
 

 

 

 

Mycoplasma pneumoniae infection 
in early childhood 
 
 Disease presentation and long-term effect on lung function

 

Facul
Ph.d thesis by Birgitte Boysen Kjær, M.D. 

ty of Health Sciences, University of Copenhagen 

Copenhagen 2005 



 2



Acknowledgements 
The work presented in the present thesis was carried out during my employment at the 

Mycoplasma Laboratory at the Department of Bacteriology, Mycology and Parasitology, 

Statens Serum Institut (SSI), Copenhagen.  

 

Several people were involved in this thesis. First of all, I would like to express my gratitude 

to my supervisors. I wish to thank Jørgen Skov Jensen, MD, PhD., for being very patient 

with me and letting me benefit from his large in-sight into microbiological diagnostics, and 

also for his sincere and apolitical character and high ethical standards. Hans Bisgaard, 

MD, DMSc, professor of paediatric pulmonology, is thanked for taking me in and allowing 

me to do the lung function tests at his department. Also, I want to thank Hans for 

encouragement, fruitful discussions and constructive criticism. I also wish to thank my co-

supervisor, Anders Fomsgaard, MD, PhD., for making the virological PCR testing possible. 

 

Secondly, I owe my greatest thanks to all the parents and children who participated and 

without whom this thesis would not have been possible. 

 

Also, I completely relied on the patience and friendliness of Kim G. Nielsen, MD, to teach 

me how to handle equipment and children for the lung function testing. I am very grateful 

to Jacob Anhøj for his skilful construction of the databases and the discussions involved in 

that process. 

 

My warmest thanks go to Anders Mørup Jensen, chief statistician, for his outstanding help 

in data discussion and analysis and for his patience with my statistical skills. 

 

Furthermore, I am sincerely grateful to all of the staff at SSI who have made my time at the 

institute a memorable experience. My special thanks go to the technicians at the 

Mycoplasma laboratory who so willingly and skilfully helped in conducting all of the 

bacterial PCRs; and likewise I thank all the technicians at the Department of Virology who 

were very helpful in conducting all of the viral PCRs. I also wish to thank the team at 

COPSAC for creating a welcoming and cheerful athmosphere. 

 

 

Endless warm thoughts go to my fellow PhD.-students, especially Ditte Marie Dragsted for 

being my steady companion at SSI and for hours of scientific and less scientific chats, and 

to Kim Ekelund Johansen for his wonderfully skewed sense of humour. 

 3



 

Above all, I am deeply grateful to my family for guiding me how to stay on the track, for 

patient encouragement and for putting things into perspective.  

 

The study was partly supported by a grant from the Kong Christian IX og Dronnings 

Louises Jubilæumslegat. 

 

 

Copenhagen, April 2005 

Birgitte Boysen Kjær

 4



List of papers 
 

Paper I 
Mycoplasma pneumoniae infection in early childhood. Disease presentation in 0-to-5-year-

old children. 

Birgitte Boysen Kjær, Anders Mørup Jensen, Anders Fomsgaard, Louise Torp Dalgaard, 

Jørgen Skov Jensen. 

 

 

Paper II 
Lung function and bronchial responsiveness after Mycoplasma pneumoniae infection in 

early childhood.  

Birgitte Boysen Kjær, Jørgen Skov Jensen, Kim G. Nielsen, Anders Fomsgaard, Blenda 

Böttiger, Birthe Dohn, Hans Bisgaard. 

 

 

 5



 6



Table of contents 

1 List of abbreviations ................................................................................. 8 

2 Introduction................................................................................................ 9 
2.1 History & microbiology of M. pneumoniae ........................................................9 
2.2 Epidemiology ..................................................................................................12 
2.3 Clinical manifestations ....................................................................................13 
2.4 Infection and asthma ......................................................................................16 

3 Hypotheses and aims.............................................................................. 21 

4 Overview of project design..................................................................... 23 

5 Microbiology ............................................................................................ 25 
5.1 Purpose ..........................................................................................................25 
5.2 Methods..........................................................................................................25 
5.3 General methodological discussion ................................................................28 

5.3.1 Study material and classification of participants......................................30 
5.3.2 Choice of material for the PCR panel ......................................................33 

5.4 Conclusion......................................................................................................34 

6 Disease presentation (questionnaire study, paper I) ........................... 35 
6.1 Purpose ..........................................................................................................35 
6.2 Methods..........................................................................................................35 
6.3 Results............................................................................................................38 
6.4 Discussion ......................................................................................................50 

6.4.1 Findings...................................................................................................50 
6.4.2 Methodological considerations ................................................................53 

6.5 Conclusions ....................................................................................................55 

7 Long-term effect of M. pneumoniae (lung function study, paper II).... 57 
7.1 Purpose ..........................................................................................................57 
7.2 Methods..........................................................................................................57 
7.3 Results............................................................................................................60 
7.4 Discussion ......................................................................................................67 

7.4.1 Findings...................................................................................................67 
7.4.2 Methodological considerations ................................................................69 

7.5 Conclusion......................................................................................................74 

8 Conclusions and perspectives............................................................... 75 

9 English summary..................................................................................... 77 

10 Dansk resumé....................................................................................... 79 

11 Reference list........................................................................................ 83 

12 Appendix 1  Questionnaire 1 ............................................................... 91 

13 Appendix 2  Questionnaire 2 ............................................................... 99 

14 Appendix 3  Additional data from the questionnaire study............ 103 

15 Appendix 4  Lung function test system ........................................... 113 

16 Appendix 5  …. adults talk too much… ............................................ 117 

 

 7



1 List of abbreviations 
 

BAL Bronchoalveolar lavage 

BHR Bronchial hyperresponsiveness 

CACh Cold air challenge  

CF test Complement fixation test 

COPSAC Copenhagen Studies on Asthma in Childhood 

GP General practitioner 

DNA Deoxyribonucleic acid 

FEV1 Forced expiratory volume in one second 

IC Internal processing control 

LAF Laminar air flow 

Mpn Mycoplasma pneumoniae  

Mpn-Neg Mycoplasma pneumoniae PCR negative 

Mpn-PCR Mycoplasma pneumoniae PCR  

Mpn-Pos Mycoplasma pneumoniae PCR positive 

PAP Primary atypical pneumonia 

PCR Polymerase chain reaction 

PV pos predictive value of a positive test result 

PV neg predictive value of a negative test result 

RNA Ribonucleic acid 

RT-PCR Reverse transcriptase PCR 

SPT Skin prick test 

sRaw specific airway resistance 

Taq Thermus aquaticus 
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2 Introduction 
Disease from Mycoplasma (M.) pneumoniae is less well described for pre-school children 

than for school-age children, where the infection is known to have variable clinical 

manifestations. Pneumonia is the most important manifestation and occurs in up to 30% of 

school age children, but overall pneumonia represents less than 5 – 10% of the infections. 

M. pneumoniae is known to exacerbate asthma and has also been associated with the 

development of asthma in case-control studies or case-reports. 

2.1 History & microbiology of M. pneumoniae  

Today, atypical pneumonia is known to include bacteria as well as viruses as possible 

different microbiological aetiologies, but for many years M. pneumoniae was the only 

bacterium associated with this term and, before that, the original term was “primary 

atypical pneumonia of unknown aetiology” (PAP).  

PAP was defined as a separate clinical entity in the late 1930s and beginning of the 1940s 

because of the lack of effect of sulphonamides and a clinical presentation with relatively 

mild and self-limiting pneumonias (Dingle and Finland, 1942; Reimann, 1938).  

In the two decades to come, M. pneumoniae was isolated and characterised as an 

aetiological agent and a pathogenic bacterium. During the 1960s and –70s, 

epidemiological studies investigated the significance of the bacterium in human respiratory 

tract infections. 

For long the aetiological agent was considered to be a virus, known as the Eaton agent 

since Eaton et al. in 1942-45 demonstrated a filterable agent that was transmissible to 

cotton rats, hamsters and chick embryos, and which could be neutralised by convalescent 

sera from patients with PAP. (Eaton et al., 1942; Eaton et al., 1944; Eaton et al., 1945a; 

Eaton et al., 1945b) 

In 1962, Chanock et al. (Chanock et al., 1962a; Chanock et al., 1962b) succeeded in 

culturing the Eaton agent and thereby enabling the final classification as a bacterium 

belonging to the family Mycoplasmataceae. Koch’s postulates for being a pathogen were 

fulfilled, including earlier studies showing that the infections could be initiated in volunteers 

inoculated with the bacterium (Chanock et al., 1961b). The name Mycoplasma 

pneumoniae was proposed in 1963 (Chanock et al., 1963). 

Mycoplasmas have been known as “pleuropneumonia-like organisms” since the late 

1800s, and more than 100 different species are known which may infect or colonise plants, 

animals or humans. Currently, 16 mycoplasma species have been isolated from humans 

 9



(Krause and Taylor-Robinson, 1992; Waites, 2003), but only few are known to be able to 

cause infection. M. pneumoniae is the best known mycoplasma as a human pathogen. 

 

The total lack of a cell wall is the single most important feature and makes mycoplasmas 

unique among prokaryotes. This is responsible for many of their properties, such as their 

sensitivity to drying, detergents, antibody or complement, and causes their pleomorphic 

appearance. On agar media, the most characteristic appearance is fried-egg colonies on 

agar media (figure 2.1). 

 

Figure 2.1 

 

Fried-egg mycoplasma colonies on agar media  
 

The lack of a cell wall also explains their total resistance to beta-lactam antimicrobials such 

as penicillins and cephalosporines. Tetracyclines and macrolides inhibit the growth of M. 

pneumoniae, and macrolides are the drugs of choice in Denmark. Fluoroquinolones are 

bactericidal and also active although their minimal inhibitory concentrations (MICs) are 

several-fold higher than that of the macrolides (Waites, 2003), but they are not 

recommended for children or for primary care distribution in Denmark. Macrolide treatment 

shortens the duration and intensity of symptoms, but erythromycin – or tetracycline - does 

not necessarily cause microbiological eradication. The newer macrolides are as effective 

as erythromycin and are generally preferred due to their greater tolerability, dosing 

requirements, and shorter treatment duration for azithromycin (Waites, 2003).  

Mycoplasmas are smaller than all other bacteria both in cellular as well as genomic size, 

and this makes them the smallest free-living, self-replicating organisms known. The small 

genome also explains their limited biosynthetic capabilities and fastidious growth 

requirements making culture difficult. Thus, for M. pneumoniae, the difficult and slow 
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culture (up to 4 – 5 weeks) has made serological testing the choice for routine diagnosis, 

using many different types of tests in different laboratories. More recently, however, 

polymerase chain reaction (PCR) has become more widely used for fast and early 

diagnosis. Serological testing, regardless which type, is highly dependant on the timing of 

sampling in relation to disease onset and has problems in terms of specificity due to cross-

reactivity. Also, PCR varies between laboratories and no standardized protocols exist to 

ease comparison from study to study. Thus, no golden standard of diagnostic procedures 

for M. pneumoniae exists, and recommendations for diagnostic procedures are not 

uniformly agreed upon at present. 

 

Histopathological descriptions of human cases are rare because of the few fatal cases, but 

a reasonable understanding of the pathological process can be obtained from animal 

studies, tracheal tissue cultures, human biopsies and post-mortem material (Cherry, 1998).  

 

Figure 2.2 

 

Filamentous M. pneumoniae organism attaching to ciliated epithelial cells between individual cilia 
with its terminal structure (arrow) containing the main adhesin P1. From human tracheas in organ 
culture infected with virulent M. pneumoniae for 48 hours. (Reproduced from a slide kindly provided 
by Albert M. Collier, Dept. of Pediatrics, University of North Carolina, Chapel Hill, North Carolina, 
USA.) 
 

In the pathogenesis of M. pneumoniae, the attachment to host cells in the respiratory tract 

by the P1-adhesion protein in the tip-like terminal structure (figure 2.2) protects the 

bacteria from being removed by the mucociliary clearance.  

This is followed by ciliostasis through cytotoxicity (predominantly peroxide production), 

inflammation and exfoliation of infected cells creating an exudate of debris and 

inflammatory substances. In case of pneumonia, the walls of the bronchi and bronchioles 

 11



are thickened by oedema and a cellular infiltrate (macrophages, lymphocytes and plasma 

cells), which extends to involve the alveolar walls and interstitial spaces, and also contains 

erythrocytes from dilated septal capillaries. Gross examination of the lungs reveals areas 

of haemorrhage and congestion and pneumonic areas may be discrete or widespread. 

2.2 Epidemiology 

Infections with M. pneumoniae have been described from most parts of the world. It occurs 

endemically throughout the year with predominance in the fall and winter, increasing in an 

earlier season than common respiratory infections such as RSV and influenza. Epidemics 

are most often reported to occur about every 4 – 5 years, but the regularity varies from 

study to study; and in Denmark a very regular pattern of epidemics every 4.5 years since 

1958 was broken in 1975 with a more unpredictable pattern since then, - intervals have 

varied between 3 and 9 years. It is, however, characteristic that an epidemic, which 

develops slowly and lasts for several months, is followed by some years with a very low 

incidence (Clyde, 1993; Lind and Bentzon, 1988; Lind and Bentzon, 1991). The latest 

Danish epidemic was in the fall and winter of 1998/99. This was the first epidemic to be 

registered by PCR as well as by serology, and PCR results showed an increasing 

incidence from July and onwards, whereas a convincing increase demonstrated by 

serology was noted approximately 2 months later.  

The incidence of M. pneumoniae infections is difficult to assess because of these 

seasonal/epidemic changes as well as the presence of asymptomatic cases. In patients 

with respiratory tract infection it is quite common and it accounts for 10 to 20 percent of 

community-acquired pneumonias (Cherry, 1998). Roughly, the literature on M. 

pneumoniae prevalence and significance can be divided into studies designed to describe 

the epidemiological and/or clinical presentations of the microbe (population-based and 

clinical cohort studies), or studies selecting for various clinical diagnoses designed to 

describe the microbiology of clinical entities such as hospitalised or non-hospitalised 

community acquired pneumonia, pharyngitis, acute respiratory tract infections, wheezing 

bronchitis and so forth (case-control studies or equivalents). These two types of studies 

differ in basic principles and prevalence or incidence results cannot readily be extrapolated 

from case-control studies to cohort studies.  

Much of what we know about disease rates comes from population-based studies 

performed in the 1960s and 1970s in Seattle and Michigan (Foy et al., 1970; Foy et al., 

1971; Foy et al., 1979; Monto et al., 1974). In a study covering two epidemics and 

surrounding endemic periods, Foy et al. (Foy et al., 1979), have shown the age-distribution 

of M. pneumoniae infections to have a peak incidence in 5-14-year-old children, but they 

also showed that exposure to the microbe before school age is relatively common, at least 
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as common as in adults. In this age group, however, the infection has traditionally been 

reported to be mild or asymptomatic and hence considered of insignificant importance 

(Fernald et al., 1975; Foy et al., 1966). The ratio of symptomatic to asymptomatic infection 

has varied between types of studies (Cherry, 1998). In family studies, both Foy et al. (Foy 

et al., 1966) and Balassanian et al. (Balassanian and Robbins, 1967) noted that only 15% 

of infections were asymptomatic, whereas higher frequencies have been reported from 

other settings like a boys’ home  or among Marine recruits (Chanock et al., 1961a). 

Likewise, transmission of disease has been higher in family groups (Biberfeld and Sterner, 

1969; Foy et al., 1966) than spread in schools and other situations of brief exposure (Foy 

et al., 1971; Foy and Alexander, 1969). Several studies have described the epidemiology 

and clinical presentations of M. pneumoniae outbreaks in more closed or confined settings 

such as military bases, psychiatric hospitals and boarding schools, but due to the selection 

of cohorts they would be less representative of the natural history of M. pneumoniae 

infection. 

Thus, the correct approach for describing disease epidemiology and communicability is by 

using population-based surveillance systems or open population studies, but since we are 

not aware of any national surveillance systems for mycoplasma infections or recent 

population-based studies, much of the epidemiology of M. pneumoniae still relies on the 

studies mentioned from Seattle and Michigan. Since then, however, childcare in day-care 

institutions has increased and patterns of infection and symptoms in pre-school children 

may well have changed. The Danish epidemiological data are based on results from 

diagnostic testing, i.e. all patients will have had symptoms, so they cannot fully describe 

the epidemiology of M. pneumoniae either.  

From a diagnostic as much as an epidemiological point of view, it is worth noting that 

small, local outbreaks or epidemics occur also during endemic periods of an overall low 

prevalence, and such outbreaks might be overlooked leading to underestimation of the 

significance of M. pneumoniae. 

 

2.3 Clinical manifestations 

Pneumonia is by far the most extensively described and clinically most important 

presentation of an M. pneumoniae infection. M. pneumoniae is responsible for 10-20 

percent of all cases of pneumonia (Cherry, 1998). It is, however, not the most common 

illness caused by this agent, but accounts for only a small fraction (about 3%) of infections 

whereas the majority (almost 80%) of infections manifest themselves as tracheobronchitis, 

pharyngitis and other respiratory symptoms, leaving approximately one fifth asymptomatic 

- as summarized by W.A.Clyde Jr. (Clyde, 1993). These data were extrapolated from three 
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of the early population studies, describing the epidemiology and manifestations in open 

field studies (Alexander et al., 1966; Chanock et al., 1961a; Foy et al., 1966). Typical 

clinical features of M. pneumoniae infections are shown in figure 2.3 (Denny et al., 1971).  

 

Figure 2.3 

 

Classical, clinical features of M. pneumoniae infection, from Denny et al. (Denny et al., 1971) 
 

These findings, based primarily on disease presentation in school age children and adults, 

include exposure from relatively close contacts like household members, an incubation 

period of up to 3 weeks and a gradual onset over several days or a week, which is unlike 

most other respiratory tract infections. Constitutional symptoms are common and often 

pronounced, and these include headache, malaise, sore throat and myalgias much like 

influenza. Fever is very common and often high, especially in children. Cough is initially 

dry and often quite intense, sometimes paroxysmal, and may become productive in case 

of pneumonia. The patient’s complaints will often contrast the poor clinical signs and 

findings as long as the cough is unproductive, whereas an X-ray might reveal an infiltrate. 

No patognomonic features exist for an M. pneumoniae infection, not clinically, 

biochemically or radiographically. But, elevated sedimentation rates and moderate 

leucocytosis have been reported to be characteristic, and radiographically a unilateral, 

lower lobe pneumonia is the most common presentation. 
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The duration of disease is 2-3 weeks on average plus a long convalescent phase with 

fatigue, which may last well over a month. This means that spread within a family may 

cause illness for months before full recovery is achieved (Foy et al., 1966). 

 

Figure 2.4 

 
Extra-pulmonary manifestations from M. pneumoniae infection, from Cassell and Cole (Cassell and 

Cole, 1981) 

 

A wide variety of extra-pulmonary complications has been described with M. pneumoniae 

infection (figue 2.4) (Cassell and Cole, 1981) most often - but not only -  in pneumonic 

cases: haemolytic anaemia, different types of exanthema irrespective of antibiotic 

treatment, otitis media, arthritis, cardiac and neurological symptoms. For some of these 

complications, such as meningitis and encephalitis, it is not fully understood to what extent 

they are mediated through autoantibodies or bacterial invasion. For the majority of 

complications, the associations are based on case-reports or small groups and 

predominantly in adults. None are very common apart from skin manifestations, which may 

be seen in up to 25% of patients, leading to a significant number of patients being 

erroneously deemed allergic to macrolides. 

