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Introduction

Mycoplasma pneumoniae is a common cause of community-acquired pneumonia (CAP) transmitted by aerosol or close contact. Major increases and decreases in M.pneumoniae infection have occurred periodically in the UK and severity of clinical symptoms range from asymptomatic to pronounced pneumonia [START_REF] Harrison | Clinical Overview of typical M. pneumoniae infections[END_REF]. Mycoplasma pneumoniae is found in all age groups however it is one of the most common etiological agents of CAP found in children with pneumonia over 5 years old [START_REF]BTS Guidelines for the Management of Community Acquired Pneumonia in Childhood[END_REF]. Admissions to a UK hospital in patients with CAP that were attributable to M. pneumoniae were estimated at 18% in 1982 and 4% in 1999 [START_REF] Howard | Microbiological profile of community-acquired pneumonia in adults over the last 20 years[END_REF]. Historically within the UK M. pneumoniae epidemics have occurred at approximately four yearly intervals and have lasted 12 to 15 months, concurrent with sporadic infection at a lower level (Fig. 1). In England and Wales data from voluntary laboratory reports are collated by the Health Protection Agency Centre for Infections (HPA) to give a representative indication of the number of patients testing positive for M. pneumoniae per week, (Fig. 1). Data on patients testing negative is not available and because reporting is voluntary is it not known whether the data reported is a true representation of the number of positive cases in England and Wales. Furthermore, since 1999 the number of voluntary reports received has decreased and the reducing incidence of M. pneumoniae has mirrored the reduction in incidence of respiratory tract infections and consequent reduced antibiotic prescribing in England and Wales, leading to a need for a more robust surveillance system for respiratory infections (Fig. 1) [START_REF] Fleming | The reducing incidence of respiratory tract infection and its relation to antibiotic prescribing[END_REF][START_REF] Fleming | Lessons from 40 years' surveillance of influenza in England and Wales[END_REF] pneumoniae by real-time polymerase chain reaction (PCR) amplifying the P1 cytadhesin gene [START_REF] Pitcher | Real-time detection of M. pneumoniae in respiratory samples with an internal processing control[END_REF]. Data was collated regarding date of sampling, date of onset of respiratory symptoms, respiratory symptoms, age, sex, geographical location, M. pneumoniae detection and mixed infections with respiratory viruses. To give an indication of carriage in the community this method was also used to detect M. pneumoniae in 428 individuals in households in Hertfordshire, UK. Ethical approval was obtained.

Materials and methods

Clinical samplessymptomatic patients

A total of 3987 anonymised combined nose and throat swabs were taken from patients attending GPs during the winter months (weeks ~35-20) of 2005-2009 as part of the annual viral epidemiological screen. All age groups were included except during the 2008-2009 period which included only children less than 15 years old. Samples were taken from patients (mean age 33.2, SD±21.3, range 0 to 99 years) with clinical symptoms in the following categories, upper respiratory tract infection (URTI, sore throat, runny nose ± otitis media); lower respiratory tract infection (LRTI, cough, dyspnoea, acute bronchitis, bronchitis or pneumonia); constitutional infection (fever, myalgia); influenza like illness (fever, myalgia and cough with duration of <5 days). A complete record of age, sex, onset and clinical signs was not available for every patient and antibiotic use prior to presentation was not known. Nucleic acid was extracted from the samples using the Roche MagNAPure robot using DNA isolation kit III (Roche Diagnostics) according to the manufacturers instructions and examined for evidence of respiratory viruses as described previously [START_REF] Ellis | Multiplex reverse transcription -PCR for surveillance of Influenza A and B viruses in England and Wales in 1995 and 1996[END_REF][START_REF] Stephenson | Neuraminidase resistance after oseltamivir treatment of acute influenza A and B in children[END_REF]. Total nucleic acid extracts were stored at -80 o C prior to testing for M. pneumoniae DNA by real-time PCR [START_REF] Pitcher | Real-time detection of M. pneumoniae in respiratory samples with an internal processing control[END_REF].

