14)

0.04 (0.00 to 0.21) 0.01 (0.00 to 0.03) 4.56 (0.43 to
48.48)

0.97 (0.89 to
1.05)

Agarwal
2009

0.10 (0.06 to
0.14)

0.22 (0.03 to 0.60) 0.09 (0.06 to 0.14) 2.61 (0.57 to
11.85)

0.95 (0.84 to
1.07)

Chest pain

Deerojana-
wong 2006

0.15 (0.11 to
0.20)

0.33 (0.15 to 0.57) 0.13 (0.09 to 0.18) 2.90 (1.26 to
6.69)

0.86 (0.73 to
1.02)

Agarwal
2009

0.10 (0.06 to
0.14)

0.10 (0.03 to 0.21) 0.10 (0.06 to 0.15) 0.97 (0.43 to
2.20)

1.01 (0.81 to
1.25)

Diarrhoea

Deerojana-
wong 2006

0.15 (0.11 to
0.20)

0.14 (0.05 to 0.29) 0.15 (0.10 to 0.20) 0.94 (0.39 to
2.25)

1.01 (0.88 to
1.17)

Myalgia Deerojana-
wong 2006

0.15 (0.11 to
0.20)

0.16 (0.05 to 0.33) 0.15 (0.10 to 0.20) 1.08 (0.44 to
2.61)

0.99 (0.86 to
1.14)

Table 2.   Pre-/post-test probabilities and likelihood ratios with 95% confidence intervals  (Continued)

 

 

A P P E N D I C E S

Appendix 1. MEDLINE search strategy

1. Pneumonia/

2. Pneumonia, Bacterial/

3. Pneumonia, Mycoplasma/

4. mycoplasma pneumon*.tw.

5. "m. pneumoniae".tw.

6. (community-acquired pneumon* or community acquired pneumon*).tw.

7. or/1-6

8. Cough/

9. cough*.tw.

10.wheez*.tw.

11."shortness of breath".tw.

12.sore throat*.tw.

13.coryza.tw.

14."chest pain".tw.

15.crepitation*.tw.

16.Fever/

17.fever*.tw.

18.Exanthema/

19.(rash or rashes).tw.

20.exp Diarrhea/

21.(diarrhoea or diarrhea).tw.

22.myalgia.tw.

23.Headache/

24.headache*.tw.
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25.clinical assessment*.tw.

26.clinical feature*.tw.

27.(symptom* or sign* or characteristic* or manifestation*).tw.

28.or/8-27

29.7 and 28

30.exp Infant/

31.(infant* or infancy or newborn* or baby* or babies or neonat* or preterm* or prematur*).tw.

32.exp Child/

33.(child* or schoolchild* or school age* or preschool* or kid or kids or toddler*).tw.

34.Adolescent/

35.(adoles* or teen* or boy* or girl*).tw.

36.Minors/

37.Puberty/

38.(minor* or pubert* or pubescen*).tw.

39.exp Pediatrics/

40.(pediatric* or paediatric*).tw.

41.exp Schools/

42.(nursery school* or kindergar* or primary school* or secondary school* or elementary school* or high school* or highschool*).tw.

43.or/30-42

44.29 and 43

45.Pneumonia, Mycoplasma/di [Diagnosis]

46.Pneumonia, Bacterial/di [Diagnosis]