The list of non-pneumonic respiratory tract disease manifestations is also quite long, the 

majority of them being described most commonly together with pneumonia. When sought 

as the major disease presentation, prevalence varies considerably. But as mentioned 

earlier, mild infections involving the upper or lower respiratory tract or both, are noted 
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frequently as the only manifestation of M. pneumoniae infection in children, adolescents 

and young adults (Cherry, 1998; Fernald et al., 1975). Most commonly pharyngitis and 

acute bronchitis with or without pharyngitis is reported. Less frequent are otitis media, 

bullous myringitis and common cold, whereas sinusitis and croup are quite rare. Bullous 

myringitis was mainly reported in volunteer studies where inoculation doses may have 

been larger than naturally acquired disease. Common cold is only reported in early 

childhood (Fernald et al., 1975). In older children or adults it almost precludes M. 

pneumoniae.  

 

In addition to these diverse manifestations, M. pneumoniae has also been related to 

asthmatic symptoms and this is reviewed in the context of research on infection and 

asthma. 

2.4 Infection and asthma 

Theories behind – a changing paradigm in asthma research 
Research has largely shifted its attention from allergens responsible for sensitisation into 

defining protective factors or rather loss of environmental protective factors during the last 

30-40 years. Now allergic sensitisation is considered by many to be driven by insufficient, 

early stimulation or provocation of the immune system to develop protective factors. This is 

investigated by comparing differences in the life-style in westernised countries of today 

with life-styles more representative of a Western life-style a generation ago, such as 

Sweden and the Baltic countries (Bjorksten et al., 1998; Bjorksten et al., 1999). 

Briefly, the biological basis for these epidemiological data (Mallia and Johnston, 2002) 

have been studied and could be based on the so-called Th1 – Th2 balance: i.e. the 

balance between two different subsets of T helper lymphocytes termed Th1 or type 1 and 

Th2 or type 2, respectively. They differ in the patterns of which cytokines they secrete. The 

type1 phenotype: produces IFN-γ and IL-2, is involved in host defence against microbes, 

and contributes to production of IgG and IgM and cytotoxic T-cell responses. The type 2 

phenotype on the other hand produces IL-4, IL-5 and IL-13, and induces IgE production 

and maturation and recruitment of eosinophils. So type 2 dominance is believed to be 

closely related to an allergic inflammatory profile and atopic phenotype. The neonatal 

immune system is skewed towards a type 2 profile. Over the first 5 years of life the 

immune response switches to a predominantly type 1 response. This shift occurs to a 

lesser degree in atopic children and a consolidation of a type 2 response is seen. The 

cytokine IL-12, produced by antigen presenting cells, is essential for the differentiation of 

the immune system into a type 1 profile. IL -12 production is stimulated by microbial 

products such as lipopolysaccharide and viral nucleic acid. 
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The most recent opinion on environmental effects on development of asthma and allergy 

advocates that the “Th1 / Th2 balance” hypothesis be abandoned in favour of a new group 

of “players in the immune drama”, the regulatory T cells. These cells are capable of 

regulating both Th1 and Th2 responses and are involved in maintaining self-tolerance. The 

proposed relation to asthma is that regulatory T cells are triggered by the innate immune 

system by relatively harmless micro-organisms such as lactobacilli, certain helminths and 

hepatitis A. Improved hygiene has eliminated these micro-organisms as well as their 

protective effect on allergic diseases (Rook et al., 2004; Umetsu and DeKruyff, 2004; 

Watts, 2004). 

 

Epidemiological evidence  
Epidemiological studies have revealed an increasing incidence of asthma and atopic 

diseases over the past 30-40 years beyond what could be explained by genetic 

predisposition. This increase is seen particularly in high-income countries, and in children 

(Holgate, 1999; von Mutius, 1998). Previously, allergic diseases were considered a result 

of allergen exposure. Research focused on increased exposure to and avoidance of indoor 

allergens, outdoor pollutants, dietary changes and changes in patterns of infection in 

childhood. In 1989 Strachan (Strachan, 1989) observed that family size and particularly 

having older siblings was inversely related to the risk of allergic diseases. This formed the 

basis for the so-called “hygiene hypothesis”, according to which older siblings are a marker 

of increased number of infections in early childhood, and Strachan proposed that such 

infections have a protective effect on the immune system in a non-atopic manner. von 

Mutius (von Mutius et al., 1994) applied this idea to former East and West Germany as 

genetically very similar populations and found the same inverse relationship between 

bronchiolitis frequency (a marker of infection) and asthma. When comparing studies that 

use surrogate measures of infection such as day-care attendance or family size, a 

protective effect of infection has been found. If, however, parental reports or doctors’ 

diagnosis of respiratory tract infections are used as a measure of infection rates the 

opposite relationship results, i.e. that increased reporting of respiratory tract infections in 

early life favours the later development of asthma (Mallia and Johnston, 2002). Several 

arguments have been proposed to explain either result, but although strong evidence 

exists from epidemiological studies in favour of a protective effect from early infection 

against later development of asthma, conflicting results have also been reached (Benn et 

al., 2004), and clinical studies have not yet been able to elucidate whether the types of 

clinical presentations investigated represent certain host responses that are related to risk 

of later asthma development or whether respiratory infections are to some extent 

responsible for asthma development.  
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Studies on bacteria and virus 
Early studies on the relationship between asthma and infection included the most common 

respiratory tract bacteria like streptococci, pneumococci and Haemophilus influenzae, but 

then, for a couple of decades, this line of research predominantly devoted itself to 

investigating only viral infections in relation to asthma. Many studies have been published 

exploring issues of exacerbation or initiation of asthma, often resulting in contradictory 

findings. The main focus has been on RS virus and more lately also on rhinoviruses. A 

major problem of resolving the issue of causality for RS virus has been and still is the high 

incidence rates of infection early in life, meaning that control groups will also have been 

infected with RS virus at some point. Consequently, studies commonly stratify by clinical 

presentation like having had bronchiolitis or not. As mentioned, however, such selection 

makes it difficult to distinguish between disease presentation as an effect of microbial 

characteristics or an asthmatic susceptibility of the patient. Population-based cohort 

studies are required to move these investigations forward (Mallia and Johnston, 2002). 

Rhinoviruses have been introduced into this research area much more recently due to 

diagnostic difficulties before the advent of the PCR technique. They have been implicated 

as important triggers of asthma exacerbation (Johnston et al., 1995; Johnston, 1999), but 

investigations of a possible causal relationship to asthma would be expected to pose the 

same difficulties as for RS virus, due to their high prevalence.  

 

M. pneumoniae and asthma 
M. pneumoniae infection has been associated with asthmatic symptoms for more than 30 

years. M. pneumoniae has been associated with bronchiolitis, asthmatic bronchitis and 

exacerbations in asthmatic adults (Seggev et al., 1986) and children (Cherry, 1998) based 

on several studies (Berkovich et al., 1970; Chanock et al., 1960; Chanock et al., 1967; 

Chanock and Parrott, 1965; Denny et al., 1971; Foy et al., 1973; Glezen et al., 1971; Horn 

et al., 1979; Huhti et al., 1974; Loda et al., 1968). Post-infectious impaired lung function 

has also been reported several years ago (Mok et al., 1979; Sabato et al., 1984), where 

Sabato found abnormalities in forced expiratory volume 3 years after the infection. 

Furthermore, associations between M. pneumoniae and inflammatory mediators like 

elevated total serum IgE levels and M. pneumoniae specific IgE have been described in 

children and adults (Seggev et al., 1996; Tipirneni et al., 1980) although this might also 

reflect boosting in already sensitised individuals, i.e. the IgE findings reflect the study 

group (host factors) more than the M. pneumoniae infection (Nagayama et al., 1987; 

Nagayama and Sakurai, 1991). 
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It is, however, not known whether M. pneumoniae can be an initiator or the aetiological 

agent of asthma, which sporadic suggestions indicated when this thesis was planned 

(Kraft et al., 1998; Petrovsky, 1990; Wilsher and Kolbe, 1995; Yano et al., 1994). Yano et 

al. reported onset of asthma in an adult patient M. pneumoniae pneumonia. Kraft et al. 

detected M. pneumoniae by PCR significantly more frequently in chronic, stable, adult 

asthmatic patients (10 / 18) than in controls  

(1 / 11) (Kraft et al., 1998) 

In recent years, M. pneumoniae together with C. pneumoniae has increasingly been 

included in studies on asthma and infection along with viruses due to the similarities in the 

questions addressed and the recognition that they are relevant differential diagnoses. C. 

pneumoniae is not otherwise reviewed here but despite many microbiological differences it 

is very similar to M. pneumoniae in its clinical presentation. 

 

The traditional picture of an M. pneumoniae infection as described in this chapter is 

incomplete. Indeed, since the planning of this project, evidence has begun to accrue that 

M. pneumoniae infection is of greater importance also in early childhood. Over the past 

few years this microbe has experienced considerable renewed interest. Several reviews 

have been published (Cazzola et al., 2004; Ferwerda et al., 2001; Hammerschlag, 2001; 

Hansbro et al., 2004; Principi and Esposito, 2001; Talkington et al., 2001; Waites, 2003; 

Yang et al., 2004). A particular interest of many studies is the relationship between M. 

pneumoniae and asthma addressed by studying disease presentation as well as 

immunological responses to infection in humans of most age groups (Biscardi et al., 2004; 

Esposito et al., 2000; Kim et al., 2000; Koh et al., 2001; Kraft et al., 2002; Marc et al., 

2000; Martin et al., 2001; Thumerelle et al., 2003); and new animal models have been 

developed (Chu et al., 2003; Hardy et al., 2001). New focus has also been given to many 

of the other known disease presentations by M. pneumoniae and the studies also 

increasingly include children younger than 5 years of age (Dorigo-Zetsma et al., 1999a; 

Dorigo-Zetsma et al., 2001; Esposito et al., 2001; Esposito et al., 2004; Kraft et al., 2002; 

2004; Layani-Milon et al., 1999; Tjhie et al., 1998; Tjhie et al., 2000). This increased 

attention is most likely due to a combination of improved means for M. pneumoniae 

detection, such as PCR, and developments in the understanding of immunological 

mechanisms in general and hence new possibilities for this line of investigations. 

Thus, an increasing number of studies confirms that the significance of M. pneumoniae as 

a cause of symptomatic infections in early childhood has been underestimated for long, 

and the characterisation of immunological responses to M. pneumoniae explains the 

mechanisms in exacerbation of asthmatic symptoms, whereas the proposed causal 

 19



relationship between M. pneumoniae and asthma development still primarily relies on 

associations from clinical case-control studies or case-reports on patients with wheeze. 
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3 Hypotheses and aims 
 

Hypotheses 
1) M. pneumoniae is a pathogen causing a variety of clinical manifestations with significant 

and potentially treatable morbidity not only in school-age children, but also in 0 – 5-year-

old children. 2) There is a causal relationship between M. pneumoniae infection and onset 

of asthma.   

 

Aims 
1) To describe acute and convalescent disease presentations and possible development of 

respiratory tract problems in a broadly selected clinical cohort of children younger than 5 

years having a positive M. pneumoniae PCR test as compared to matched controls with a 

negative M. pneumoniae PCR test.  

2) To investigate a possible long-term effect on lung function and bronchial 

responsiveness in a broadly selected clinical cohort of children younger than 5 years from 

the Greater Copenhagen area having a positive M. pneumoniae PCR test as compared to 

matched controls with a negative M. pneumoniae PCR test.  
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4 Overview of project design 
This thesis includes two investigations which were both based on the selection of 

participants from patients having a respiratory tract specimen submitted from doctors of all 

health care sectors for diagnostic PCR on the suspicion of M. pneumoniae infection.  

The studies investigated two separate cohorts, where one cohort described the disease 

presentation and the other investigated long-term effect on lung function and bronchial 

responsiveness. The studies are presented here according to a pathophysiological 

sequence of events although the cohorts were established and investigated in the opposite 

chronological order.  

Thus, the lung function cohort was created retrospectively from patients having samples 

submitted during the epidemic period of the winter of 1998 / -99 with a clinical follow-up 

investigation on average 2 years later in an endemic period. The cohort describing disease 

presentation was formed by patients enrolled in a prospectively collected questionnaire 

study, where participants were invited during an endemic period from October 2000 until 

January 2004. 

The microbiological investigations performed for this ph.d. thesis were almost identical for 

the two papers and therefore, sections about microbiological methods and discussion of 

methodology are combined here. Results from the PCR testing are given and discussed in 

the chapters on each study. All available specimens received from invited patients, were 

tested in a panel of PCRs for bacteria and viruses that were considered clinically relevant 

as differential diagnoses. The bacteria included in the panel were Chlamydia (C.) 

pneumoniae, Bordetella (B.) pertussis, B. parapertussis and Ureaplasma (U.) urealyticum 

and U. parvum (previously 2 biovars). The viruses were influenza A and B virus, 

parainfluenza 1, 2, and 3 virus, respiratory syncytial virus and adenovirus. 

Metapneumovirus was included in the questionnaire study. The inclusion of U. urealyticum 

and U. parvum in the PCR panel was based on previously published associations with 

asthmatic bronchitis (Benn et al., 2002; DeLollis et al., 1997; Kundsin et al., 1996). 
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5 Microbiology 

5.1 Purpose 

The purpose of the extended PCR testing was to characterise participants with respect to 

which microbiological agents might have caused symptoms leading to the testing for M. 

pneumoniae by PCR. Therefore, for the M. pneumoniae negative children, the purpose 

was to obtain a microbiological diagnosis. For the M. pneumoniae positive children, the 

purpose was to evaluate the presence of co-infections.  

5.2 Methods 

General aspects of the bacterial and viral PCR 
The routine diagnostic testing of bacteria by polymerase chain reaction has been 

performed at the Mycoplasma Laboratory, Statens Serum Institut, since 1995. The assays 

have been accredited according to ISO 17025. The tests are validated for all respiratory 

tract specimens such as nasoharyngeal swabs or aspirates, throat swabs, laryngeal- or 

tracheal aspirates, BAL washings or biopsies and sputum specimens. Several types of 

swabs and transport media can be used. 

Sample preparation for PCR is carried out using Chelex-resin for DNA extraction as 

described in detail by Tarp et al. (Tarp et al., 1999). DNA is released from 100 µl of the 

clinical material by thorough mixing with 300 µl 20% (w/v) Chelex 100 slurry (Biorad, 

Hercules, CA, USA) in TE buffer followed by boiling the suspension for 10 min. 

The general set-up for the diagnostic PCRs are in brief: Specimens extracted with the 

Chelex procedure are amplified in a PCR with relevant primers including an internal 

processing control (IC) to monitor PCR-inhibition in order to prevent false negative results. 

The IC consists of phage lambda DNA flanked by the primers of each PCR (Jensen et al., 

2003). The assays are carried out as “hot start” PCRs, adding the Taq DNA polymerase 

after heating to 80oC or by using a Taq antibody mediated hot start. Inhibitory specimens 

are retested in a 1:2 and 1:5 dilution. If the 1:5 dilution is causing inhibiton of the 

amplification of the internal control, the specimen is deemed inhibitory. Less than 1 percent 

of tested samples are inhibitory; in such cases, another specimen is recommended. 

Positive specimens are retested in a PCR with primers detecting a different part of the 

genome. This procedure minimizes the reporting of false positive results from laboratory 

contamination with amplified material, since only specimens positive in both PCR set-ups 

are reported as positive results. 
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Routine processing of patient samples for PCR diagnostic tests require strict regulations in 

handling due to the risk of contamination. Therefore, preparation of reagents and master-

mix is performed in designated LAF hoods, with designated pipettes, filter-tips etc., and 

takes place in rooms separate from sample preparation and set-up of the PCRs. 

Furthermore, in order to avoid opening amplified test tubes in the vicinity of the pre-PCR 

area, handling of PCR products for gel-electrophoresis is performed in a separate building 

by a separate staff of technicians. 

Each PCR set-up includes 2 negative controls (Purified water and purified water subjected 

to the Chelex extraction procedure) and 2 positive controls (one detection limit control 

containing app. 5 genome copies and one containing app. 50 copies), and the master-mix 

includes the IC as described above. 

The routine assays for virus are validated on clinical respiratory secretions and biopsies 

and use cultured virus or cloned RNA transcripts as positive controls. PCR mix 

preparation, sample extraction and real-time amplification / detection were performed in 

different laboratories in separate buildings by designated staff in the ISO 17025 quality 

controlled routine virus PCR diagnostic unit, Department of Virology, Statens Serum 

Institut. 

 

M. pneumoniae PCR 
The design and validation of this PCR is detailed in the thesis by J.S. Jensen (Jensen, 

1992). In brief, specimens extracted with the Chelex procedure are amplified in a PCR 

containing an IC and using the primers P1-178/P1-331, which detect a part of the P1 

adhesin gene of M. pneumoniae (Jensen et al., 1989). Positive specimens are retested in 

a PCR with primers detecting a different part of the P1 gene.  

 

PCR panel 
The PCR panel testing, including re-testing for M. pneumoniae, was performed towards 

the end of both studies after storage of the original materials at –20oC.  

Bacterial PCRs for C. pneumoniae, B. pertussis and B. parapertussis were all tested 

according to the general procedures. U. urealyticum and U. parvum were detected using a 

TaqMan real-time PCR. 

The C. pneumoniae PCR (Tarp et al., 1999) is detailed further in the thesis by S. Farholt 

(Farholt, 1996). Extracted specimens are amplified in a Chlamydia genus PCR detecting 

genes of 16S rRNA common to all chlamydia species. Positive results are confirmed by a 

secondary test using the primers 1A/1B specific to C. pneumoniae (Pollard et al., 1989).  
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The B. pertussis and B. parapertussis PCRs are performed as one multiplex PCR 

detecting both types of bacteria in one assay. The PCR is described in further detail by 

Dragsted et al. (Dragsted et al., 2004; Dragsted, 2004). B. pertussis PCR uses the primer 

pair BP1/BP2mod (a modification of BP2) (Glare et al., 1990). In case of a positive B. 

pertussis, a separate confirmatory test uses the primers BPTOX F/BPTOX R, modified 

from Birkebaek et al. (Birkebaek et al., 1994).  B. parapertussis PCR, which uses the 

primer pair BPPA/BPPZ (van der Zee et al., 1993) has no confirmatory primer pair, so 

positive results are confirmed by re-testing using material from a new sample preparation 

of the original material to out-rule contamination. 

The TaqMan real-time PCR technique for U. urealyticum and U. parvum uses the same 

DNA extraction procedure and general precautions as the other bacterial PCRs, but the 

gel-electrophoresis detection step is avoided. Instead, the increase of fluorescence 

released from cleavage of TaqMan probes during amplification is monitored. The primers 

and probes for this PCR have not yet been published and are not described further here. 

Each specimen is tested in duplicate and the standard principles for determining inhibition 

are applied.  