Clinical samples -community subjects

Subjects asymptomatic for respiratory infections during the same time period as above were not available for testing. Nasopharyngeal swabs were collected from 428 individuals from Hertfordshire, England in October 2001 as part of a study on pneumococcal carriage in healthy children and their families [START_REF] Hussain | A longitudinal household study of S. pneumoniae nasopharyngeal carriage in a UK setting[END_REF]. These samples were included in this study to ascertain the level of M. pneumoniae in the community population. Participants included family households with pre-school children, their parents, grandparents and siblings and therefore sampling was biased towards households with younger average age groups. DNA was extracted from swabs as detailed above after microbiological culture plating for other pathogens and exclusion criteria have been previously described [START_REF] Hussain | A longitudinal household study of S. pneumoniae nasopharyngeal carriage in a UK setting[END_REF].

Mycoplasma pneumoniae PCR LightCycler assay

Assays were carried out using a LightCycler™ (Roche, United Kingdom) to amplify both M. pneumoniae and an internal processing control that detects inhibitory samples, with detection of 10 copies or more of the M. pneumoniae target sequence in 5 µl sample DNA [START_REF] Pitcher | Real-time detection of M. pneumoniae in respiratory samples with an internal processing control[END_REF]. Uracil-DNA glycosylase (Roche) was added to each reaction to eliminate carry over contamination [START_REF] Longo | Use of uracil DNA glycosylate to control carry-over in polymerase chain reaction[END_REF]. Only 0.1% (4/4448, 95%CI 0.01-0.5) of samples were inhibitory to the assay of which all were negative on repeat testing on 1/10 dilutions [START_REF] Pitcher | Real-time detection of M. pneumoniae in respiratory samples with an internal processing control[END_REF].

Data was analysed using Roche LightCycler software version 3.5 and an estimation of detectable M. pneumoniae DNA was made in direct comparison to a positive standard curve.

Statistical analysis

All statistical analysis was performed with GraphPad Quickcalcs (http://www.graphpad.com/quickcalcs/index.cf) (GraphPad Software Inc.) or in Microsoft

Excel. The probability of a type I error (α) of 0.05 was taken for all analyses and 95% confidence intervals are included where relevant. pneumoniae.

Results

Mycoplasma

The number of M. pneumoniae positives cases per week is shown in addition to influenza virus, human metapneumonvirus (HMPV) and RSV (Fig. 3). Mixed infections were detected in 4/65 (6.2%, 95%CI 1.9-15.2) symptomatic patients that were PCR positive for M. pneumoniae. One patient had M. pneumoniae and influenza B, two M. pneumoniae and influenza A H1 and one M. pneumoniae and influenza A H3.

Discussion

The level of M. pneumoniae infection detected in symptomatic patients was low However, immunity may be transitory and recurrent isolation and serological responses have been found [START_REF] Ferwerda | Respiratory tract infections by Mycoplasma pneumoniae in children: a review of diagnostic and therapeutic measures[END_REF] and persistent infections have been noted [START_REF] Foy | Infections caused by M. pneumoniae and possible carrier state in different populations of patients[END_REF]. Younger children and infants have an increased severity of clinical signs when infected with M. pneumoniae in comparison to older children [START_REF] Vervloet | Infection by Mycoplasma pneumoniae and its importance as an etiological agent in childhood community-acquired pneumonias[END_REF], again perhaps reflecting lack of previous exposure.

(
Positive patients were on average 5 years younger than negative patients reinforcing M.

pneumoniae as an infection more common in younger patients.

Kleemola et al. [START_REF] Kleemola | Outbreak of M. pneumoniae infection among hospital personnel studied by a nucleic acid hybridization test[END_REF] found that 3 weeks after PCR confirmed infection during an outbreak of M. pneumoniae 93% of cases were negative by PCR, indicating clearance of detectable organisms occurs in under 21 days in most individuals. In this study all M. pneumoniae positive cases were detected within 17 days, however follow-up samples were not available to ascertain clearance of infection.