47.45 or 46

48.43 and 47

49.44 or 48

Appendix 2. EMBASE search strategy

1. *PNEUMONIA/
2. bacterial pneumonia/ or infectious pneumonia/
3. Mycoplasma pneumonia/
4. COMMUNITY ACQUIRED PNEUMONIA/
5. mycoplasma pneumon*.tw.
6. "m. pneumoniae".tw.
7. (community-acquired pneumon* or community acquired pneumon*).tw.
8. 1 or 2 or 3 or 4 or 5 or 6 or 7
9. coughing/ or wheezing/
10. cough*.tw.
11. wheez*.tw.
12. "short of breath*".tw.
13. "shortness of breath".tw.
14. sore throat*.tw.
15. coryza.tw.
16. "chest pain".tw.
17. crepitation*.tw.
18. fever/
19. (fever* or febrile).tw.
20. exp rash/
21. (rash or rashes).tw.
22. diarrhea/
23. (diarrhoea* or diarrhea*).tw.
24. myalgia.tw.
25. HEADACHE/
26. (headache* or head ache*).tw.
27. clinical feature/
28. clinical assessment*.tw.
29. clinical feature*.tw.
30. (symptom* or sign* or characteristic* or manifestation*).tw.
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31. 9 or 10 or 11 or 12 or 13 or 14 or 15 or 16 or 17 or 18 or 19 or 20 or 21 or 22 or 23 or 24 or 25 or 26 or 27 or 28 or 29 or 30
32. 8 and 31
33. exp infant/
34. (infant* or infancy or newborn* or baby* or babies or neonat* or preterm* or prematur*).tw.
35. child/ or boy/ or girl/ or preschool child/ or school child/ or toddler/
36. (child* or schoolchild* or school age* or preschool* or kid or kids or toddler*).tw.
37. adolescent/
38. (adoles* or teen* or boy* or girl*).tw.
39. juvenile/
40. Puberty/
41. (minor* or pubert* or pubescen*).tw.
42. pediatrics/
43. (pediatric* or paediatric*).tw.
44. school/ or high school/ or kindergarten/ or middle school/ or nursery school/ or primary school/
45. (nursery school* or kindergar* or primary school* or secondary school* or elementary school* or high school* or highschool*).tw.
46. 33 or 34 or 35 or 36 or 37 or 38 or 39 or 40 or 41 or 42 or 43 or 44 or 45
47. 32 and 46
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D I F F E R E N C E S   B E T W E E N   P R O T O C O L   A N D   R E V I E W

We had intended to assess the diagnostic value of both individual and combinations of clinical symptoms and signs. However, we were
only able to analyze individual clinical features because none of our included studies reported data on combinations of clinical symptoms
and signs. In our protocol we had proposed to extract and analyze data on rash and sore throat. However, data on rash were not reported
in our included studies. One study presented data on sore throat, but this was not present in any children within the study population
(Agarwal 2009). We summarised study-specific sensitivity and specificity values with 95% CIs using forest plots. We also calculated 95%
CIs for post-test probabilities based on the absence or presence of each clinical feature studied.

In our protocol, we stated that we would add an item to our quality assessment tool (item 12) on whether a study provided a clear definition
of what was considered to be a positive M. pneumoniae result. However, we decided not to include this item in our review because, having
extracted data from our included studies, we felt that items 1 (representative spectrum) and 2 (acceptability of the reference standard)
would be more appropriate factors on which to base our sensitivity analysis. We included an additional criterion to item 1 (representative
spectrum) stating that we would not consider a study which only recruited participants from a limited spectrum of disease severity within
that study's chosen healthcare setting to have included a representative spectrum of patients. We had planned to perform sensitivity
analyses based on items 10 (reporting of uninterpretable or intermediate test results) and 11 (explanation of withdrawals) of our quality
assessment tool but did not have suEicient data to do so.

We had also planned to explore several factors as potential sources of heterogeneity: participant age group (preschool (up to four years)
versus school age (five to 12 years) versus adolescents (13 to 18 years)), healthcare setting (community versus hospital), method of
diagnosing community-acquired pneumonia (based on clinical criteria only or on clinical and radiological criteria), serological methods of
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diagnosing M. pneumoniae (high antibody titre on single serum sample versus significant rise in antibody titre) and use of other laboratory
methods alongside serology to diagnose M. pneumoniae. However, in this review, we only had suEicient data to explore the use of other
laboratory methods alongside serology as a potential source of heterogeneity in our analysis of wheeze. Among the six studies which
reported data on wheeze, only one study (Agarwal 2009) diagnosed community-acquired pneumonia based on clinical criteria only and
diagnosed M. pneumoniae based on a single high antibody titre. We therefore did not investigate these factors as potential sources of
heterogeneity, since we had already performed sensitivity analyses excluding data from Agarwal 2009. We did not have suEicient data to
perform investigations of heterogeneity for any of the other clinical symptoms or signs studied in this review. We were unable to explore
healthcare setting as a potential source of heterogeneity because all of our included studies were conducted in hospital settings. We were
also unable to explore participant age group as a potential source of heterogeneity because our included studies did not report data
stratified according to our age groups of interest.

I N D E X   T E R M S

Medical Subject Headings (MeSH)

*Mycoplasma pneumoniae;  Community-Acquired Infections  [diagnosis]  [microbiology];  Pneumonia, Mycoplasma  [*diagnosis]; 
Randomized Controlled Trials as Topic;  Respiratory Sounds;  Symptom Assessment  [*methods]

MeSH check words

Adolescent; Child; Humans
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