Viral PCRs were performed as real-time reverse transcriptase PCR (RT-PCR) specific for 

each of the RNA viruses: Influenza A and B virus, parainfluenza 1, 2, and 3 virus, 

respiratory syncytial virus and metapneumovirus using primers and probes previously 

described (Grondahl et al., 1999; Mackay et al., 2003; Osiowy, 1998). Real-time RT-PCR 

was performed with hybridisation or hydrolysis probes for 1-2 virus per capillary using a 

Light-Cycler instrument (Roche) and Master Hybridisation Probes Kit (Roche) according to 

the manufacturer’s instructions. Adenovirus DNA was detected by different techniques in 

the two studies of this thesis. For the lung function study (paper II), a nested PCR (Wadell 

et al., 1999) with gel electrophoresis visualisation was used, whereas a real-time PCR 

design (Heim et al., 2003) was used for the questionnaire study (paper I). Also extraction 

procedures differed between the two studies. For the lung function study, samples for 

adenovirus PCR were extracted by Chelex after the applicability of this approach had been 

tested in simulated and positive patient samples provided by the Department of Virology, 

Statens Serum Institut. All RNA virus extractions used QIAamp Viral RNA Mini Kit 

(Qiagen). For the questionnaire study, nucleic acids for all virus PCRs were extracted by 

the MagNa Pure Total Nucleic Acid Isolation Kit (Roche) designed to extract both DNA and 

RNA. The difference between studies in sample preparation was merely for practical 

reasons and not related to any qualitative differences; and it was a change of extraction 

principle for adenovirus, only. The general viral PCR set-up includes negative controls for 

every 5 - 10 specimens to detect possible contamination and has no secondary, 
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confirmatory test. No internal processing control is used, since inhibition is considered of 

minor importance after either Qiagen or MagNa Pure extraction.  

Metapneumovirus was not tested for in the lung function study, since the relevance of this 

virus was unknown at the time of study planning, and insufficient material was left when 

testing became possible. 

Rhinovirus is also a relevant pathogen for differential diagnosis in the issues addressed 

here, but PCR was unfortunately not available for these studies. 

5.3 General methodological discussion 

PCR has dramatically changed the diagnostic opportunities in many fields over the past 

ten years. It is a sensitive and specific test due to its ability to amplify minute amounts of 

nucleic acids into detectable levels and because it is based on nucleotide sequences 

specific to the gene that is being tested for. As for sensitivity, the ability to amplify a few 

genome copies is also the greatest drawback of the method. Each PCR produces billions 

of amplicons (short pieces of DNA) each with the ability to initiate a false positive result if 

specimens are contaminated with amplification products. Whenever amplified material is 

handled, minute aerosols are generated, leading to airborne contamination. This risk is 

reduced here by the physical separation of different steps of the PCR test, and further 

minimised by submitting any positive test to an independent, confirmatory test. It is likely 

that many of the findings with a surprisingly high detection rate of various pathogens 

reported in several publications are caused by such airborne sporadic contamination. 

Cross-contamination from strongly positive samples to other samples in a set-up is another 

possible type of contamination. As for specificity, PCR in itself is very specific when 

primers are designed properly.  

On the other hand, insufficiently optimised PCR assays may lead to reduced sensitivity. 

Thus PCR tests vary, both between tests and between laboratories.  

The specificity of the M. pneumoniae PCR applied in this study is estimated to be >99%, 

but as for calculations of the sensitivity, such estimates depend on the choice of reference 

test. In most studies, PCR appears to be more sensitive than culture (Dorigo-Zetsma et al., 

1999b; Jensen, 1992; Waring et al., 2001). This is not surprising since PCR will detect 

both viable and dead bacteria and since a good culture method is dependent on quality-

controlled growth media as well as highly skilled technicians. On the other hand, one of the 

limitations of any PCR method is the limited amount of clinical specimen that can be 

analysed in a single PCR without causing inhibition. In comparison with serology, the 

sensitivity of PCR and other direct detection methods often appears to be lower. This may 

seem unacceptable, but several studies have found serology to be the most sensitive.  

Kenny et al. (Kenny et al., 1990) found culture to be only 58% sensitive compared to the 
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complement fixation test. Kok et al. (Kok et al., 1988) detected M. pneumoniae antigen in 

only 43% of samples from seropositive patients, but their method had a significantly higher 

limit of detection than most PCR tests. As mentioned in the introduction, most of the 

available serologic tests are based on M. pneumoniae preparations containing numerous 

antigenic determinants, which may cause problems with test specificity due to cross-

reactivity with other mycoplasmas such as M. genitalium, and also with various types of 

human tissue and spinach (Jacobs, 1993). Furthermore, polyclonal activation of memory 

B-cells (Bernasconi et al., 2002) during other infections may reactivate production of M. 

pneumoniae antibodies in an unspecific manner. So, using serological results as the gold 

standard will inevitably include an unknown percentage of false positive patients (figure 

4.1).  

 

Figure 4.1 

 

PVpos illustrated as a function of disease prevalence using different specificities of the test for a 
test with 95% sensitivity. Note the dramatically decreased PVpos at lower disease prevalence. 
 
When combining cultural and serological criteria, however, the sensitivity of the M. 

pneumoniae PCR assays used in this study was calculated to be 98.4% (61/62 patients 

were PCR positive). Based on this sensitivity and a specificity of 99.4%, the positive 

predictive value (PV pos) of the PCR without a confirmatory test is 77% if the estimated 

endemic prevalence of M. pneumoniae is only 2%, increasing to almost 95% in periods of 

an epidemic (Jensen, 1992). This may seem unacceptably low, but the PV pos may well 

be higher than 77%. The confirmatory test itself adds to the specificity and hence also to 

the PV pos. In a sentinel surveillance study including 831 patients, 33 PCR positive 

specimens were collected; they were subjected to culture and 32 (97%) were culture 
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positive, i.e. PV pos = 97% (J.S. Jensen personal communication). The predictive value of 

a negative test is higher than 99.8% regardless the epidemic situation. 

5.3.1 Study material and classification of participants 

False negative, PCR without serology 
The patient population studied in this thesis was selected based on results of the M. 

pneumoniae PCR testing on diagnostic patient specimens, because it is a valid test 

offering the opportunity to select relatively large cohorts in an acceptable time span.  

The lack of serological testing at the time of M. pneumoniae testing or at clinical 

investigation might be considered a weakness. However, the selection method did not 

allow supplementing the diagnosis with serology since children are rarely subjected to 

blood sampling unless the clinical condition otherwise requires so. Considering the 

problems of interpreting serological results this was felt to be of minor importance. As for 

serological investigations at the time of lung function testing, obtaining blood samples from 

principally healthy children could not be justified and was not applied for at the Ethics 

Committee. Re-testing the children by PCR in connection with the clinical examination was 

not considered relevant in an endemic period and since the children were free of 

respiratory symptoms at the time of examination. 

False negative, timing of sampling 
The timing of sampling in relation to the onset of infection is relevant. The time period in 

which a positive sample can be obtained is not well studied, and therefore no strict 

guidelines exist, but M. pneumoniae can be isolated by culture from the throat for several 

weeks even after antibiotic treatment (Denny et al., 1971). Consequently, it is highly likely 

that PCR remains positive for weeks, sometimes more than a month. In the lung function 

study (paper II) little is known about the acute phase of the disease apart from data from 

the National Registry of Patients. In the questionnaire study (paper I) parents were asked 

for the duration of disease before sampling, and this showed marked variability leading to 

the exclusion of a total of 7 patients as described in chapter 6. However, recruitment for 

the lung function study was undertaken in a period of a publicly announced epidemic, 

which makes it likely that patients responded sooner to respiratory symptoms for diagnosis 

and treatment.  

False negative, predominantly throat swabs 
Children with false negative test results could have been included and thus misclassified 

since only one specimen was analysed from each child. In a recent study, Michelow et al. 

(Michelow et al., 2004) compared the performance of naso- and oropharyngeal specimens 

and found that only six of 12 PCR positive patients were concordant. In a study of adult 
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patients with community acquired pneumonia examined with BAL and throat swabs, only 

3/67 patients were M. pneumoniae positive, but the results from BAL and throat swabs 

were 100% in agreement (Korsgaard et al., 2002). Kraft et al. (Kraft et al., 1998), used 

specimens both from the upper and lower respiratory tract in adults and found that the two 

types supplemented each other. However, the higher yield represented different 

mycoplama species, including types normally considered to be apathogenic, so the 

relevance of their findings is hard to deduce from the data given.  

False positive, PCR level 
As described in the methods section, the present M. pneumoniae PCR test has a very high 

specificity and it is therefore unlikely, that false positive PCR results could have biased the 

findings.  

False positive, patient level 
A possible carrier state of M. pneumoniae has been described earlier (Gnarpe et al., 

1992). They reported carrier rates during an epidemic based on culture as high as 13.4% 

among healthy blood donors, however, the methodology described did not allow for 

identification of M. pneumoniae and it was more likely to be other apathogenic 

mycoplasma species.  When specific identification has been used, the carrier state has 

only been described as a slow clearance rate after symptomatic infections or 

asymptomatic cases after verified exposure to M. pneumoniae (Dorigo-Zetsma et al., 

1999a; Dorigo-Zetsma et al., 2001; Foy, 1993). M. pneumoniae has not been shown to be 

a widespread commensal although this has sometimes been suggested in discussions. 

Thus, it cannot be compared with other potential pathogens causing frequent colonization 

such as pneumoccoci. Recently, we pursued this question by testing samples from two 

cohorts for the presence of M. pneumoniae or C. pneumoniae, and found a very low 

prevalence of both pathogens, even when specimen collection was performed in an 

epidemic period (Kjaer et al., 2004). Specimens from 83 children with otitis media with 

effusion without acute concurrent respiratory infection were collected at tubulation (middle 

ear fluid and nasopharyngeal swabs). The median age was 44 months (range 10 – 101), 

ratio male:female = 1.7:1. The collection period was from January 1998 (endemic) to 

December 1998 (epidemic). Two of 83 (2.4%) children had a positive M. pneumoniae 

PCR, (0.3 – 8.7%, 95%CI); the positive samples were collected in February and October, 

respectively. One child was C. pneumoniae positive. In another part of the study, 

nasopharyngeal swab specimens were collected from 249 healthy children, defined as 

healthy enough to attend day care. Their median age was 53 months (range 11 - 80), sex 

ratio 1:1, and sampling was from an endemic period. Children in this cohort had no tests 

positive for M. pneumoniae or C. pneumoniae (0 – 1.5%, 95% CI).  
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Even in cohorts of children with community-acquired acute respiratory tract infection, M. 

pneumoniae is not frequent outside epidemic periods. In the thesis by S. Farholt (Farholt, 

1996; Klug et al., 1995), 427 symptomatic children (median age 11 months) and 39 age 

matched asymptomatic controls were investigated for the presence of M. pneumoniae, C. 

pneumoniae and C. trachomatis. Four (1%) patients (3 with pneumonia, 1 with wheeze) 

had a positive M. pneumoniae PCR and all controls had negative M. pneumoniae PCRs. 

Thus, carriage is rare and only temporary, and since the aim of this thesis was to describe 

M. pneumoniae infections and possible long-term effects hereof regardless of the severity, 

disease presentation at the time of sampling should be as representative as possible. In 

fact, the frequently cited study by Kraft and Martin et al. (Kraft et al., 1998; Martin et al., 

2001) specifically deals with chronic, asymptomatic infection by M. pneumoniae and other 

mycoplasma species as possible causative agents of asthma in adults. This is in line with 

the traditional interest in chronic, low intensity exposures considered a risk for sensitising.  

Disease presentation is one of several relevant issues when trying to identify subsets of 

patients at potentially higher risk of asthma development after an infection, and this is 

second in line to the initial question “does this microbe cause asthma or not?” As long as 

no such subsets are defined, introducing disease presentation as a classification criterion 

means designing a case-control study rather than a cohort study.  

Disregarding disease manifestations is only possible when sequelae of less frequent 

infections are studied. In case of common infections such as RS virus infections, the 

question of whether the microbe causes asthma is much harder to address because this 

virus is much more prevalent than M. pneumoniae. RS virus peaks in incidence every 

winter, and practically all children will have encountered it at least once in their first 2 years 

of life and re-infection is very frequent. Consequently, a link to asthma development has 

been studied according to clinical disease presentation for stratification, most commonly by 

classifying patients as having bronchiolitis or not. By doing so, unfortunately, disease 

presentation is also a confounder for host responses and makes it difficult to distinguish 

between causality and susceptibility.  

M. pneumoniae is generally considered a common pathogen in school-age children. This 

may to some extent reflect the relatively lower rate of infections due to other microbes in 

this age group. Several studies have shown the seroprevalence to increase from an early 

age (Foy et al., 1979; Hornsleth, 1967; Tuuminen et al., 2000). However, the studies differ 

in terms of selection (few children under 5 years of age; case-control versus population 

cohorts; cross-sectional cohorts versus longitudinal or a mixture (Tuuminen et al., 2000), 

timing (epidemic/post-epidemic versus endemic), diagnostic tests and cut-off values 

(specificity in serology in general, and in particular with relation to the cut-off value for a 

positive test) (Giesecke, 1994). In our experience, the overall seroprevalence is about 2% 
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in endemic and about 10% in epidemic periods in clinical samples from all ages. For PCR 

in children under 7 years of age, the percentages for the endemic situation 1998 and the 

epidemic in 1998/1999 were about 7% and 15%, respectively. It should be borne in mind, 

however, that these figures are highly influenced by the sampling frequency and 

awareness among clinicians requesting the tests. So, the 7% positive rate in the endemic 

period was based on a relatively small number of tests for this age group, whereas a 

positive rate of 25 - 30% in the early epidemic season was reduced after the 

announcement of the epidemic to 15% as an overall positive rate of the epidemic due to a 

bigger proportion of children being tested in this age group.  

5.3.2 Choice of material for the PCR panel 

Bacteria other than M. pneumoniae  
The specimens included in this study are representative of those received for routine 

diagnosis by other bacterial PCRs, and should therefore not pose major problems. 

Regarding timing, the situation is similar to that of M. pneumoniae as discussed above. 

Viral PCRs 
Based on other types of virus detection such as antigen detection assays, the 

recommended material is nasopharyngeal secretions or nasopharyngeal swab specimens, 

but it is not known how essential this recommendation is for PCRs. Timing in relation to 

debut of symptoms is considered more critical for most of the viruses compared to the 

bacteria in question. In general, most of the respiratory viruses studied here are expected 

to be present on mucosal surfaces for about one week from just before onset of symptoms 

and as long as there are symptoms. The patients are contagious in this same symptomatic 

period. However, this has not been studied much. (A. Fomsgaard personal 

communication).  

Since the use of throat swabs is not expected to influence the specificity, the main problem 

of the selected test material is a decreased sensitivity; and inappropriate timing would add 

to that. However, for adenovirus, throat swab material may decrease the clinical 

significance of a positive test result since this pathogen has been described to colonize 

tonsils for prolonged periods after infection (Horwitz, 1996). Consequently, the relatively 

high prevalence of adenovirus is difficult to evaluate. The validity of our finding is in part 

supported by the fact that a similar prevalence of adenovirus infection was found in each of 

our studies regardless of the change in methodology between studies. In the lung function 

study the adenovirus PCR was based on detection by gel electrophoresis after a nested 

PCR, whereas this was changed into a real-time PCR format by the time of the 

questionnaire study.  
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None of the microbes in the PCR panel were used for classification of patients, and the 

results of the PCR panel tests can only be used as supplementary diagnoses when 

positive. If future studies attempt stratification according to various microbiological 

diagnoses these problems should be addressed.  

5.4 Conclusion 

The classification of participants for the studies of this thesis is considered of satisfactory 

validity based on the described accuracy of the M. pneumoniae PCR test.  
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6 Disease presentation (questionnaire study, paper I) 

6.1 Purpose 

The purpose of this study was to describe the acute and convalescent phase disease 

presentation of an M. pneumoniae infection in 0 – 5-year-old children by comparing 

children having a positive M. pneumoniae PCR test (Mpn-Pos) with children having a 

negative test (Mpn-Neg). Secondarily, a follow-up questionnaire was to describe possible 

respiratory tract problems developing after an M. pneumoniae infection.  

6.2 Methods 

Study design, patients and inclusion criteria 
In this prospective clinical cohort study, the participants were enrolled from patients having 

respiratory tract specimens submitted for diagnostic PCR-testing for M. pneumoniae at the 

Mycoplasma Laboratory at Statens Serum Institut from October 2000 until January 2004. 

Any patient younger than 5 years-of-age was considered eligible. All invited children were 

selected by matching Mpn-Pos patients according to sex and age with at least two children 

with a negative PCR as controls. The age difference between case and controls was less 

than six months, whenever possible, and the dates of their PCR tests were less than two 

months apart. However, because of the drop-out pattern (see Results, Study Population) 

the study was analysed by mycoplasma group only, without taking the matching into 

consideration. Families were invited to participate between 1 and 2 months after the PCR 

test. 

 

Questionnaires 
The questionnaires were specifically developed for the present study and were 

implemented after testing in a pilot study. 

Questionnaire 1 (Appendix 1, in Danish)  
The questionnaire aimed at obtaining information resembling a medical record in lay terms. 

The first part included questions about the infection leading to a test for M. pneumoniae by 

PCR such as timing of sampling, questions regarding acute disease presentation, duration, 

treatment, convalescence and concurrent acute respiratory disease within the household. 

The second part included brief background questions about the child’s general health, 

exposures, family size and atopic predisposition. The first part is referred to as “acute 

disease presentation” in the following, and the second part is referred to as “background 

health.” 
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Definitions and criteria; acute disease presentation 

In question 1, about time distance between onset of infection and sampling for M. 

pneumoniae PCR, a maximum time interval of 30 days was defined for data analysis 

(figure 2.3, (Denny et al., 1971)). For the M. pneumoniae negative children this was to 

minimize the risk of including false negative children as controls; and for both groups it was 

in order to reduce the risk of intercurrent infections that might interfere with the disease 

presentation described. 

To summarize overall morbidity, 

positive answers in questions 2 and 3 

(symptoms in the acute phase of 

disease and temperature) were 

scored according to the weights listed 

in table 6.1. Ordered intervals of 

temperature (expressing the degree 

of fever) were introduced in the 

morbidity score instead of fever (Y/N). 

Temperature was scored as listed in 

order to differentiate between high 

and low fever. When referring to “high 

fever” as a single variable, the 

dichotomised “high fever, 

temperature ≥ 39oC” is used. 

Table 6.1. Symptom scores for questions 2 & 3 

Symptom Weight 

fever 0 

common cold 1 

cough 1 

difficulty in breathing 4 

difficulty in swallowing 1 

conjunctivitis 1 

skin rash 1 

vomiting provoked by coughing 2 

vomiting without cough 1 

diarrhoea 1 

fatigue 2 

loss of appetite 2 

other symptoms 1 

high fever, temperature ≥ 39oC  2 

low fever, temperature < 39oC 1 

For question 5, hospitalisation (Y/N), 

no distinctions could be made 

between children staying overnight in 

hospital and children on leave to 

sleep at home.  

For question 7, about disease 

duration, the length of absence from 

childcare was used as the most 

reliable figure for comparing groups. 

Definitions and criteria; background health 

This part included brief questions about exposures, family size, atopic predisposition, 

chronic disease and general susceptibility to respiratory tract infections. All answers to the 

questions about the child’s general health (questions 4 and 7 and asthma symptoms from 

question 8) were summarized into whether or not the child had a history of 1) present 

atopic dermatitis or past or present asthmatic symptoms (for simplicity designated as 
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“atopy” in the following), or 2) other illnesses relevant for risk of infections (in the present 

study these were diabetes, leukaemia or oesophageal atresia). As for past or present 

asthmatic symptoms, these had to be treated with regular inhalation treatment or listed as 

asthmatic symptoms in question 8 more often than twice a year. Parental suspicion of 

asthma or past, brief, low-grade symptoms were not included.  

In question 8, about respiratory tract infections, answers were summarized as 

susceptibility to disease if pneumonia was registered to occur at least twice a year, if otitis 

media or pharyngitis occurred more than twice a year, or if colds were more frequent than 

monthly. 