In this study the youngest infected patient was 9 months old. Defilippi et al. [START_REF] Defilippi | Epidemiology and clinical features of Mycoplasma pneumoniae infection in children[END_REF] recently reported infection in infants of only 1 month old and noted that children less than 5 years old had a differing clinical presentation to older children (tachypnoea, upper respiratory tract involvement, diarrhoea and vomiting were more common) and are more likely to have concurrent RSV infection [START_REF] Defilippi | Epidemiology and clinical features of Mycoplasma pneumoniae infection in children[END_REF]. By comparing observed peaks of infected individuals (Fig. 3) M. pneumoniae infection seems to run concurrently with RSV rather than with influenza annual peaks, however, specific association has not been made.

Mixed infections were detected in symptomatic patients that were PCR positive for M.

pneumoniae with influenza B, influenza A H1 or influenza A H3. Similar to this study mixed infections have been documented in a region of France in nasal swabs [START_REF] Layani-Milon | Incidence of upper respiratory tract Mycoplasma pneumoniae infections among outpatients in Rhône-Alpes, France, during five successive winter periods[END_REF] in which mixed infections of M. pneumoniae with RSV, influenza A and B were recorded each year and M. pneumoniae was found to be the second most prevalent pathogen under test (to influenza A). Over a five year period M. pneumoniae detection in a region of France varied from 2.0% to 10.1%, proposed to be attributed to epidemic and sporadic circulating strains. In our study detection rates were lower per annum (0.9 to 3.0%), perhaps reflecting a sporadic circulation of strains as opposed to an epidemic year due to a strain of M. pneumoniae.

Symptomatic patients were only examined during September to April in this study and therefore the annual rate cannot be calculated and seasonal differences cannot be inferred.

Recently Nilsson et al. [START_REF] Nilsson | Clinical severity of Mycoplasma pneumoniae (MP) infection is associated with bacterial load in oropharyngeal secretions but not with MP genotype[END_REF] demonstrated that oropharyngeal secretions from hospitalized patients contained higher detectable loads of M. pneumoniae than outpatients. In this study of patients presenting to GPs, those with LRT clinical signs had higher loads than patients with URT clinical signs or patients with both URT and LRT clinical signs. The DNA load was also higher in patients with fever, without LRT or URT, although a statistical difference was not found in either comparison.

Asymptomatic carriage has been reported to occur within the community and up to 13% of healthy adults may act as carriers of M. pneumoniae during epidemic periods [START_REF] Foy | Infections caused by M. pneumoniae and possible carrier state in different populations of patients[END_REF][START_REF] Gnarpe | Prevalence of M. pneumoniae in subjectively healthy individuals[END_REF] 

  . Nucleic acid based surveillance screening has been used at the HPA and Royal College of General Practitioners Birmingham Research Unit for a number of years examining annual epidemics in England and Wales of influenza, respiratory syncytial virus (RSV) and human metapneumovirus in symptomatic patients attending sentinel general practitioners surgeries with respiratory symptoms (http://www.rcgp.org.uk/bru_/bru_home.aspx). The England and Wales respiratory viral screening programme during 2005 to 2009 was extended to include the detection of M.
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 123123 Fig. 1. Laboratory reports of M. pneumoniae to HPA Centre for Infections in England and Wales by date of report (1990-2010) including serological molecular and culture test results

  

  Children aged 5 to 14 years presenting to general practitioners with evidence of respiratory infection were more likely to have detectable M. pneumoniae DNA than all other age groups (3.0%, 17/564, 95%CI 1.9-4.8, Fishers exact test p=0.03, Table1, Fig.2) irrespective of clinical signs. This was

	attributed to the 2005-2006 season in which 6.0% (12/200, 95% CI 3.4-10.3) of 5-14
	year olds sampled had detectable M. pneumoniae in comparison to 2.2% in 2006-2007
	(3/141 95% CI 0.5-6.4), 2.2% in 2007-2008 (2/89 95% CI 0.1-8.3) and 0% in 2008-2009
	(0/151 95% CI 0-2.9). A significant number of positive cases in the 5-14 year olds (6.0%)
	in 2005-2006 was found when compared to all age groups in all years (1.3%, 53/3787,
	95% CI 0.9-2.0, Fishers exact test p=0.0001). A decreasing incidence trend was seen in
	all age groups from 2005 to 2009 excepting those under 5 years (Fig. 2). The 5 to 14
		4 ±SD2.8x10	4 ) than patients with URT clinical signs only
	(4.4x10 3 ±SD7.3x10	3 ) or patients with both URT and LRT clinical signs
	pneumoniae was detected in 1.7% (65/3987, 95% CI, 1.3-2.1) samples ±SD5.9x10 3 (4.2x10 3 ). The DNA load was also higher in patients with fever, without LRT
	from patients presenting to general practitioners with influenza like illness and 0.2% or URT (9.8x10 3 ±SD2.2x10 4 ). Load data was normally distributed if log transformed for
	(1/428, 95% CI 0.01-1.5) community subjects. Symptomatic patients were more likely to all categories. A statistical difference was not found in either comparison (using
	have detectable M. pneumoniae DNA than community subjects (Fishers Exact test Student's t-test). No difference was found in age groups and DNA load of M.
	p=0.02). Laboratory reports of M. pneumoniae to HPA Centre for Infections in England
	and Wales by date of report, 1990-2010, including serological, molecular and culture test

results are shown (Fig.

1

). Detailed results for all age groups and clinical signs are listed (Table

1

). M. pneumoniae infection was detected in 41/2877 (1.4%, 95% CI 0.8-2.2) symptomatic adult patients aged 15 years and older. year old age group was less likely to have M. pneumoniae in the 2008-2009 season than other seasons (0/151, 0%, 95% CI 0-2.9 vs 17/430, 4.0%, 95% CI 2.

4-6.3 Fishers exact test p=0.009). Positive patients were on average 5 years younger than negative patients (positive 26.7±SD19.5, negative 32.1±SD21.3). The youngest infected patient was 9 months old. All M. pneumoniae positive cases presented and were detected within 17 days of onset of symptoms (0-17 days, mean 5 ±SD3.8), whereas negative patients presented up to 87 days post onset (0-87 days, mean 5 ±SD6.3).

In this study of patients presenting to GPs, those with LRT clinical signs only had higher M. pneumoniae loads

(1.1x10 

  M. pneumoniae in the population outside a M. pneumoniae epidemic period. It would be interesting to determine the level of carriage in asymptomatic patients with M. pneumoniae in the population during a M. pneumoniae epidemic period, however such samples were not available in this study. Symptomatic patients were more likely to have detectable M. pneumoniae DNA than community subjects (Fishers Exact test p=0.02). Mixed infections with influenza viruses were detected in 6.2% of all M. pneumoniae positive cases. In 2005-2006 6.0% 5-14 year olds presenting to GPs with respiratory symptoms/influenza-like illness had detectable M. pneumoniae infection.

	. In total 1.7% (65/3987, 95% CI, 1.3-2.1) samples from patients presenting to
	general practitioners with influenza like illness and 0.2% (1/428, 95% CI 0.01-1.5)
	community subjects were positive by PCR, giving an indication of the level of carriage of
	Focussing epidemiological studies on children only may result in the detection of
	outbreaks and individuals most susceptible to severe infection whilst decreasing the
	costs of large scale screening. Defilippi et al. [4] found that as many as 11% of children
	hospitalised with lower respiratory signs have M. pneumoniae detectable by PCR. This
	fact, combined with the data shown here which indicate that 1 in every 15 children aged
	5-14 in winter 2005/06 attending general practitioners with clinical respiratory signs had
	detectable M pneumoniae in a non-invasive sample signifies that an increase in testing
	of children may be beneficial. This study establishes the feasibility of mass screening for
	Mycoplasma pneumoniae detection that can help inform GPs and hospital clinicians
	particularly paediatricians of likely epidemic years.
	To conclude, this study describes detection of M. pneumoniae infection by PCR
	in England and Wales linked to a well established virological surveillance programmes.

The length of colonisation in asymptomatic individuals, the rate of transmission to others and the proportion that go on to develop clinical signs of M. pneumoniae infection remains unknown.

Overall M. pneumoniae was detected in 1.7% patients presenting to GPs with respiratory symptoms/influenza-like illness and in 0.2% community subjects.
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