Only first-degree relatives were included as atopic predisposition in question 4. Unlike 

atopic dermatitis or allergic rhinitis, asthma was not included as predisposition if it was 

listed in a sibling of unknown age or age younger than 6 years to avoid confusion between 

asthma and asthmatic bronchitis.  

Questionnaire 2 (Appendix 2, in Danish) 
This questionnaire was very brief and focused on respiratory tract problems in the period 

between the two questionnaires, particularly symptoms related to asthma; and whether 

such symptoms led to a doctor’s examination and the results of an examination if any. 

Symptoms during the follow-up period were analysed without weighting of positive 

answers.  

Data registration 
Answers to all questionnaires were entered into the database at the end of the collection 

period within a limited time span of a few weeks. This increased the detection of 

inconsistent answers to some of the questions and helped defining criteria for the 

interpretation of comments, and hence improved accuracy of the registration procedure. 

Database registrations were proofread before data analysis. All registrations were done by 

the author, and proofreading was done by one additional colleague. 

 

Microbiology 
Available samples were tested by the PCR panel described in chapter 5, microbiology.  

 

Statistical methods 
The PC SAS 8.2 for Windows (SAS Institute, Cary NC, USA) with Proc-StatXact 6 for SAS 

users (Cytel Software Corporation, Cambridge MA, USA) was used for the statistical 

analyses.  
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Categorical data were dichotomised and analysed by Fisher’s exact tests, supplemented 

with estimated odds ratios with exact 95% confidence intervals(Cytel Software 

Corporation, 2004).  

A morbidity score was defined as a weighted sum of the individual morbidity related items 

in the questionnaire (table 6.1). Analysis of variance was used to evaluate the influence of 

background health and PCR customer (hospital or general practitioner (GP)) on morbidity 

and Spearman’s rank correlation was used to evaluate the dependence of age. 

Other numerical data were analysed by exact Mann-Whitney tests supplemented with 

Hodges-Lehmann estimates (Hollander and Wolfe, 1973) with exact 95% confidence limits 

(Cytel Software Corporation, 2004). The Hodges-Lehmann estimate of the difference 

between the Mpn-Pos group and the Mpn-Neg group is the median of all possible 

differences between a value from the Mpn-Pos and a value from the Mpn-Neg groups for 

each variable.   

 

Statistical analyses were performed in collaboration with Anders Mørup Jensen, head of 

Biostatistics Unit, Statens Serum Institut. 

6.3 Results 

Study population 
A total of 302 children tested by M. pneumoniae PCR were invited for the study (83 Mpn-

Pos and 219 Mpn-Neg). 143 families consented to participate (2 consented without filling 

in the questionnaire), 19 families declined the invitation, while 140 never responded. 44 

families were reminded about the invitation, which resulted in 12 of the questionnaires (2 

Mpn-Pos and 10 Mpn-Neg) and 8 of the declinations (3 Mpn-Pos and 5 Mpn-Neg). 

Questionnaires from seven children (2 Mpn-Pos and 5 Mpn-Neg) were excluded due to a 

time interval between disease onset and sampling for PCR exceeding 30 days (The time 

intervals for the children excluded were 60 and 105 days for Mpn-Pos and 40, 75, 90, 100 

and 180 days for Mpn-Neg). Thus, questionnaires from a total of 134 children (48 Mpn-Pos 

(58% of those invited) and 86 Mpn-Neg (39% of those invited)) were left for data analysis 

with participants in 68 of the matched strata. However, only 38 strata comprised at least 1 

Mpn-Pos and 1 Mpn-Neg patient leaving a total analysis population of 91 patients, which 

was considered an unacceptable loss of information; and therefore data were analysed 

without considering the intended matching. 

The distribution of participants according to whether or not the original respiratory tract 

specimen was available for PCR panel analysis, and whether or not a secondary 

questionnaire was received, is illustrated in figure 6.1. The 134 questionnaires accepted 
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for analyses exceed the number of children with a secondary questionnaire as well as the 

number of children with respiratory tract specimen available for full testing by the PCR 

panel. Group D specimens from families not responding to the study invitation were 

analysed by the PCR panel. Families, who declined the invitation, were excluded.  

 

Figure 6.1. Distribution of participants 
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n = 91 

 Number available for analysis, total (Mpn-Pos / Neg) 

A Questionnaire 1 134 (48 / 86) 

B PCR panel, participants 112 (41 / 71) 

C Questionnaire 2 111 (38 / 73) 

D PCR panel, non-responders 126 (24 / 102) 

 

 

 

 

 

 

 

The microbiological results from the PCR panel analyses of specimens from groups B and 

D are given in table 6.2. Only few positive PCRs were obtained, so disease presentation 

could not be described according to positive microbiological findings other than M. 

pneumoniae. Therefore, also questionnaires without a PCR panel test were included in the 

analysis of disease presentation. This cohort, group A (figure 6.1), is referred to in the 

following as the study population for acute disease presentation.  

 

Findings 
Microbiology 
As seen from table 6.2 with the results of the PCR panel testing, adenovirus was the most 

prevalent microbe detected apart from M. pneumoniae and it was the most common 
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microbe to be detected in combination with other microbes, too. A significantly higher 

number of patients had microbes other than M. pneumoniae detected in the Mpn-Neg 

group compared to the Mpn-Pos group, p = 0.02. A total of 22 / 71 specimens (31%) from 

Mpn-Neg children in the study population had one positive PCR result and 4 specimens 

(6%) had two positive PCR results. 5 / 41 Mpn-Pos specimens (12%) had one additional 

positive PCR result, and 1 specimen (2%) had two additional positive tests.  

 

Table 6.2. PCR results 

Study population 
n = 112 

Non-responders 
n = 126 

Invited 

 

Mpn-Pos Mpn-Neg Mpn-Pos Mpn-Neg Sum 

No positive PCRs - 45 - 77 122 

M. pneumoniae only 35 - 20 - 55 

C. pneumoniae - - - - - 

C. psittaci - - - - - 

B. pertussis - 3 1 - 4 

B. parapertussis - 1 - - 1 

U. urealyticum (Uu) 1 1 - - 2 

U. parvum  3 3 2 - 8 

Influenza A virus - 1 - 2 3 

Influenza B virus - - - - - 

Parainfluenza 1 virus - 2 - 1 3 

Parainfluenza 2 virus - - - - - 

Parainfluenza 3 virus - - - - - 

RS virus - 2 - - 2 

Adenovirus  1 8 1 19 29 

Metapneumovirus - 1 - 2 3 

Adenovirus + B. pertussis - 1 - 1 2 

Adenovirus + U. parvum - 1 - - 1 

Adenovirus + Metapneumovirus - 1 - - 1 

Influenza A virus + 
Metapneumovirus - 1 - - 1 

Mpn + Uu + Adenovirus 1 - - - 1 

Sum, PCR panel 41 71 24 102 238 

Note: adenovirus was found either alone or in combination with M. pneumoniae, B. pertussis, U. urealyticum, 
U. parvum or metapneumovirus. Also, influenza A virus was found alone and in combination with 
metapneumovirus. 
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Questionnaires 
Questionnaire 1 
Data within tables are listed in the order that they appear in the questionnaire (such as 

disease presentation, treatment and symptoms during convalescence). Tables are given 

primarily in the order that data are described in the text: numerical data for all of 

questionnaire 1 are given in table 6.3, categorical data about demography and background 

health are found in table 6.4, and categorical data for the disease presentation are given in 

table 6.5. The findings from the follow-up questionnaire are listed in table 6.7. Appendix 3 

includes additional descriptive data for this study population, such as age-distributions of 

selected, single symptoms included in the morbidity score and tables presenting data on 

disease manifestation according to PCR customer (hospital or GP).  

The two M. pneumoniae groups were similar concerning age, sex, family size, abnormal 

gestational age, birth weight and current, daily exposure to tobacco, furry pets or birds 

(tables 6.3 and 6.4). Also, the distribution of variables related to background health 

showed no differences between the two groups: atopic predisposition, atopy, history of 

respiratory tract infectious diseases or other relevant diseases as described in the 

methods section. 

Disease presentation was analysed by comparing total morbidity scores (weights, table 

6.1) between the two groups, by comparing the distribution of total morbidity scores by age 

within each group and by comparing frequencies of separate variables between the Mpn-

Pos and Mpn-Neg groups. Also, the influence of background health on morbidity was 

evaluated. 

The main results were that morbidity was significantly higher in the Mpn-Pos children than 

in the control group (table 6.3 and figure 6.2), and that morbidity was not related to age in 

either of the two groups (figure 6.3). The difference in morbidity between groups remained 

significant also when based on un-weighted symptom scores, p = 0.01. The disease 

variables responsible for this difference were fatigue, loss of appetite and a high fever 

(table 6.5), whereas the variable fever (yes / no) was not different between groups. In 

accordance with the higher morbidity score for the Mpn-Pos, significantly more Mpn-Pos 

children were hospitalised. Information about hospitalisation (as given from answers to the 

questionnaire) corresponded well (96% consistency) with data about who submitted the 

specimen for M. pneumoniae PCR (PCR customer as hospital or GP). Further significant 

findings characterising the Mpn-Pos children were the low proportion of common colds, a 

higher proportion of antibiotic treatment (table 6.5), longer disease duration estimated as 

absence from day care (table 6.3 and figure 6.4), and a higher rate of symptoms during the 

convalescence period. During convalescence, fatigue and loss of appetite were 

responsible for the difference (table 6.5). The presence of a rash showed a trend towards 
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being more prevalent in the Mpn-Pos children, but the total numbers were very small (table 

6.5). Also, respiratory tract infections in older siblings and parents, which were related in 

time to the sampling for Mpn-PCR, tended to be more frequent in the Mpn-Pos group 

(table 6.5). 

Other symptoms were frequently reported and as such part of the disease presentation 

although they did not differentiate between the M. pneumoniae positive and negative 

groups. These were cough, difficulty in breathing and vomiting provoked by cough. During 

convalescence cough was still the most frequently reported symptom for both groups 

(table 6.5). 
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Table 6.3. Characteristics of study population. 

Mpn-Pos Mpn-Neg     
 

n median min-max n median min-max p-value Theta CIlow CIhigh 

Age at PCR 
(months) 48 40 1 – 60 86 37 1 - 61 0.29 2.6 -2.4 8.4 

Disease days 
before PCRa 46 7 1 - 21 85 7 0 - 30 0.48 1.0 -1.0 2.0 

Morbidity (score) 48 9 1 - 16 86 7 1 – 14 0.002 2.0 1.0 4.0 

Disease durationb 48 14 2 - 90 84 5.5 0 - 63 <.0001 7.0 4.0 9.0 

Birth weight 48 3615 1275 – 4650 86 3500 2360 - 4650 0.34 90.0 -100 250 

p value Mann-Whitney test 
Theta Hodges-Lehmann estimate for the difference between Mpn-Pos and Mpn-Neg 
CIlow Exact lower limit of the 95% CI for Theta 
CIhigh Exact upper limit for the 95% CI for Theta 
a Time interval between disease onset and sampling for PCR. Distribution is given in figure 5.5. 
Morbidity Weighted score according to table 5.1. 
b Days of absence from child care 

 

Table 6.4. Characteristics of demography and background health. 

Mpn-Pos Mpn-Neg     
 

yes n % yes n % p-value OR ORlow ORhigh

Sex (male) 23 48 48 41 86 48 1.00 1.01 0.47 2.17 

Abnormal gestational agea 8 48 17 5 85 6 0.07 3.20 0.85 13.15

Atopic predispositionb 27 48 56 46 86 53 0.86 1.12 0.52 2.43 

Tobacco exposure c 6 48 13 13 86 15 0.80 0.80 0.23 2.48 

Furry pets c 15 48 31 22 86 26 0.55 1.32 0.56 3.08 

Birds c 2 48 4 1 85 1 0.30 3.65 0.18 218.0

Atopy d 11 48 23 17 84 20 0.83 1.17 0.45 2.98 

Frequent infections e 7 48 15 15 84 18 0.81 0.79 0.25 2.26 

- Common cold e 2 48 4 8 84 10 0.33 0.41 0.04 2.21 

- Otitis media e 1 48 2 6 84 7 0.42 0.28 0.01 2.41 

- Pharyngitis e 0 48 0 1 84 1 1.00 0.00 0.00 68.25

- Pneumonia e 4 48 8 4 84 5 0.46 1.82 0.32 10.22

Other relevant disease f 3 48 6 5 85 6 1.00 1.07 0.16 5.78 

p value Fisher’s exact test 
a Gestational age before week 37 and after week 42 
b Predisposition as past or present asthma, allergic rhinitis or eczema in first-degree relatives 
c Present, daily exposures to tobacco smoke, furry pets or birds  
d Present atopic dermatitis or past or present recurrent asthmatic symptoms, questions 4, 7, 8 
e History of frequent infections (pneumonia ≥ twice per year, colds > monthly, otitis or pharyngitis > 

twice per year) 
f Disease relevant for risk of infections (diabetes, leukaemia, oesophageal atresia) 
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Figure 6.2  
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Weighted morbidity score by M. pneumoniae status. Each x 
represents one individual. 
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Table 6.5. Characteristics related to disease presentation 

Mpn-Pos Mpn-Neg     
 

yes n % yes n % p-value OR ORlow ORhigh

Fevera 37 48 77 54 86 63 0.12 1.99 0.84 4.94 

Common colda 15 48 31 58 86 67 <.0001 0.22 0.10 0.50 

Cougha 47 48 98 80 86 93 0.42 3.53 0.41 165.5

Difficulty in breathinga 23 48 48 33 86 38 0.36 1.48 0.68 3.20 

Difficulty in swallowinga 5 48 10 7 86 8 0.76 1.31 0.31 5.13 

Conjunctivitisa 1 48 2 5 86 6 0.42 0.34 0.01 3.24 

Rasha 4 48 8 1 86 1 0.06 7.73 0.72 384.9

Cough-provoked vomitinga 22 48 46 31 86 36 0.28 1.50 0.69 3.27 

Vomiting without cougha 5 48 10 5 86 6 0.33 1.88 0.41 8.64 

Diarrhoeaa 1 48 2 5 86 6 0.42 0.34 0.01 3.24 

Fatiguea 38 48 79 37 86 43 <.0001 5.03 2.10 12.70

Loss of appetitea 35 48 73 34 86 40 0.0003 4.12 1.80 9.68 

Other symptomsa 4 48 8 3 86 3 0.25 2.52 0.40 17.81

High fevera 29 48 60 33 86 38 0.02 2.45 1.12 5.40 

Hospitalisation 25 48 52 15 86 17 <.0001 5.14 2.16 12.32

Antibiotic treatment 43 46 93 33 82 40 <.0001 21.28 5.90 113.4

Any symptoms afterb 32 48 67 39 86 45 0.02 2.41 1.09 5.41 

Cough afterb 24 48 50 32 85 38 0.20 1.66 0.76 3.60 

Wheeze afterb 10 48 21 12 85 14 0.34 1.60 0.56 4.45 

Difficult breathing afterb 7 48 15 7 85 8 0.26 1.90 0.53 6.81 

Fatigue afterb 18 48 38 12 85 14 0.003 3.65 1.45 9.34 

Loss of appetite afterb 16 48 33 13 85 15 0.03 2.77 1.10 7.03 

Other symptoms afterb 8 48 17 6 86 7 0.14 2.67 0.75 9.93 

Any household diseasec 32 48 67 49 85 58 0.36 1.47 0.66 3.32 

Younger siblingsc 6 48 13 13 85 15 0.80 0.79 0.23 2.44 

Older siblingsc 21 48 44 22 85 26 0.05 2.23 0.98 5.03 

Parentsc 25 48 52 30 85 35 0.07 1.99 0.91 4.36 

p value Fisher’s exact test  
a Symptoms during acute disease 
High fever dichotomised as temperature ≥ 39°C, secondary to analysis by normal, low or high fever 
b Symptoms during convalescence 
c Respiratory tract infections in household related in time to Mpn-PCR testing of participant 
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Figure 6.3  
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M. pneumoniae positive  

Spearman’s corr. coeff = 0.01

p-value = 0.97 
M. pneumoniae negative 

Spearman’s corr. coeff = -0.10

p-value = 0.38 
  



Figure 6.4  
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absence from childcare (each x represents one individual). 

 

Figure 6.5 
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The disease morbidity depended significantly on Mpn-status (p=0.002) and the 

background health factor “atopy” (p=0.02). The Least-Square means (table 6.6) show that 

if two patients, a Mpn-positive and a Mpn-negative, with the same atopy status are chosen 

at random the Mpn positive patient will on average have a morbidity score 9.4 – 7.4 = 2.0 

points higher than the Mpn-negative patient. Similarly a patient with atopy will have a 

morbidity score 9.2 – 7.4 = 1.8 points higher than a patient without atopy, if the two 

patients have the same Mpn status. Details of the final analysis of variance are given in 

appendix 3, table App.3.1. 

 

Table 6.6. Mean morbidity scores and Least-Squares means for 

 M. pneumoniae and atopy status (from 2-way analysis of variance). 

  Morbidity score 

Factor Level mean  LS-mean 

M. pneumoniae  positive 8.9 9.4 

 negative 6.8 7.4 

Atopy  yes 9.0 9.2 

 no 7.2 7.4 

Atopy Present atopic dermatitis or past or present recurrent asthmatic 
symptoms, questions 4, 7 & 8 

 

Furthermore, the influence of hospitalisation (as PCR customer, hospital or GP) on 

disease morbidity was evaluated by means of analysis of variance with the factors M. 

pneumoniae status and PCR customer. The difference in morbidity between M. 

pneumoniae positive and negative children showed no statistically significant relation to 

whether the children had been sampled at a hospital or by a general practitioner (p = 0.31, 

data not shown). Table App.3.2 (Appendix 3) gives details of the test. The influence of 

hospitalisation was highly significant, p = 0.0002, for difference in morbidity as could be 

expected (sick children are hospitalised), whereas the influence of M. pneumoniae itself 

was no longer significant, although a trend remained, p = 0.06. Table 6.7 gives the mean 

morbidity scores and Least-Squares means by Mpn-status and by customer for the study 

population.  
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Table 6.7. Mean morbidity scores and Least-Squares means for M. pneumoniae status 

and PCR customer . 

  Morbidity score 

Factor  Level mean  LS-mean 

M. pneumoniae  positive 8.9 8.9 

 negative 6.8 7.7 

PCR customer hospital 9.7 9.6 

 GP 6.7 7.0 
 

 

If wanting to describe disease presentation of M. pneumoniae infection by hospitalisation 

or not, most of the findings for separate disease variables, which were statistically 

significant for the whole study population (listed in table 6.5), were no longer statistically 

significant when analysed by PCR customer (hospital or GP). In the hospitalised group, 

loss of appetite during acute disease and fatigue during convalescence remained 

significant, and in the group sampled at general practitioners absence of common colds, 

presence of fatigue and treatment with antibiotics remained significant but no symptoms 

during convalescence did (table App.3.3, Appendix 3). When listing symptoms by 

frequency, these lists remained very similar in both groups; the most apparent differences 

being more frequent difficulty in breathing and high fever among the hospitalised (table 

App.3.4, Appendix 3). Also, symptoms during convalescence were more prevalent in the 

hospitalised group. 

However, an approach of stratifying by PCR customer is not justified in the present 

situation, since hospitalisation could be considered a surrogate marker for morbidity and 

hence taken as a finding and should not be introduced during data analysis as a 

classification criterion. 

Therefore, the population described here was analysed as one clinical cohort; and this 

cohort could be described as children who were all clinically suspected by a doctor, 

irrespective of health care sector, to be infected with M. pneumoniae during an endemic 

period. 

 

Questionnaire 2 
One child with a missing questionnaire 2 had died (a heart patient) and another had left the 

country. Only 2 children (Mpn-Neg) had started asthma medication as regular inhalation 

treatment after answering questionnaire 1. The variability in time distances from PCR test 

to answering questionnaire 2 was very large, from 175 to 1095 days. The findings about 
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types of respiratory symptoms in the period between the two questionnaires showed no 

differences to any of the disease variables (table 6.8).  

 

Table 6.8. Data from follow-up questionnaire. 

Mpn-Pos Mpn-Neg     
 

yes n % yes n % p-value OR ORlow ORhigh

Any respiratory problems 21 38 55 39 73 53 1.00 1.08 0.46 2.56 

Cough with new infection  13 38 34 24 73 33 1.00 1.06 0.42 2.61 

Any problems w/o infect.a 18 38 47 32 73 44 0.84 1.15 0.49 2.72 

Cough at night 14 38 37 22 73 30 0.52 1.35 0.54 3.33 

Cough from exercise 5 38 13 8 73 11 0.76 1.23 0.29 4.66 

Cough from irritants 4 38 11 7 73 10 1.00 1.11 0.22 4.73 

Wheeze 6 38 16 10 73 14 0.78 1.18 0.32 3.97 

Difficulty in breathing 3 38 8 4 73 5 0.69 1.48 0.20 9.24 

Other symptoms 3 38 8 4 73 5 0.69 1.48 0.20 9.24 

Doctor’s examination 6 38 16 6 73 8 0.33 2.09 0.51 8.46 

p value Fisher’s exact test  
a Any of cough at night, cough from exercise or irritants, wheeze or difficulty in breathing. 

 

6.4 Discussion 

6.4.1 Findings 

Questionnaire 1 
The questionnaire study demonstrates a disease manifestation in pre-school children, 

which closely resembles the classical textbook description of an M. pneumoniae infection 

in older children (Cherry, 1998; Clyde, 1993). The 0-5-year-old children had marked 

constitutional symptoms, dyspnoea, fever and cough, the cough often being intense 

enough to be associated with vomiting. Furthermore a protracted convalescence was 

commonly reported.  

In agreement with these findings, Stevens et al. described the disease presentation of M. 

pneumoniae infections in hospitalised children aged 16 months to 14 years during an 

epidemic and found no important differences between younger or older children with lower 

respiratory tract infection (Stevens et al., 1978). Nagayama et al. described M. 

pneumoniae infections, including pneumonic infections, to peak at an age as low as 4 

years in hospitalised children indicating M. pneumoniae to be of importance also in pre-

school children (Nagayama et al., 1988). Also, our finding of a protracted convalescence 

period is in line with what has previously been described for M. pneumoniae infections 

(Cherry, 1998; Clyde, 1993).  
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Our data cannot sufficiently describe the epidemiology or the rates of other cases of M. 

pneumoniae infections within households, but the trend towards more frequent, concurrent 

disease in older siblings and parents might represent a considerable disease burden within 

the family and hence loss of working days. 

Unlike other studies demonstrating morbidity in pre-school children (Esposito et al., 2001; 

Nagayama et al., 1988; Stevens et al., 1978), our findings are based on a broadly selected 

cohort including children across health care sectors and this strengthens the relevance of 

considering M. pneumoniae infections in all paediatric age groups.  

Previous studies where children have been selected according to certain clinical 

manifestations (Esposito et al., 2001; Esposito et al., 2004) have pointed out the difficulties 

in differentiating M. pneumoniae patients clinically. Our findings confirm these difficulties 

even with a broader clinical representation by a considerable overlap of symptoms 

between the M. pneumoniae positive and negative children. Calculating sensitivities and 

specificities for the symptoms with statistically significant differences gives a maximum 

specificity of 67% (for the “absence of cold”). A low specificity combined with a low 

prevalence of disease will inevitably lead to an unacceptably low predictive value of a 

positive test. This is particularly relevant in relation to the administration of antibiotics. 

Macrolide antibiotics have been suggested as primary choice of treatment for respiratory 

tract infections (Biscardi et al., 2004; Cazzola et al., 2004), partly due to the suspected risk 

of asthma development after M. pneumoniae infection. However, the fact that macrolides 

are likely to induce resistance in more common bacteria such as pneumococci (Albrich et 

al., 2004) as well as the low predictive value of symptomatology emphasise the need for 

rapid and accurate tests for diagnosis of M. pneumoniae infections. 

Also, the microbiological findings other than M. pneumoniae were predominantly viruses. 

Thirty seven percent of the M. pneumoniae negative children (26/71) had a microbe 

detected, of which 69% were viruses (18/ 26), so viruses were detected in 25% of M. 

pneumoniae negative children. The clinical relevance of most of the positive PCR results is 

less certain, however, since pathogenicity could be debated for U. urealyticum and U. 

parvum and also for adenovirus in throat swab material as the virus may colonise tonsils 

for prolonged periods after infection (Horwitz, 1996). Microbes commonly accepted as 

pathogens were detected only in very small numbers (B. pertussis, B. parapertussis, 

influenza A virus, parainfluenza 1 virus, RS virus and metapneumovirus) so statistical 

analysis by microbes other than M. pneumoniae were not justified. 

The reasons for the scarcity are speculative, but the microbial representation included in 

the PCR panel, seasonality of the samples included and timing of sampling in relation to 

disease onset are some possibilities. Co-infections were detected in both studies of this 
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thesis, but they were less frequent in the questionnaire study than in the lung function 

study.  

 

A description of the natural history of M. pneumoniae infection requires broad population 

studies and, to our knowledge, such studies have not been performed since the 1960s and 

1970s (Foy et al., 1979; Monto and Ullman, 1974). The method of selection for our study 

was restricted to clinical cases suspected of M. pneumoniae infection, since all children 

would have been symptomatic to be tested by PCR. But, unlike other studies, we aimed at 

the widest possible clinical representation and therefore selected participants exclusively 

according to microbiological diagnosis. Our method of selection implies that we cannot 

evaluate morbidity as a ratio of symptomatic versus asymptomatic cases in pre-school 

children compared to older children. Also, the prevalence of individual symptoms in our 

study would most certainly be disproportionate compared to a population-based 

description of M. pneumoniae infection; for instance, the very high frequency of cough in 

both groups probably indicates that this was one of the symptoms, leading to the M. 

pneumoniae PCR test.  

The characteristic symptom complex found here might be enforced by the endemic 

situation during the study period, since sampling during an epidemic would most likely tend 

to include a higher proportion of patients less affected by their infection due to a lower 

threshold for sampling. 

Potential participation bias also requires consideration. The overall proportion of samples 

submitted from hospitals for all M. pneumoniae positive patients invited was 39% (32 / 83), 

whereas 50% (24 / 48) of the participating M. pneumoniae positive children were sampled 

at hospitals. This indicates some level of participation bias in the M. pneumoniae positive 

group, but such bias is less likely to have had a major impact on the findings of our study; 

since hospitalisation was more frequent in the Mpn-Pos group than in the Mpn-Neg group 

regardless of participation (17% hospitalisation for Mpn-Neg invited, 18% for Mpn-Neg 

participating). The difference in hospitalisation rates between positive and negative groups 

was highly statistically significant not only for those participating but also for all invited (p = 

0.0001 and p = 0.0003, respectively). Participation bias in both positive and negative 

groups might be suspected from the relatively high overall prevalence of atopic 

predisposition of 54% compared to Danish data of 32 – 40% in the 1980’s (Backer et al., 

1989; Halken et al., 1991), but recent data from a Danish birth cohort of 562 children 

(Johnke, 2003) found the same level of atopic predisposition (51%). And, importantly, 

there was no difference between our two groups on this point. 

Risk of selection bias is discussed as part of the methodological considerations (6.4.2). 
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Effect of antibiotic treatment could not be evaluated in this study due to insufficient details 

about types of antibiotics administered and timing of treatment. The difference between 

groups in frequency of antibiotic treatment might indicate a difference in morbidity, but is 

just as likely to reflect that a positive M. pneumoniae PCR result may have caused 

additional antibiotic treatment in the M. pneumoniae positive group. 

 

The questions about total disease duration and symptoms in the period of convalescence 

were not uniformly answered - in some cases of a long total disease duration and no 

symptoms after the disease duration, all of the period of convalescence might have been 

included. In spite of this, a higher rate of morbidity was still found in the Mpn-Pos group. 

Interestingly, only the Mpn-Pos group had answers (n = 6) where the absence from day 

care exceeded the total disease duration listed. The quality of data about disease duration 

did not allow for statistical analysis between total duration and absence, but such answers 

might reflect a need for extra time for convalescence.  

Questionnaire 2 
It was the intention to send the follow-up questionnaires after approximately half a year, 

but for the participants included in the first half of the study period a much longer follow-up 

interval occurred. This will obviously influence what parents remember and several 

symptoms may not be reported. However, parents are probably less likely to forget the 

development of asthma in a previously healthy child; and the development of asthma was 

one of the key questions of this part of the study. Since only two children were reported to 

have started regular inhalation medication in the interval between questionnaires, and 

since they both belonged to the M. pneumoniae negative group, we found no support for 

this hypothesis. 

We were unable to identify if certain subgroups of children may be at risk of greater 

disease severity and / or asthma development primarily because the study was too small. 

6.4.2 Methodological considerations 

Developing, evaluating, conducting and interpreting questionnaires is a complex research 

area, and it is beyond the aim and scope of this thesis to address the present 

questionnaire study in such a way. Methodological issues are mainly discussed with 

respect to participation rates and interpretation of the answers to the questionnaires.  

Numerous validated questionnaires exist for epidemiological studies on asthma for other 

age-groups than the present one, and these may be designed to detect diagnosed as well 

as undiagnosed asthma. They were not applicable for the present study, and using 

extracts would ruin the validation. Consequently, this approach was abandoned. 

Unfortunately, no standard questionnaires designed for describing the course of infections 
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could be found. The aim was to obtain information on the course of disease and on 

symptoms in a format that resembled a patient’s history in a medical file.  

During the collection period and even more so during the registration of the questionnaires 

it became clear that some questions lead to inconsistent answers. However, improvement 

of the design of the questionnaires during the collection period would disqualify 

questionnaires already received. Since most of the data registration was performed within 

a short time-span, more stringent and uniform interpretations of the answers could, 

nevertheless, be obtained. The balance of limiting the size of the questionnaire in order to 

reduce the time required for the participants on one hand, and explaining questions or 

addressing the same issue by different questions on the other hand is subtle. Since the 

eligible cohort was rather limited, the concern for including as many participants as 

possible may have skewed this balance somewhat towards limiting the size of the 

questionnaire. 

Some of the more obvious inconsistencies in answers to questionnaire 1 were related to 

the questions about the character of hospitalisation (impossible to differentiate between 

paediatric emergency room visits or staying several days in hospital) and to questions 

regarding the type of antibiotic treatment due to the difficulties in remembering the precise 

medication.  

Obtaining information which resembles a medical file by using brief, lay terms can of 

course be questioned, particularly where the interpretation of certain words or phrases 

may be more consistent among medically trained people than within a wider population. As 

an example, the variable “difficulty in breathing” may have included pneumonic as well as 

asthmatic symptoms. The high frequency of this symptom in the acute disease 

presentation might cause concern about its use. However, the frequency during the 

convalescent period is markedly reduced. This might indicate a more general inclination to 

limit the use for more acute symptoms, which again may reflect that the term does indeed 

have a common linguistic meaning as much as a professional one.  

With regards to the questions on background health, the purpose was to describe the 

cohort in order to evaluate the comparability between groups and in relation to morbidity 

but not to estimate previously undiagnosed disease. For this purpose, the brief, less 

explained questions might have served as a filter to increase specificity by including 

primarily doctor’s diagnosed illness, but particularly the question about frequency of 

respiratory tract infections might be improved by re-designing such as with a table where 

frequency is directly related to each type of infection and the choices of frequencies are 

more detailed.  

The matched groups design including cases and controls was unfortunately invalid due to 

the unpredictable distribution of participants, and the rather low response rate. Adhering to 
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this design would have reduced the study population unacceptably as described in 

Results. When analysing the data by M. pneumoniae group only, it is of course necessary 

to bear in mind that the variables age and sex were intended to be matched for, but other 

than this, disregarding the matched design is considered of minor importance. Also, it 

could be argued that hospitalisation was not blinded information in the selection procedure, 

but if selection biased at all, it was in the direction of eliminating the difference by matching 

according to hospitalisation as a third match. This, obviously, did not happen. 

The participation rate was lower than expected. It might have been increased by an 

intensified use of reminding letters, this procedure was introduced rather late in the study, 

and reminders were not sent to Mpn-Neg children, when the Mpn-Pos match did not 

participate. Increased participation rates as well as clarification of inconsistent answers 

may both be improved by telephone contacts, but this requires resources that were not 

available during this study. 

Since it is planned to continue this type of study, improvements in the design of the 

questionnaire and efforts to increase participation rates are being introduced based on the 

experience obtained from the present study. 

6.5 Conclusions 

Describing the course and characteristics of respiratory infections with a questionnaire 

appeared to be useful although adjustments would be beneficial. 

The present study confirmed our hypothesis that M. pneumoniae infections cause 

significant morbidity also in pre-school children. The disease characteristics were very 

similar to those previously described for school-aged children. Furthermore, diagnosis 

based solely on clinical presentation would be inaccurate due to a large overlap of 

symptoms between M. pneumoniae positive and negative children with respiratory tract 

infection, and consequently, administration of macrolides should be preceded by 

laboratory testing. 

More data are required to attempt conclusions regarding possible long-term complications 

of M. pneumoniae infection such as development of asthma. 

 55



 56



7 Long-term effect of M. pneumoniae (lung function study, 

paper II) 

7.1 Purpose 

The purpose of this study was to investigate a possible long-term influence of M. 

pneumoniae on lung function and bronchial responsiveness in early childhood by 

comparing children having a positive M. pneumoniae PCR test, Mpn-Pos, with children 

with a negative test, Mpn-Neg.  

No particular risk groups have been identified in relation to M. pneumoniae infections, so 

therefore the children were invited to participate exclusively on the basis of a previous M. 

pneumoniae PCR test during an epidemic. 

7.2 Methods 

Study design, patients and inclusion criteria 
The design was a retrospective, follow-up study based on a clinical cohort. The patients 

were selected from those having specimens submitted for diagnostic PCR for M. 

pneumoniae at the Mycoplasma Laboratory at Statens Serum Institut. Any patient from the 

Greater Copenhagen area younger than 5 years of age was considered eligible. Controls 

were selected by matching mycoplasma patients with children with a negative PCR 

according to sex and age (maximum age difference six months), but without awareness of 

the clinical setting of sampling for PCR (hospital or general practitioner).  
 
Clinical examination 
All tests and examinations in the lung function study were performed by the same 

investigator (BBK) in order to ensure a high level of uniformity. Data from patients’ histories 

and physical examination were noted in a pre-defined structured patient record designed 

for this study for entrance into a database after finalising all testing. Lung function and skin 

prick testing were performed by the investigator after training by skilled personnel 

responsible for using these tests on a routine basis. Prior to the clinical examination, a 

period of 4 weeks free of respiratory tract infections was assured. β2-agonists were 

stopped 24 hours prior to testing (8 hours for short-acting drugs like Terbutalin and 

Salbutamol). Antihistamines were stopped for 72 hours before testing. At the time of 

clinical examination, the examiner was unaware of whether the child participated in the M. 

pneumoniae positive or - negative group except in very few cases, where parents were 

convinced they remembered the test result. 
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Medical history and physical examination was focused on atopy in first-degree relatives 

(parents and siblings); current, daily exposure to tobacco or furry pets; past or present 

atopy-related symptoms (eczema, allergy, recurrent asthmatic episodes); coughing without 

concurrent signs of respiratory infections; and other upper or lower respiratory infectious 

disease such as pneumonia, otitis media, pharyngitis or recurrent colds, like “a runny nose 

all Winter”.  

Lung function was determined as specific airway resistance (sRaw) and was performed 

with a Master Screen Unit, version 4.34 (E. Jaeger GmbH, Würzburg, Germany). Methods 

and equipment have previously been described in detail (Bisgaard and Klug, 1995; Nielsen 

and Bisgaard, 2000). Appendix 3 includes illustrations of the lung function test system. In 

brief, measurements were done during tidal breathing in a facemask adjusted with a non-

compressible mouthpiece to secure support of cheeks, mouth breathing and stable access 

to the airways since nasal respiration would increase airway resistance.  Flow and volume 

were measured with a heated pressure screen-type pneumotachograph with a resistance 

of 0.036 kPa * s * L-1. The equipment was calibrated daily. sRaw was measured as the 

relationship between simultaneous variations of respiratory flow and variations of pressure 

in a constant-volume whole body plethysmograph. This was presented on an on-line 

monitor as s-shaped loops. sRaw was calculated at the maximal changes in 

plethysmographic pressure during inspiration and expiration (Bisgaard et al., 1998). The 

child was coached to maintain a respiratory rate between 30 and 45 breaths/min. 

Irregularities in breathing, such as movements, vocalisation, coughing, face mask leakage 

etc. was seen as changes in the shapes of resistance loops and caused repeated 

measurements. The median value of five consecutive specific resistance loops, similar in 

appearance as judged from slope and shape on the monitor, was retained as outcome. 

The mean value of duplicate measurements, with an attempted maximal difference of 0.2 

kPa*sec, was used as baseline lung function before cold air challenge (CACh). In the later 

on accepted Standard Operation Procedure for COPSAC (Copenhagen Studies on 

Asthma in Childhood), the defined maximal difference between duplicate measurements is 

0.3 kPa*sec. Similarly, the mean value of duplicate sRaw measurements 3 to 5 min. after 

CACh was used to determine bronchial response. An increase of 20% or more in sRaw 

was considered indicative of bronchial hyperresponsiveness (ref: Standard Operation 

Procedure, COPSAC). Cold air challenge was performed as a single-step 4-min. 

isocapnic hyperventilation test using –15oC dry air mixed with 5% CO2 as described 

previously (Nielsen and Bisgaard, 2000). Cold, dry air was generated by a Respiratory 

Heat Exchange System (RHES: E. Jaeger GmbH, Würzburg, Germany). Figure 7.1 

illustrates the set-up of the testing system.  
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Figure 7.1.  

 

Reproduced from K.G. Nielsen and H. Bisgaard, Am J Respir Crit Care Med, vol 161 (6): 1805, 2000 

 

The level of hyperventilation was aimed at 1L/min/kg body weight. Using the same 

facemask as in the body plethysmography, ventilation was measured by a 

pneumotachograph at the exhalation valve; and the signal was converted and displayed as 

the flying height of a computer-animated hot-air balloon. A horizontal dashed line on the 

computer screen was adjusted to reflect the target ventilation rate. The child was coached 

to keep the balloon above the predetermined level for 4 minutes, illustrated by a computer-

animated sun crossing the screen in 4 minutes.  

The children in this cohort were too young to cooperate with the traditional spirometric 

technique. The applied test system provides means for measuring lung function in an age 

group of children that was previously not possible.  

Skin prick testing was performed for allergens of the standard inhalation panel as 

described in paper II. Reactions as large as or larger than the positive control were 

considered positive.  

This test was the last part of the clinical examination because it is the least pleasant, and 

therefore it was not performed in children without a full lung function test unless the 

parents found it appropriate.  
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Data from the Danish National Patients’ Registry  
Records of hospital admissions were obtained on all children of parents consenting to the 

lung function study with respect to registrations concerning infectious respiratory, 

asthmatic symptoms or atopy-related ICD-10. Records were applied for by the children’s 

personal registration numbers and the information was to serve as a control for major 

differences within the study population. The registry data were collected in November of 

2002, giving an observation period of almost four years (median (min - max) = 46 months 

(44 - 47)). 

 
Statistical methods 
The PC SAS 8.2 for Windows (SAS Institute, Cary NC, USA) with Proc-StatXact 6 for SAS 

users (Cytel Software Corporation, Cambridge MA, USA) was used for the statistical 

analyses. 

  

Numerical data were analysed by exact Mann-Whitney tests supplemented with Hodges-

Lehmann estimates (Hollander and Wolfe, 1973) with exact 95% confidence limits (Cytel 

Software Corporation, 2004). The Hodges-Lehmann estimate is the median of all possible 

differences between a value from the Mpn-Pos and a value from the Mpn-Neg groups for 

each variable.   

Categorical/ordinal data were dichotomised and analysed by Fisher’s exact tests, 

supplemented with estimated odds ratios with exact 95% confidence intervals (Cytel 

Software Corporation, 2004). 

Statistical analyses were performed in collaboration with Anders Mørup Jensen, head of 

Biostatistics Unit, Statens Serum Institut. 

7.3 Results 

Study population 
A total of 865 children younger than five years and residing in the Greater Copenhagen 

area had had a respiratory tract specimen submitted for M. pneumoniae PCR between 

December 1998 and March 1999. Among these children, 249 children were invited for the 

study (84 Mpn-Pos and 165 Mpn-Neg). Number of participants and measurements 

achieved are given in figure 7.2  

Parents of 99 children gave written informed consent to the study protocol. Eighty-two 

showed up for the clinical examination. The reasons for the missing examination of 17 

children were: 8 did not show up as booked; 4 had frequent respiratory tract infections; and 

5 were cancelled for various reasons other than recurrent respiratory tract problems. 
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Additional 17 children had incomplete or unsuccessful lung function measurements. In 5 of 

these, baseline measurements were obtained and one child also finalised the cold air 

challenge but could not cooperate for the secondary sRaw measurement. The other 4 / 5 

children with baseline measurements could not cooperate with the cold air challenge. The 

reasons for the 12 children with a full medical history but no measurements are listed in 

table 7.1 as either problem of accepting the facemask (including 2 not agreeing to any 

contact) or those accepting the facemask and the plethysmograph but with difficulties in 

cooperating with the test itself. 

 

Figure 7.2 Number of children throughout the study (total (Mpn-Pos / Mpn-Neg)) 

 
Children invited 249 (84 / 165) 
Children with consent   99 (43 / 56) 
Children with medical history   82 (37 / 45) 
Children with baseline sRaw   70 (31 / 39) 
Children with full sRaw + CACh   65 (28 / 37) 

 

 

 

 

 

 

 

Table 7.1 Reasons for children seen without measurements (n = 12) 

Cause Mpn-Pos age (months) Mpn-Neg age (months) 

Facemask 4 39 - 79 4 36 - 46 

Box-measurement 2 35 & 46 2 45 & 47 
 

 
Findings 
Microbiology 
Table 7.2 gives the distribution of positive PCR findings in the children with a full lung 

function test (study population) and in all children included. The number of microbes 

detected other than M. pneumoniae was higher in this study than in the questionnaire 

study, but no difference was found between the Mpn-Pos and Mpn-Neg children (p = 0.28 

for the study population, and p = 0.86 for all children included). For the study population, 

16 / 36 available specimens (44%) from Mpn-Neg children had one positive PCR and 2 

specimens (6%) had two positive PCR results. 8 / 28 Mpn-Pos specimens (29%) had one 

additional positive PCR and 1 specimen (4%) had two additional positive tests. Except for 

one B. pertussis, all positive results from the PCR panel testing were viruses. The most 

prevalent microbes, apart from M. pneumoniae, were adenoviruses and RS virus. Other 
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microbes were detected only in very small numbers. Co-infections were more frequent in 

the present study compared to the questionnaire study, 17% vs. 9%. In the lung function 

study,  9 / 28 Mpn-Pos and 3 / 14 adenovirus positive samples had co-infections. The 

findings did not allow for statistical calculations by microbes other than M. pneumoniae. 

 

Table 7.2 Microbiological PCR findings in respiratory tract specimens by M. pneumoniae 

PCR results  

Study population 
(97% throat swabs) 

All children included 
(84% throat swabs) 

 
Positive 
n = 28 

Negative 
n = 36 

Sum 
n = 64 

Positive 
n = 44 

Negative 
n = 54 

Sum 
n = 98 

C. pneumoniae - - - - - - 

B. pertussis - - - - - - 
B. parapertussis - - - - - - 

U. urealyticum - - - - - - 

U. parvum - - - 2 1 3 

Influenza A virus - 2 2 1 3 4 

Influenza B virus - 1 1 - 1 1 

Parainfluenza 1,2,3 viruses - - - - - - 

RS virus 4 6 10 5 8 13 
Adenovirus 4 7 11 6 7 13 
Adenovirus + B. pertussis 0 1 1 1 1 2 

Adenovirus + RS virus 1 1 2 2 2 4 

Sum 9 18 27 17 23 40 

Note: Adenovirus was found either alone or in combination with M. pneumoniae, B. pertussis and RS virus. 

 

Clinical findings 
Apart from weight, the two groups of children were similar in all variables characterising 

demographics and background health. Numerical background variables are listed in table 

7.3, and categorical background variables are listed in table 7.4, where data in italic are not 

given in the manuscript of paper II. 

No differences were found between Mpn-Pos and Mpn-Neg children in baseline lung 

function (table 7.5 and figures 7.3), in bronchial responsiveness to cold air challenge as 

measured by sRaw or the degree of responsiveness (table 7.5 and figure 7.4).  Also, the 

same proportion of children in the two groups exhibited bronchial hyperresponsiveness to 

cold air challenge (table 7.4). 

 

 62



Table 7.3 Characteristics of children with a full lung function test (LF), numerical data  

Mpn-Pos Mpn-Neg     
 

n Median min-max n Median min-max p-value Theta CIlow CIhigh 

Age at PCR (months) 28 41 7-58 37 47 9-58 0.14 5.0 -1.6 13.2 

Age at LF  (months) 28 71 37-85 37 74 47-84 0.20 3.2 -1.9 10.0 

PCR-LF interval 
(months)a 28 28 24-43 37 27 24-41 0.11 -1.0 -1.9 0.1 

Weight (kg) 28 21 16-43 37 23 15-34 0.04 2.0 0.0 4.5 

Height (cm) 28 117 92-135 37 119 100-134 0.11 4.0 -1.0 9.0 

Antibiotics,  
age-adjustedb 

25 0.7 0-4.3 32 0.6 0-5.4 0.93 0.0 -0.3 0.4 

p value Mann-Whitney test 
Theta Hodges-Lehmann estimate for the difference between Mpn-Pos and Mpn-Neg 
CIlow Exact lower limit of the 95% CI for Theta 
CIhigh Exact upper limit for the 95% CI for Theta 
a Time interval between M. pneumoniae PCR and lung function test 
b Number of antibiotic treatments (estimated by parents) per year of life 
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Table 7.4 Characteristics of children with a lung function test, categorical data 

(data in italic are not given in paper II) 

Mpn-Pos Mpn-Neg     
 

yes n % yes n % p-value OR ORlow ORhigh 

BHR 6 28 21 9 37 24 1.00 0.9 0.2 3.2 

Sex (male) 11 28 39 19 37 51 0.45 0.6 0.2 1.9 

Atopic predisp.a 19 27 70 22 36 61 0.59 1.5 0.5 5.1 

Atopic history, allb 8 28 29 15 37 41 0.43 0.6 0.2 1.9 

Eczemab1 5 28 18 10 37 27 0.55 0.6 0.1 2.2 

Bronchitisb2 4 28 14 12 37 32 0.15 0.4 0.1 1.4 

Atopic findings, allc 2 26 8 4 32 13 0.68 0.6 0.1 4.5 

SPT positivec1 1 26 4 2 31 6 1.00 0.6 0.0 11.9 

Present eczemac2 2 28 7 3 37 8 1.00 0.9 0.1 8.2 

Furry petsd 7 28 25 15 37 41 0.29 0.5 0.1 1.6 

Tobaccoe 10 28 36 8 37 22 0.27 2.0 0.6 7.0 

Cough 7 28 25 14 35 40 0.28 0.5 0.1 1.7 

Registry dataf 8 28 29 7 37 19 0.39 1.7 0.5 6.5 

Abnormal deliveryg 5 27 19 3 35 9 0.28 2.4 0.4 17.0 

Inhalation treatment  6 28 21 13 37 35 0.28 0.5 0.1 1.8 

Steroid ointment 3 27 11 7 36 19 0.49 0.5 0.1 2.6 

Recurrent infections h 12 28 43 20 37 54 0.46 0.6 0.2 1.9 

Colds h1 7 27 26 13 36 36 0.43 0.6 0.2 2.1 

Otitis media h2 8 27 30 10 36 28 1.00 1.1 0.3 3.8 

Pharyngitis h3 2 27 7 3 36 8 1.00 0.9 0.1 8.3 

Pneumonia h4 4 38 14 5 36 14 1.00 1.0 0.2 5.4 

p value Fisher’s exact test  
BHR Bronchial hyperresponsiveness  
a Atopic predisposition as past or present asthma, allergic rhinitis or eczema in first degree relatives 
b Atopic history as past or present eczemab1 or recurrent asthmatic episodesb2 or allergy 
c Atopic findings as total of skin prick test positivec1 (as ≥ positive control) and present eczemac2 
d Present exposure to furry pets at home  
e Present, daily exposure to tobacco smoke  
Cough without concurrent signs of respiratory infections 
f Registered hospital contacts at the Danish National Patients’ Registry for atopy related illness or 

respiratory tract infections  
g Abnormal delivery as anything related to the child but not only related to the mother 
h Recurrent infections as total of recurrent colds h1,, otitis media h2, pharyngitis h3, pneumonia h4 
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Table 7.5 Lung function data 

Mpn-Pos Mpn-Neg      

n Mean SD n Mean SD p-value Theta CIlow CIhigh 

sRaw (kPa*sec) 28 1.17 0.28 37 1.21 0.26 0.45 0.1 -0.1 0.2 

deltasRaw (%) 28 13.4 24.5 37 9.0 18.4 0.49 -3.0 -10.2 5.6 

p value Mann-Whitney test 
Theta Hodges-Lehmann estimate for the median difference between Mpn-Pos and Mpn-Neg 
CIlow Exact lower limit of the 95% CI for Theta 
CIhigh Exact upper limit for the 95% CI for Theta 
sRaw Specific airway resistance as measured by whole body plethysmography 
delta sRaw Change in sRaw before and after cold air challenge 

  

 

Figure 7.3 
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Baseline lung function by M. pneumoniae status: measured as 
specific airway resistance (sRaw, kPa*sec) with whole body 
plethysmography (each x represents one individual). 

 65



Figure 7.4 
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Bronchial responsiveness to hyperventilation with cold, 
dry air by M. pneumoniae status: measured as change in 
specific airway resistance (∆sRaw, %) before and after a 4-
minute isocapnic cold air challenge at a ventilation rate 
equivalent to body weight (l * min-1). Each x represents one 
individual. 
 

Evaluation of disease burden at the time of sampling for M. pneumoniae PCR could only 

be evaluated by data from the Danish National Patients’ Registry; these are described in 

more detail in paper II.  In summary, 27 / 99 children included (13 Mpn-Pos and 14 Mpn-

Neg) had a record at the Danish National Patients’ Registry, but only six children (five 

Mpn-Pos and one Mpn-Neg) had admissions related in time to the Mpn-PCR test. The 

Mpn-Neg child was not seen (RS virus pneumonia with asthmatic bronchitis). The five 

Mpn-Pos all had pneumonia; four of these were seen, and two obtained full lung function 

measurements without bronchial hyperresponsiveness (both had had atelectases from 

their M. pneumoniae pneumonia and one also asthmatic bronchitis). Only two children with 

a full test, one in each group, had recurrent contacts and both included asthmatic 

symptoms. All together, the only apparent difference between the Mpn-Pos and Mpn-Neg 

groups was the frequency of pneumonias in the Mpn-Pos group. Four of the five children 

with registry records of M. pneumoniae pneumonia had specimens submitted from 

hospitals, so customer information (hospital or GP) was used to estimate participation bias 

with regards to disease severity. The data did not support the presence participation bias 

(table 7.6).  

The validity of this approach, using customer information to indicate disease severity, is 

supported by data from the questionnaire study. 
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Table 7.6 Proportion of PCR specimens from hospitals (as an estimate of disease 

severity). 

 Mpn-Pos (%) Mpn-Neg (%) 

Children eligible, n = 865 7 9 

Children invited 7 6 

Children included 12 2 

Children seen 11 0 

Children with full sRaw + CACh 7 0 

 

7.4 Discussion 

7.4.1 Findings 

The main finding of the lung function study was that there was no tendency towards a 

difference in either lung function or bronchial responsiveness between the M. pneumoniae 

positive and M. pneumoniae negative children.  

M. pneumoniae is a well known trigger of symptoms in asthma patients (Waites, 2003), 

and has also been associated with onset of wheezing, most recently by Biscardi et al. 

(Biscardi et al., 2004). Findings of elevated total serum IgE, IgE specific to M. pneumoniae 

and IgE to common allergens during the infection has associated the infection with the 

asthmatic reactions (Seggev et al., 1996), although this might also indicate boosting in 

already sensitised individuals (Nagayama et al., 1987). Increased cytokine levels (IL-4 and 

IL-4/IFN-γ ratio) in BAL fluid have suggested a TH2-like cytokine response favouring IgE 

production (Koh et al., 2001). An aetiological role in the pathophysiology of asthma was 

suggested based on findings of colonisation or chronic infection in adults with chronic 

asthma (Kraft et al., 1998; Martin et al., 2001).  

 

The findings of this study do not support a role of early infection with M. pneumoniae in the 

development of recurrent wheeze or asthma. No differences between the M. pneumoniae 

infected and the control group were detected with regard to baseline lung function or 

bronchial responsiveness to cold air (Table 7.5, Figures 7.3 and 7.4). This clearly suggests 

that a previous infection with M. pneumoniae in pre-school children had not influenced lung 

function 2-3 years later.   

The lung function test was performed several months after the infection, and timing can 

obviously be questioned. A short-term difference between groups would have been 

overlooked because the children were examined on average 2 years after the infection. On 
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the other hand, it could be argued that any potential difference in lung function that has 

disappeared after 2-3 years cannot be considered a true long-term effect, and this was the 

main focus of the present study.  

The number of children studied is small, and thus it could be argued that the inability to 

demonstrate a difference between groups could be due to a type II error. However, the fact 

that not even a tendency towards a difference between groups was observed makes it 

unlikely that an enlargement of the groups would have resulted in significant differences 

(Figure 7.4).  

A true adverse effect of a M. pneumoniae infection could be obscured if the M. 

pneumoniae negative children had a higher predisposition to hyperresponsiveness due to 

unbalanced participation bias between groups. No such differences were found, and the 

prevalence of atopic predisposition from first-degree relatives was comparable to recent 

data from a Danish birth cohort of 562 children (51%) (Johnke, 2003) although higher than 

Danish figures from the 1980’s (Backer et al., 1989; Halken et al., 1991). Only 99 

consented of 249 invited. The slightly increased atopic predisposition probably reflects a 

general recruitment bias to the study but this does not affect the comparison between the 

Mpn-Pos and –Neg groups. 

Every attempt was made to ensure that the children were absolutely healthy at the time of 

lung function measurement. Any symptoms or recent colds or other respiratory diseases 

excluded measurement for at least 4 weeks. In spite of this, we found a higher than 

expected prevalence of hyperresponsiveness. The frequency of hyperresponsiveness was 

elevated in both our groups as compared with the control group in the study by Nielsen 

and Bisgaard (Nielsen and Bisgaard, 2000). This study, however, was designed as an 

evaluation of the method and used very strict selection criteria for the two participating 

groups in order to determine the discriminatory power of different techniques. Thus, the 

study groups consisted of extremely healthy children as controls and clearly asthmatic 

children in the diseased group. Therefore, children from this “normal population” would in 

fact be less hyperresponsive than those of an average child population. Thus, an 

estimated prevalence of hyperresponsiveness in a pre-school population would only be 

suggestive, since this age group is less well described. 

Obviously, any effect of other microbiological agents (e.g. RS virus) causing infection in 

the M. pneumoniae negative children could theoretically have interfered with our results if 

these microbes had a significant influence on lung function. However, the baseline lung 

function in both our studied groups was quite comparable with that observed in other 

studies examining healthy children of a similar age range (Klug and Bisgaard, 1998), thus 

making this explanation less likely. Furthermore, the long follow-up period would tend to 

minimize such an effect, since most of the children would have experienced several viral 
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infections during the follow-up period, whereas the risk of an M. pneumoniae infection 

during the intervening period was much less likely due to the low incidence of M. 

pneumoniae infections after epidemics (Lind et al., 1997), including this epidemic (Figure 

4, paper II). 

Analysis for a selection of other relevant microbiological causes of respiratory tract 

infection in these children revealed a microbe, mainly viruses, in another 18 of the patients 

in addition to the 28 that were positive for M. pneumoniae. However, these numbers were 

too small to provide a basis for any statistical evaluation, but no relation was seen between 

any microbe or combinations of microbes and lung function. The rather frequent co-

infections found in our study are in contrast to traditional microbiological views but 

coherent with findings in other studies (Gilbert et al., 1996; Grondahl et al., 1999; Principi 

and Esposito, 2001; Versteegh et al., 2003) and are most likely attributable to new 

diagnostic opportunities by PCR. For adenovirus the relevance of such findings is not 

clear. However, future longitudinal studies covering a broad spectrum of agents might be 

rewarding. 

7.4.2 Methodological considerations 

Lung function testing 
Lung function testing is an important part of evaluating respiratory symptoms and 

diagnosing and monitoring asthma. One of the most commonly used methods is 

spirometry to measure FEV1 (maximal Forced Expiratory Volume in one second) and FVC 

(Forced Vital Capacity). However, this technique requires good cooperation for timing and 

coordinating respiratory efforts according to instructions, and this cannot be expected to be 

reliable in young children. Techniques have been developed for describing lung function in 

infants, but they usually require sedation (Sly and Robertson, 1990). The opportunities 

available for investigating lung function in children between the ages of 2 to 6 or 7 years 

have been limited, however. Since routine testing in this age group is most realistic if it 

requires only normal, tidal breathing without sedation, several different methods were 

characterised in the doctoral thesis by B. Klug (Klug, 2002). Existing technology for adults 

was adapted to be used in pre-school children, in part by developing the facemask 

described in the methods section and adjusting calculation software. The characterisation 

included evaluations of the discriminative capacity for assessing bronchial responsiveness 

by direct challenge, i.e. pharmacological, (Klug and Bisgaard, 1996), and among five 

different methods the method of measuring specific airway resistance, sRaw, was the one 

with consistently satisfactory results in the age group in question. Similarly, the 

discriminatory capacity of indirect challenges, i.e. non-pharmacological, like cold, dry air, 
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was evaluated (Nielsen and Bisgaard, 2000), and sRaw was found to be the most 

sensitive of the techniques to distinguish between asthmatic and healthy children. 

Therefore, sRaw combined with cold air challenge as a provocation test has become the 

standard procedure for measuring lung function and bronchial responsiveness in children 

aged 2-6 years for research purposes and partly for monitoring outpatients at the COPSAC 

Research Unit, Københavns Amtssygehus Gentofte (previously Rigshospitalet). On this 

background, sRaw and cold air challenge was used in this investigation as the method for 

examining lung function in the present study as a reliable and useful technique for children. 

Validity of lung function measurements 
When evaluating results of studies that include lung function, it is important to note that 

results from different types of lung function tests are not directly comparable. Also, 

response to pharmacological challenge may differ from responses to non-pharmacological 

challenging. The direct, pharmacological stimulus acts by direct action on receptors on 

smooth muscle, whereas the indirect stimuli may be more specific for asthma by indicating 

underlying inflammation. They probably act by interaction with inflammatory cells or via a 

neural pathway rather than directly on smooth muscle (Wilson and Silverman, 2002). 
A number of possible influences may affect bronchial responsiveness. Some are 

potentially controllable or can be estimated, while others are uncontrollable.  

The potentially controllable effects can be either environmental exposure or related to the 

observer and/or the child. The controllable, environmental exposures are relevant 

medication and influence of respiratory tract infections. In this study, medication was 

paused as described in the methods section and a 4-weeks period free of respiratory tract 

infections prior to testing was required. In theory, the criterion of a disease free period 

might induce bias by excluding the most diseased children, but respiratory infections were 

only involved in 4 of the 17 children not seen.  

The observer related effects are to some extent dependant on the observer’s experience 

with testing. The studies that have characterised this test system have addressed the 

issue of repeatability (Klug, 2002) and also observer variability (Klug et al., 2000). Based 

on these experiences, the repeatability, originally estimated as mean differences within 

subjects (SDw), has now been incorporated as part of the accept criteria for test results as 

a maximally acceptable difference of duplicate measurements of 0.2 kPa*sec at the time of 

this study (later on adjusted to 0.3 kPa*sec in the standard operation procedure). Other 

than this criterion, controls for repeatability were not incorporated into this study, since the 

design included only a single test result as described in the methods section. An earlier 

study in healthy children (Klug and Bisgaard, 1998) had found a high rate of acceptability 

and, although acceptability increased with age, this indicated that a single visit would be 

sufficient for the majority of examinations also in the present study; particularly since the 
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acceptability data were based only on children without prior use of facemasks for 

inhalation medication. Hence, the issue of long-term repeatability was not addressed in 

this project except for sporadic tests, which were repeated days, weeks or months apart. 

Two cases with BHR were confirmed by a more experienced investigator (K.G. Nielsen), 

whereas the main investigator of the study did the remaining re-testing.  

Inter-observer variability was eliminated in the present study by having only one observer 

performing all tests. It cannot, however, be ruled out that greater intra-observer variability 

due to the level of experience of the main investigator affected the results in different ways. 

Such variability would be inversely related to the age of the child. So, to diminish any 

influence related to the interaction between experience and the age of the child, the 

children were scheduled for examination according to age, starting with the oldest, 

irrespective of Mpn-PCR group. The overall success rate of measurements in 79% of the 

participants in the present study is considered acceptable, although, particularly in the 

youngest children, this rate is lower than that obtained on healthy children (Klug and 

Bisgaard, 1998). Apart from reflecting differences in observers’ experience, this may also 

be due to differences in the two populations of children: the parents’ motivation for 

participating in the two studies may have differed.  

Observer bias is another potential influence on out-come, and this was sought eliminated 

by examining the children without awareness of Mpn-PCR status as mentioned. This was 

achieved by using data files without PCR results for scheduling children and contacting 

families. Also, very few families had any recollection of the result. 

The uncontrollable, or unquantifiable, environmental exposures can be air pollution, 

tobacco smoke or allergen exposure in sensitised children prior to testing. These might 

leave the respiratory tract relatively refractory to challenge if already bronchoconstricted at 

testing. No bronchodilator response was included in the test. Five children had high 

baseline lung function values (> 1.6 kPa*sec); 2 of these were re-tested by different 

methods or at a different time, where results were confirmed by a different investigator. 

Bronchoconstriction from allergen exposure prior to testing is considered of minor 

importance, since only 8 children had any response by skin prick testing. Five children had 

non-significant responses, 3 children had positive responses, and 2 of these 3 children 

showed bronchial hyperresponsiveness.  

All together, although a number of variables may have influenced the measurements 

obtained in this study, and although they may have affected the proportion of children 

defined as hyperresponsive, this influence has been reduced by the precautions described 

above. Most importantly, such influence is not very likely to affect the results or 

conclusions of the study, since it is expected to be evenly distributed between the two 

groups compared. 
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Bronchial responsiveness and asthma 
This study was undertaken to investigate a possible association between M. pneumoniae 

infection and development of wheeze or asthma. However, there is no single or simple 

way of diagnosing asthma in children, and different laboratories use different methods as 

their primary methodology. Lung function and challenge testing of bronchial 

responsiveness may reveal bronchial hyperresponsiveness, but this is not directly 

synonymous with testing for asthma. This is so, although it has traditionally been 

considered a criterion for diagnosing asthma. Findings of BHR may be related to the 

specific type of challenge, which makes comparisons between studies and summarising of 

findings more difficult. Furthermore, not all asthmatic patients are hyperresponsive and not 

all hyperresponsive individuals have asthma. Still, although the diagnostic and prognostic 

usefulness of positive challenge tests for individual cases is not fully established, BHR and 

asthma are correlated and this correlation is considered to reflect biological conditions 

(Pattemore and Holgate, 1993), and so, lung function testing with challenge is a useful tool 

in evaluating respiratory health.  

The total number of hyperresponsive children in our study is small (n = 15) so statistical 

testing for correlations between hyperresponsiveness and variables related with asthma is 

not justified. However, when looking for trends as a control for the validity of our findings, 

no parameter seems correlated with hyperresponsiveness, not even use of past or present 

inhalation steroids. This is probably due to a very small number of children who would be 

considered “clear-cut” asthmatics by their history alone (only 1 or 2 participants). In this 

context, it would be relevant to re-consider indications for lung function testing on a widely 

selected cohort rather than children referred to an out-patient clinic specialised in 

respiratory symptoms. As discussed in relation to microbiological testing, the predictive 

value of a positive test is particularly affected in low prevalence situations. Still, lung 

function testing is widely accepted and used for obtaining more objective and standardised 

information when evaluating respiratory status and this was the rationale in the present 

study aiming at describing possible long-term effects of the infection rather than relying on 

a medical history or basic clinical examination. 

 
Patient registry data 
The design of the lung function study was a retrospective cohort study based on 

specimens collected during an epidemic of M. pneumoniae. This allowed for the 

examination of a relatively large group of pre-school children as compared with other 

studies about this microbe. Naturally, such a design has inherent problems with 

establishing details about the infectious period itself and short-term consequences after 

the infection. For this reason as well as controlling for major differences within the study 
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population, data were collected from the Danish National Patients’ Registry by the 

personal registration numbers of the children. Relatively few of the participating children 

had any data records within the relevant ICD-10 codes, and the distribution of hospital 

admissions between children seen for follow-up examination and children not seen did not 

indicate participation bias towards the ones seen being more diseased. Comparing 

morbidity in this way has inherent difficulties. One type of difficulty is limitations in 

sensitivity: On-going outpatient contacts are not listed in the registry, but this was relevant 

in only one of the children seen for follow-up examination; furthermore, the registry data in 

this study are the “tip-of-the-iceberg” for several of the ICD-10 codes, since they represent 

an unknown and variable degree of health care contacts with the primary and secondary 

sector before and/or after the hospital contact. For instance, single records of wheezing or 

unspecified asthma symptoms were sometimes single events when compared with the 

children’s histories, whereas other records represent periods of regular inhalation 

treatment usually administered by a general practitioner. 

Another difficulty is the problem of comparing or weighting different types of diagnoses. 

The limited number of hospital admissions registered reduces the options for uniformity in 

evaluating morbidity in the two M. pneumoniae groups as well as in the groups of children 

seen and not seen, since it inevitably includes comparison across different types of 

diagnoses. To some extent it can be considered an attempt to compare the incomparable, 

when comparing the example of single records of asthmatic symptoms with single records 

of acute or chronic tonsillitis, possibly including tonsillectomy.  

Furthermore, according to the patients’ histories given by the parents, it is evident that 

some relevant hospital contacts are not given in the data collected. This can only partly be 

explained by “obs pro-diagnoses” not specified with the ICD-10 codes for this study. 

Contacts with the paediatric emergency room appear to be somewhat variably registered, 

since inhalation therapy given in the paediatric emergency room is not always included in 

the registry records. 

Bearing these things in mind, the Danish National Patients’ Registry is still a valuable 

option for some level of follow-up on participants otherwise lost from the study.  

The scarcity of registry data is more pronounced in this study from an epidemic period than 

in the questionnaire study from an endemic period. A lower than normal threshold for 

sampling was observed due to the massive media coverage of the epidemic. This was 

reflected in the smaller proportion of hospital samples in the lung function study and thus 

coherent with the few registry data. All participating children would have to be 

symptomatic, but since the respiratory tract specimens were primarily submitted from 

general practitioners, this cohort was considered more comparable to a population based 

study than to a group of children referred to hospital for respiratory tract disease. 
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7.5 Conclusion 

This study, based on a broadly selected cohort, found that M. pneumoniae respiratory tract 

infection in young children of ½ - 5 years is not associated with long-term influence on lung 

function and bronchial hyperresponsiveness 2 – 3 years after the infection. 

The cohort was too small to allow stratification for identifying subsets of children that may 

be at greater risk of developing asthma after the infection. The results do, however, 

demonstrate the need to reconsider case-control studies selecting wheezy patients. 

Further investigations of M. pneumoniae in asthma aetiology should be undertaken as 

population cohort studies. 

 74



8 Conclusions and perspectives 

M. pneumoniae and acute disease 
• In the questionnaire study all participants were part of a clinical cohort, i.e. they all 

had respiratory tract symptoms to be enrolled in the study. It was clearly 

demonstrated that M. pneumoniae causes significant acute and convalescent 

morbidity in children younger than five years-of-age, and that the infection is 

responsible for a considerable disease burden in the families involved due to the 

duration of the illness.  

 

• Due to a large overlap between the M. pneumoniae positive and negative groups, 

the diagnostic value of the clinical presentation was poor, emphasizing the 

relevance of microbiological testing before macrolide antibiotics are used. 

 

• The questionnaire study should be continued to include an epidemic season, after 

modification of the questionnaires according to the experience gained from this 

study, in order to evaluate disease presentation depending on the epidemic 

situation. Increasing the size of the study population may allow the identification of 

risk groups for more severe disease and / or asthma development. 

 

M. pneumoniae and asthma 
• No indication of long-term respiratory sequelae from M. pneumoniae infection in 

early childhood was found in this thesis, neither from the follow-up data obtained 

from the questionnaire study nor from the extensively investigated children in the 

lung function study. Both of these studies were cohort studies in contrast to the 

more common case-control studies (which select wheezy patients) that have 

associated M. pneumoniae infections with asthma development.  

The findings in both of the present cohorts could be further validated by 

supplementary investigation of registry data about relevant medication (any 

treatment with antibiotics and asthma medicine). This could extend the follow-up 

period to indicate a possible long-term influence of M. pneumoniae infection. Also, 

details about antibiotic treatment may be evaluated for both cohorts.  

 

• Further cohort studies are required to evaluate the nature of the relationship 

between M. pneumoniae and asthma. The approach of using medication registry 

data could enable a large-scale investigation of an association between M. 
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pneumoniae infections and asthma development. An association could be 

evaluated by comparing relevant medication data for all or selected age groups of 

patients tested for M. pneumoniae by PCR during the past ten years and by 

comparing these findings with data for randomly selected population samples.  

 

• Studies on prospective, population-based cohorts are required to include 

asymptomatic cases and correctly describe the natural history of M. pneumoniae 

infections, including possible colonisations.  

 

Surveillance and respiratory tract infections in general 
• Considerable disease burden exists from respiratory tract infections in families with 

young children, and M. pneumoniae is not the most frequent microbe involved. By 

establishing surveillance systems for respiratory tract infections, new insight into 

the aetiology of “cough and sneeze” and the natural history of various microbes 

could be gained in addition to monitoring incidences. A surveillance system could 

be similar to the influenza sentinel surveillance system but should include broad 

microbiological testing. Insight gained this way would not only improve counselling 

of patients about expected disease course and duration for the microbes involved 

but also assist decision-making about use of antibiotics. Importantly, knowledge 

about potential long-term influence of specific microbes might be obtained from 

follow-up through analysing surveillance data in combination with registry data of 

medication. 
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9 English summary 
Disease from Mycoplasma (M.) pneumoniae is less well described for pre-school children 

than for school-age children, where the infection is known to have variable clinical 

manifestations. Pneumonia is the most important manifestation and occurs in 

approximately 30% of infected school age children, but overall pneumonia represents less 

than 5 – 10% of all M. pneumoniae infections. M. pneumoniae is known to exacerbate 

asthma and has also been associated with the development of asthma in case-control 

studies. More recently, increasing evidence indicates that M. pneumoniae infections are 

important also in early childhood. 

 

Based on the hypothesis that M. pneumoniae may cause asthma and that the influence of 

infections by this bacterium in early childhood has been underestimated due to limited 

diagnostic tools, variable clinical manifestations and a higher prevalence of viral respiratory 

tract infections in early childhood, this thesis aimed to investigate M. pneumoniae in two 

broadly selected cohorts of 0-to-5-year-old children. Acute disease presentation was 

investigated in one clinical cohort and, in a second clinical cohort, a possible causal 

relationship between M. pneumoniae infection and asthma development was investigated 

by lung function and bronchial responsiveness. Both cohorts consisted of children younger 

than 5 years-of-age when having respiratory tract specimens submitted for diagnostic M. 

pneumoniae test by polymerase chain reaction (PCR). Children with a positive test were 

compared to children with a negative test. 

The classification of children in both cohorts was based on a sensitive and specific routine 

diagnostic test for M. pneumoniae by PCR. The diagnostic test includes an internal control 

in each sample to prevent false negative results from polymerase inhibition and a 

secondary confirmatory test to out-rule false positive results from contamination by PCR 

products. The original specimens for M. pneumoniae PCR were additionally tested, also by 

PCR, for other respiratory bacteria (Chlamydia pneumoniae, Bordetella pertussis and 

parapertussis, Ureaplasma urealyticum and U. parvum) and viruses (influenza virus A and 

B, parainfluenza virus 1, 2, and 3, respiratory syncytial virus, metapneumovirus and 

adenovirus). Microbes other than M. pneumoniae were mostly viruses, the most frequently 

detected in both cohorts was adenovirus, and in the lung function cohort RS virus findings 

were similar to adenovirus. Co-infections with M. pneumoniae were relatively frequent, as 

were co-infections with adenovirus.  

Disease presentation was investigated in a prospective study of 134 children (48 PCR-

positive and 86 PCR-negative) and was determined by using two questionnaires for acute 
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and for late symptoms, respectively. Children were enrolled for the questionnaire study 

during the endemic period from October 2000 till January 2004. Disease burden was 

significantly greater in the M. pneumoniae positive children as demonstrated by overall 

morbidity, p = 0.002, which was independent of background health, longer disease 

duration, p <.0001, and more symptoms during convalescence, p = 0.02. Morbidity showed 

no relation to age in either M. pneumoniae positive or – negative children. Due to a large 

overlap of symptoms between the two groups, the diagnostic value of the clinical 

presentation was poor, emphasizing the relevance of microbiological testing before 

macrolide antibiotics are used.  

Lung function was evaluated in 65 of 82 children seen for clinical follow-up (28 PCR-

positive and 37 PCR-negative). Lung function was measured as specific airway resistance 

(sRaw) by whole-body plethysmography, and bronchial responsiveness was assessed by 

cold, dry air hyperventilation as challenge. Data from the National Patients’ Registry were 

used to control for major differences between the M. pneumoniae positive and negative 

group. This study was retrospectively selected from the epidemic winter of 1998 / -99 with 

follow-up on average 2 years later, in an endemic period. No differences were found 

between the M. pneumoniae positive and – negative children to support any long-term 

influence on lung function from M. pneumoniae. Neither baseline lung function nor 

bronchial response to cold dry air hyperventilation differed between M. pneumoniae -

positive and -negative children: mean baseline lung function were 1.17 vs. 1.21 (kPa * s), p 

= 0.45; and mean change in specific resistance was 13% vs. 9%, p = 0.42. Furthermore, 

the same proportion of children showed bronchial hyperresponsiveness in the PCR-

positive and – negative groups, 24% vs. 21%, p = 1.00.  

 
Thus, this thesis has demonstrated the relevance of considering infections from M. 

pneumoniae as differential diagnosis in children younger than five years-of-age due to 

significant acute and convalescent morbidity and the duration of the illness. The results of 

this thesis also question the suggested association between M. pneumoniae infection and 

asthma development, since no indication of long-term respiratory sequelae was found in 

the extensively investigated children in the lung function study, where no influence on lung 

function or bronchial hyperresponsiveness was found 2 years after the infection. This 

result is supported by follow-up data from the questionnaire study. In conclusion, the 

investigations strongly indicate that M. pneumoniae infection in early childhood has no 

causal relationship with debut of asthma. 
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10 Dansk resumé 
Sygeligheden ved infektion med Mycoplasma (M.) pneumoniae er væsentligt mindre 

beskrevet for førskole børn end for børn i skolealderen, hvor infektionen er kendt for at 

have meget variable sygdomsmanifestationer. Pneumoni er den vigtigste manifestation og 

ses hos ca. 30% af inficerede børn i skolealderen, men overordnet set kun hos højst 5 – 

10% af de inficerede. M. pneumoniae er kendt for kunne provokere astmaanfald hos 

astmatikere og ud fra studier, der har undersøgt patienter med astmatiske symptomer, er 

bakterien tillige fundet associeret med debut af astma. Et stigende antal studier antyder, at 

infektion med M. pneumoniae, i modsætning til tidligere beskrivelser, også har klinisk 

betydning i den tidlige barnealder. 

 

Det har været formålet med den aktuelle ph.d.-afhandling at belyse infektioner med M. 

pneumoniae i to bredt selekterede kliniske kohorter, ud fra hypotesen om at M. 

pneumoniae kan forårsage astma, samt at betydningen af infektioner med denne bakterie 

har været undervurderet hos førskole børn på grund af diagnostiske begrænsninger, et 

meget varieret sygdomsbillede, og en større hyppighed af virale luftvejsinfektioner i de 

første leveår. Sygdomsbilledet blev undersøgt med spørgeskemaer i én kohorte; og en 

mulig ætiologisk sammenhæng mellem M. pneumoniae infektion og udvikling af asthma 

blev undersøgt ved målinger af lungefunktion og hyperreaktivitet i en anden kohorte. 

Begge kohorter bestod af børn, der før 5 års alderen havde fået sendt en luftvejsprøve til 

diagnostisk undersøgelse for M. pneumoniae med polymerase kæde reaktion (PCR). Børn 

med en positiv test blev sammenlignet med børn med en negativ test. 

Klassifikation af børnene i begge kohorter var baseret på en PCR test med høj følsomhed 

og specificitet. PCR testen inkluderer en intern kontrol i hvert prøverør. Derved sikres mod 

falsk negative resultater ved hæmning af polymerase enzymet. Testen består endvidere af 

en sekundær konfirmatorisk test af positive prøver for at forhindre falsk positive svar på 

grund af evt. kontamination med PCR-materiale. De oprindeligt modtagne prøver blev 

yderligere PCR testet for andre, differentialdiagnostisk relevante bakterier og virus 

(Chlamydia pneumoniae, Bordetella pertussis og parapertussis, Ureaplasma urealyticum 

og U. parvum, influenza virus A og B, parainfluenza virus 1, 2, og 3, respiratorisk syncytial 

virus, metapneumovirus og adenovirus). De mikrober, der påvistes udover M. 

pneumoniae, var hovedsageligt virus. Den hyppigst forekommende i begge kohorter var 

adenovirus, og i lungefunktionsstudiet påvistes RS virus i et omfang, der svarede til 

adenovirus. Co-infektioner med M. pneumoniae var relativt hyppige, og det samme var 

tilfældet for adenovirus. 
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Sygdomsbilledet for M. pneumoniae hos 134 førskole børn (48 PCR-positive og 86 PCR-

negative) blev i et prospektivt studie undersøgt ved hjælp af 2 spørgeskemaer til 

henholdsvis akutte og sene manifestationer. Inklusionsperioden var fra oktober 2000 til og 

med december 2003. Sygeligheden hos de M. pneumoniae positive børn fandtes 

signifikant større i form af en højere samlet morbiditet, p = 0,002, som var uafhængig af 

helbredsstatus i øvrigt; endvidere i form af længere sygdomsvarighed, p < 0,0001, samt 

flere symptomer i rekonvalescens perioden, p = 0,02. Morbiditet fandtes uafhængig af 

alder hos både de M. pneumoniae positive og – negative børn. Forekomsten af de enkelte 

symptomer viste et stort overlap mellem de 2 grupper, hvorfor den diagnostiske værdi af 

den kliniske sygdomspræsentation var meget lav. Dette understreger betydningen af 

mikrobiologisk undersøgelse forud for anvendelse af makrolid præparater. 

 

Lungefunktion og hyperreaktivitet blev målt hos 65 ud af i alt 82 børn, der blev undersøgt 

ved en klinisk follow-up undersøgelse (28 PCR-positive og 37 PCR-negative). 

Lungefunktion blev målt som ”specific airway resistance” (sRaw) ved hjælp af 

helkropspletysmografi, og hyperreaktivitet blev undersøgt med hyperventilation af tør, kold 

luft som provokation. Oplysninger fra Landspatientregisteret anvendtes som kontrol for 

større helbredsmæssige forskelle imellem den M. pneumoniae positive og – negative 

gruppe. Undersøgelsen omfattede børn, der var inviteret retrospektivt efter at være 

undersøgt med PCR under en epidemi med M. pneumoniae i vinteren 1998 / -99. 

Opfølgende klinisk undersøgelse fandt sted gennemsnitligt 2 år senere i en endemisk 

periode. Der fandtes ingen forskelle i lungefunktion eller hyperreaktivitet mellem de M. 

pneumoniae positive og negative børn som kunne give holdepunkt for en langtidseffekt på 

lungefunktionen af denne bakterie. Der var hverken forskel på baseline lungefunktion eller 

respons på hyperventilation (målt som delta sRaw) med kold luft imellem de positive og 

negative børn: middel baseline lungefunktion var 1,17 versus 1,21 (kPa*s), p = 0,45. 

Middel delta sRaw efter provokation var 13% versus 9%, p = 0,42. Endvidere var andelen 

af hyperreagerende børn ens for de PCR-positive og – negative børn, nemlig 24% og 

21%, p = 1,00. 

 

Sammenfattende har arbejderne, der indgår i denne ph.d.-afhandling, vist, at infektioner 

med M. pneumoniae er relevante også hos børn under 5 års alderen på grund af betydelig 

morbiditet og sygdomsvarighed. Fundene sætter endvidere spørgsmålstegn ved den 

association, som case-control studier har fundet mellem M. pneumoniae og debut af 

astma, idet der ikke fandtes nogen som helst tegn på en længerevarende påvirkning af 

luftvejene ved den ekstensive testning af børnene i lungefunktionsstudiet. Dette resultat 
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støttes af fund fra spørgeskemaundersøgelsen vedrørende sene symptomer efter M. 

pneumoniae infektion. Der er således ingen holdepunkter for, at M. pneumoniae infektion i 

den tidlige barnealder forårsager efterfølgende astma. 
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Spørgeskema 1 
Til forældre, hvis børn er undersøgt for Mycoplasma-infektion 

 
 

Barnets navn «Barnets_navn» 

CPR-nr. «CPRnr» 

Prøvetagningsdato «Prøvetagndato» 

 

Hvem udfylder skemaet? mor  far  andre  ________ 

Dato for udfyldelse: / - 

Egen læge:  

 

Spørgsmål om den sygdom, der førte til undersøgelse for mycoplasma: 

 

1) Hvor mange dage var barnet sygt, før prøven blev taget? 
(Skriv dit bedste skøn.) 

                                             dage 

2) Hvilke symptomer havde barnet?  
(Sæt gerne flere krydser) 
 
 
 
 
 

feber 
forkølelse 
hoste 
vejrtrækningsbesvær 
synkebesvær 
øjenbetændelse 
hududslæt 
opkast ved hosteanfald 
opkast uden hoste 
diarré 
træthed 
appetitløshed 
andet : ________________

 
 
 
 
 
 
 
 
 
 
 
 
 

3) Hvis der var feber, hvor høj var temperaturen for det meste? ___________________

Fortsættes på næste side 
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4) Blev barnet også set af vagtlæge i samme sygdomsperiode? 

  ja, 1 gang 
ja, flere gange 
nej 

 
 
 

5) Blev barnet indlagt? 
 

ja 
nej 

 
 

 Hvis ja, på hvilket hospital? _________________________ 

6) 
 
 
 

Fik barnet antibiotika? 
 
 
Hvis ja: 

ja 
nej 
ved ikke 
 

 
 
 

a) 
og 

Hvad hed præparatet? _________________________ 

b) Lykkedes det at give barnet den ordinerede medicin? 

  ja 
nogenlunde 
nej 

 
 
 

7a) Hvor længe varede sygdommen i alt?  
(Skriv dit bedste skøn ) 

_____________________dage 

7b) Hvor lang tid af sygdomsperioden krævede sygemelding? 

 
(Dvs. hvor længe var barnet væk fra institution el. lign. på 
grund af sygdom? For børn, der var væk fra institution mere 
end 1 gang i samme sygdomsperiode skrives f.eks. ”2 gange 3 
dage.” For børn, der passes hjemme skønnes, hvor længe de 
skulle have været væk fra en pasningsordning.) 

_____________________dage 

7c) Har barnet haft nogen symptomer på sygdommen efterfølgende? 

  ja 

nej 

 

 

 Hvis ja, hvilke? Hoste  

Pibende eller hvæsende vejtrækning  

Nemt ved at blive forpustet 

Træthed 

Nedsat appetit 

Andet: ______________________________ 

 

 

 

 

 

 

Fortsættes næste side 
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8a) Har andre i familien (her menes samme husstand) været syge i den samme 
periode? 

  ja 
nej 

 
 

 Hvis ja, hvem? 
 

yngre søskende/børn 
ældre søskende/børn 
forældre 
andre:_____________ 

 
 
 
 

8b) Hvem i familien (samme husstand) blev først syg? barnet selv 
yngre søskende/børn 
ældre søskende/børn 
forældre 
andre:_____________ 

 
 
 
 
 

 

Bemærkninger:  

 

 

 

 

Der må gerne sættes mere end 1 kryds ved spørgsmålene. 

Det er vigtigt at besvare alle spørgsmål. Husk også at sætte kryds, når svaret er “nej”. 

 

Obs! Fortsættes på de næste 2 sider 
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Almene spørgsmål om familiære forhold og barnets helbred før den 

sygdom, der førte til undersøgelse for mycoplasma 

1) Har barnet nogen søskende? ja  nej  

 

1a) 

Hvis ja: Barnet er nr. ___  ud af ialt ___  søskende

Hvor mange børn bor i alt på samme adresse? 

 

 _____________________ 

 

børn 

2) Er barnet født til tiden? (dvs. fra 3 uger før til 2 uger efter forventet tidspunkt) 

  ja  nej  

 Hvis nej, hvor meget for tidligt? 
Hvis nej, hvor meget for sent? 

 _____________________ 
 _____________________ 

uger 
uger 

3) Hvor meget vejede barnet ved fødslen?  _____________________ gram 

4) Har nogen i familien en eller flere af følgende lidelser: allergi/ høfeber/ 
børneeksem (=astmaeksem)/ nældefeber/ astma? 

   barnet selv 
mor 
far 
søskende 
bedsteforældre  
andre: _________________ 
forekommer ikke 

 
 
 
 
 
 
 

4a) Hvem i familien har hvilken af lidelserne? __________________________________ 

__________________________________________________________________________ 

5) Udsættes barnet dagligt for passiv rygning? ja  nej  

6) 
 
6a) 

Har barnet daglig kontakt med pelsdyr? 
 
Har barnet daglig kontakt med fugle? 

ja  
hvilke(t)?_____________ 
ja  

nej  
 
nej  

7) Er barnet rask til daglig? ja  nej  

 
7a) 
 
eller 
7b) 

Hvis nej: 
Har barnet en kendt sygdom? 
(f.eks. allergi, epilepsi, sukkersyge, 
trivselsproblemer/vækstproblemer.....) 

 
Er barnet ved at blive undersøgt for en sygdom? 
(f.eks. allergi, epilepsi, sukkersyge, 
trivselsproblemer/vækstproblemer.....) 

 
ja  
hvilken? _____________ 
 
ja  
hvilken? _____________ 

 
nej  
 
 
nej  

Fortsættes næste side 
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7c) 
 

Er barnet i behandling med medicin? 
 

ja, dagligt 
ja, ved behov 
nej 

 
 
 

7d) Hvis ja, hvad hedder medicinen? ____________________________ 

7e) Har barnet symptomer på sin sygdom? ja, ofte 
ja, af og til 
ja, men sjældent 
nej 

 
 
 
 

8) Har barnet tendens til luftvejsproblemer?  ja   nej  

8a) Hvis ja, hvilke? 
 

forkølelse ........................ 
mellemørebetændelse .... 
halsbetændelse .............. 
astmatisk bronkit/astma.. 
lungebetændelse ........... 
andet ............................... 

 
 
 
 
 
 

8b) Ca. hvor tit har barnet symptomer på dette?  

 (Hvis du har sat flere kryds i 
8a, så skriv venligst sygdom 
på linien) 

 dagligt _________________________________ 
ugentligt _______________________________ 
månedligt ______________________________ 
halvårligt  ______________________________ 
sjældnere end halvårligt _________________ 

 
 
 
 
 

 

Bemærkninger: 

 

 

 

 

Der må gerne sættes mere end 1 kryds ved spørgsmålene. 

Det er vigtigt at besvare alle spørgsmål. Husk også at sætte kryds, når svaret er “nej”. 

Tak for din deltagelse! 
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Spørgeskema 2 
Til forældre, hvis børn tidligere er undersøgt for Mycoplasma-infektion 

 

 

Barnets navn «Barnets_navn» 

CPR-nr. «CPRnr» 

Prøvetagningsdato «Prøvetagndato» 

 
 

Hvem udfylder skemaet?  mor  far  andre  ____________ 

Dato for udfyldelse: / - 

Egen læge:  

 

Spørgsmål om barnets helbred efter den sygdom, der førte til undersøgelse 
for mycoplasma: 

 

1a) Har barnet haft problemer med luftvejene efter den sygdom, der førte til 
undersøgelse for mycoplasma? 

  ja 
nej 

 
 

1b) Hvis ja, hvilke? 
 

Hoste ved ny infektion? ................................................. 
Hoste om natten uden samtidig infektion? ................... 
Hoste ved anstrengelse eller latter? ............................. 
Hoste ved f.eks. tobaksrøg, kulde eller støv? ............... 
Pibende eller hvæsende vejrtrækning? ........................ 
Bliver barnet nemt forpustet? ..................................... 
Andet ____________________________________ 

 
 
 
 
 
 
 

1c) Hvis ja, har symptomerne givet anledning til en undersøgelse af barnet? 

  ja, hos egen læge 
ja, ved vagtlæge 
ja, på hospital 
nej 
andet ______________ 

 
 
 
 
 

Fortsættes på næste side 
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1d) Hvis symptomerne førte til læge-undersøgelse, hvad viste undersøgelsen da? 

 _________________________________________________________________________ 

1e) Er barnet startet nogen behandling for symptomerne? 

Hvis ja, hvilken? _________________________________________________________ 

2a) Blev andre i familien ( her menes samme husstand) syge i den samme periode? 

  ja 

nej 

 

 

 Hvis ja, hvem? yngre søskende/børn 
ældre søskende/børn 
forældre 
andre ___________ 

 
 
 
 

2b) Hvem i familien (samme husstand) blev først syg? barnet selv 
yngre søskende 
ældre søskende 
forældre 
andre ____________ 

 
 
 
 
 

3a) Hvilken pasningsform var barnet i, da det blev sygt? 

  hjemme 
daginstitution 
dagpleje 

 
 
 

3b) Hvor bliver barnet passet i dag? hjemme 
daginstitution 
dagpleje 

 
 
 

 

Bemærkninger:  

 

 

 

Der må gerne sættes mere end 1 kryds ved spørgsmålene. 

Det er vigtigt at besvare alle spørgsmål. Husk også at sætte kryds, når svaret er “nej”. 
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14 Appendix 3  Additional data from the questionnaire 
study 

 
• Histograms of age distributions of PCR sampling and selected 

symptoms from disease presentation. For all histograms in appendix 3, each 

x represents one individual. 

 

• Tables of analyses of variance 1 and 2 
 

• Tables of selected symptoms from disease presentation by PCR 
customer 
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Histograms 
 
Figure App.3.1. Age at PCR sampling 
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Histograms showing the distribution in the M. pneumoniae positive and M. pneumoniae 

negative groups for selected symptoms in disease presentation 

 

Figure App.3.2. Cold 
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Figure App.3.3. Difficulty in breathing 
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Figure App.3.4. Rash 
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Figure App.3.5. Vomit provoked by coughing 
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Figure App.3.6. Fatigue  
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Figure App.3.7. Loss of appetite 
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Figure App.3.8. Temperature as included in the morbidity score as 3 ordered out-comes, 

“febrile” (normal temperature, low fever of a temperature < 39oC, or high fever as 

temperature ≥ 39oC) 
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Analysis of variance 1  
Table App.3.1. Analysis of variance of morbidity as a function of atopy and Mpn-status.  

Source DF Sum of squares Mean square F value Pr > F 

Model 2 199.88 97.44 7.87 0.0006 

Error 129 1597.20 12.38   

Corrected total 131 1792.10    

Source DF Type I SS Mean Square F value Pr > F 

Mpn 1 125.85 125.85 10.16 0.002 

Atopy 1 69.04 69.04 5.58 0.02 

Source DF Type III SS Mean Square F value Pr > F 

Mpn 1 119.92 119.92 9.69 0.002 

Atopy 1 69.04 69.04 5.58 0.02 

DF degrees of freedom 
Type I SS a model that tests the influence of the factors and combinations of factors listed by stepwise, 

backwards exclusion of factors 
Type III SS a model that tests the influence of the factors and combinations of factors listed without 

exclusion of factors during the analysis 

 

 

Analysis of variance 2 

Table App.3.2. Analysis of variance of morbidity as a function of PCR-customer and Mpn-

status.  

Source DF Sum of squares Mean square F value Pr > F 

Model 2 300.14 150.07 12.99 <.0001 

Error 131 1513.10 11.55   

Corrected total 133 1813.23    

Source DF Type I SS Mean Square F value Pr > F 

Mpn 1 132.34 132.34 11.46 0.0009 

Customer 1 167.80 167.80 14.53 0.0002 

Source DF Type III SS Mean Square F value Pr > F 

Mpn 1 40.34 40.34 3.49 0.06 

Customer 1 167.80 167.80 14.53 0.0002 

DF degrees of freedom 
Type I SS a model that tests the influence of the factors and combinations of factors listed by stepwise, 

backwards exclusion of factors 
Type III SS a model that tests the influence of the factors and combinations of factors listed without 

exclusion of factors during the analysis 
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Tables of selected symptoms 

Table App.3.3. Significant symptoms according to PCR customer 

All Hospital General Practitioner 
 

p-value Mpn yes % p-value Mpn yes % p-value 

Acute disease presentation 

Cold pos, n = 24 7 29 pos, n = 24 8 33 

 
<.0001 

neg, n = 15 6 40 
0.51 

neg, n = 71 52 73 
0.001 

Fatigue pos, n = 24 20 83 pos, n = 24 18 75 

 
<.0001 

neg, n = 15 8 53 
0.07 

neg, n = 71 29 41 
0.005 

pos, n = 24 21 88 pos, n = 24 14 58 Loss of 
appetite 0.0003 

neg, n = 15 7 47 
0.01 

neg, n = 71 27 38 
0.10 

Febrile pos, n = 24 17 71 pos, n = 24 12 50 

 
0.02 

neg, n = 15 8 53 
0.32 

neg, n = 71 25 35 
0.23 

Antibiotics pos, n = 24 23 96 pos, n = 22 20 91 

 
<.0001 

neg, n = 15 11 79 
0.13 

neg, n = 68 22 32 
<.0001 

Convalescence 

pos, n = 24 18 75 pos, n = 24 14 58 Symptoms after, 
any 0.02 

neg, n = 15 7 47 
0.10 

neg, n = 71 32 45 
0.35 

pos, n = 24 12 50 pos, n = 24 6 25 
Fatigue after 0.003 

neg, n = 14 1 7 
0.01 

neg, n = 71 11 15 
0.36 

pos, n = 24 11 46 pos, n = 24 5 21 
Loss of appetite 0.03 

neg, n = 14 2 14 
0.08 

neg, n = 71 11 15 
0.54 
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Table App.3.4. Distribution of frequent symptoms for M. pneumoniae infection according to 

PCR customer (listed by falling frequency) for all positive participants 

 All 
n = 48 

Hospital 
n = 24 

General Practitioner 
n = 24 

 yes % yes % yes % 

Acute disease presentation 

Cough 47 98 23 96 24 100 

Antibiotics 43 93 23 96 20, n = 22 91 

Fatigue 38 79 20 83 18 75 

Fever 37 77 21 88 16 67 

Loss of appetite 35 73 21 88 14 58 

Febrile, ≥ 39oC 29 60 17 71 12 50 

Temperature,normal 11 23 3 13 8 33 

Difficult breathing 23 48 17 71 6 25 

Cough-provoked vomiting 22 46 13 54 9 38 

Convalescence 

Symptoms after, any 32 67 18 75 14 58 

Cough after 24 50 15 63 9 38 

Fatigue after 18 38 12 50 6 25 

Loss of appetite after 16 33 11 46 5 21 

Wheeze after 10 21 7 29 3 13 
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15 Appendix 4  Lung function test system 
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Figure App. 4.1. Measuring specific airway resistance. 

 

Photo of whole body plethysmograph with measurement of sRaw. 

 

Figure App. 4.2. Equipment for cold air challenge 

 

Photo of cold air challenge equipment also shown by the schematic illustration in figure 
7.1. The child hyperventilates to keep the hot-air balloon at the indicated level. 
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Figure App. 4.3. Specific airway resistance curves 

 

An example of sRaw curves before and after cold air challenge. The difference in slope 
illustrates increased sRaw as response to cold air. 

 
 

 116



16 Appendix 5  …. adults talk too much… 
Drawings while adults talk 
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