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I. Introduction.

The concept of “atypical” respiratory tract infections with associated clinical
pneumonia developed with the description by Hobart Reiman in 1938 of patients
with an “atypical” presentation of pneumonia characterized by a mild onset that
progressed to dyspnea with nonproductive cough in an article entitled, “An acute
infection of the respiratory tract with atypical pneumonia” (Donowitz and Mandell,
2000; Gupta and Sarosi, 2001). “Atypical”’ pneumonia came to represent a
clinical syndrome of pneumonia characterized by 1) a different presentation from
that of “classical” community-acquired pneumonia with its sudden onset of chills
with fever, pleuritic chest pain, and productive cough, as often noted with
pneumococcal pneumonia, 2) not having an etiologic bacterial agent identifiable
by routine Gram stain or culture, and 3) not responding to therapy with B-lactam
antibiotics (Baum, 2000a; Donowitz and Mandell, 2000).

The known etiologic agents of “atypical” respiratory tract infections are many and
still expanding with the recent recognition of human metapneumovirus (van den
Hoogen et al., 2001; Boivin et al., 2002). “Atypical” pathogens include, but are
not limited to Mycoplasma pneumoniae, Chlamydophila (Chlamydia)
pneumoniae, Chlamydophila (Chlamydia) psittaci, Chlamydia trachomatis,
Legionella species, Coxiella burnetii, Pneumocystis jiroveci (carinii),
Mycobacterium tuberculosis, influenza virus, adenovirus, parainfluenza virus, and
respiratory syncytial virus. However, it is now known that “atypical” pneumonia
due to these pathogens cannot be reliably differentiated from pneumonia due to
“classical” community-acquired pathogens on a clinical, general laboratory, or
radiographic basis. Hence, some believe that the term “atypical” is inappropriate
and misleading. However, it is important to note that these pathogens do require
enhanced methods of detection, beyond routine Gram stain or culture, for an
etiologic diagnosis, which then dictates the appropriate antimicrobial therapy.

M. pneumoniae, C. pneumoniae, and Legionella species are the most important
causes of “atypical” pneumonia, excluding early childhood where respiratory
viruses predominate. After presenting the emerging epidemiology of these
predominant atypical agents in children and adults, M. pneumoniae will be
focused upon, especially the growing association between M. pneumoniae and
wheezing and asthma.

II. Epidemiology of M. pneumoniae, C. pneumoniae, and Legionella
species in Respiratory Tract Infections.

The importance of M. pneumoniae, C. pneumoniae, and Legionella species in
the epidemiology of community-acquired pneumonia (CAP) has become more
evident with the development of advanced techniques to identify the etiology of
CAP. Mcintosh (2002) illustrated this point by comparing two pediatric
pneumonia studies, one published in 1981, in which 24% of cases had a



potential pathogen identified and combined infections in 0.3%, with another
pediatric pneumonia investigation published in 2000, in which 85% of cases had
a potential cause identified, and combined infections represented 41%. The
differences in diagnostic techniques between these two studies included the use
of serology, PCR, and immunoassays. Obviously, the relevance and
interpretation of results from these advanced assays is not always clear.

The role M. pneumoniae and C. pneumoniae in pediatric respiratory tract disease
is truly emerging with recent enlightening investigations, while Legionella species
continue to be uncommon in children (Principi and Esposito, 2001a; Mcintosh,
2002). While M. pneumoniae and C. pneumoniae have not been found to be
commonly involved in otitis, and their role in sinusitis has not been well studied,
these agents have been shown to be often involved in children with symptoms of
nasopharyngitis, even in those less than 5 years of age (Principi and Esposito,
2001a). Esposito et al. (2002b) found an incidence of 24.2% for M. pneumoniae
and 21.3% for C. pneumoniae in children presenting with pharyngitis utilizing
serology in paired serum samples and nasopharyngeal PCR. Normann et al.
(1998) examined the incidence of C. pneumoniae in children with
nasopharyngitis utilizing serology and PCR and detected evidence of C.
pneumoniae infection in 14% of children less than 2 years old, in 24% between
2-4 years old, and in 35% between 5-16 years old.

Table 1 - Prevalence of Atypical Pathogens in CAP

Prevalence of CAP (%)
Patient Status Lot tosess

Ambulatory and hospitalized
[File ot al, 1997]

Hospitalized [Piouffe ot al, 1996]
Hospitalized [Sopsna ot al, 1686]
Hospltallzed [Steinhatt stal, 1996]
Hospitalized [Lebermun ot sl, 1996}
Hospitalized (Melll ot sl, 1596}
Hospitalized Marston st al, 1957)
Hospltallzed [Prinicipt ot o), 2001)
Hos pltalized [Socen ot al;1989)

Ambulatory and hospitalized

[Jokinen et ol, 2001

Hospitalized [Um #t al, 2001)

Ambulatory [Bechud stel, 2001)




In addition, M. pneumoniae and C. pneumoniae are significant causes of
bronchitis and CAP in children and demonstrate an age-dependent increase in
incidence in this population. While M. pneumoniae and C. pneumoniae are
generally not thought to be frequent causes of CAP in children less than 5 years
old, Principi et al. (2001b) found approximately 20% and 5-10% of 2-4 year-olds
hospitalized for CAP to have infection with M. pneumoniae or C. pneumoniae,
respectively, on the basis of serological and PCR assays. Evidence of M.
pneumoniae infection in pneumonia is detected in 7-30% of children 5-9 years-
old, and 14-51% of children 10-16 years-old. C. pneumoniae infection is
detected in 9-13% of children 5-9 years-old and 14-35% of children 10-16 years-
old (Lichenstein et al., 2003). Hence, it is evident that M. pneumoniae and C.
pneumoniae are important causes of pediatric respiratory tract infections, even in
pre-school aged children.

For CAP in adults, M. pneumoniae, C. pneumoniae, and Legionella species are
the most frequently detected agents of the “atypical” organisms. Together, these
three are etiologic agents in 8% to 50% of CAP cases in adults according to
recent investigations (File et al., 1998). Again, the relative significance of these
pathogens has increased as diagnostic techniques have advanced. By
examining the results in Table 1 of 13 epidemiologic studies of CAP in mainly
adults published since 1995, the prevalence of these pathogens can be
ascertained (Gleason, 2002). In these studies, the prevalence of M. pneumoniae
ranged from 1 to 36%, C. pneumoniae from 3 to 22%, and Legionella species
from 1 t016%. If the patients from these 13 studies are considered together, the
total number of patients is 6,207 with 22.7% M. pneumoniae, 11.7% C.
pneumoniae, and 4.6% Legionella species; the additive contribution of these
three pathogens to adult CAP represents 39.0%. It must be acknowledged that
these studies represent varying populations and used varying methods to
establish the etiologies of CAP (Gleason, 2002).

The identification of multiple pathogens in CAP has greatly increased in both
pediatric and adult populations. While M. pneumoniae, C. pneumoniae, and
Legionella species have been found in a large percentage of mixed infections in
adults, in children, mixed infection with these agents is less common, although
not rare (Juven et al., 2000; Esposito et al., 2002a). Lieberman et al. (1996)
conducted a one-year prospective study of 346 consecutive adults admitted with
CAP and in 133 patients (38.4%) more than one causal agent was identified. In
this study, 64% of M. pneumoniae, 70% of C. pneumoniae, and 63% of
Legionella species infections were mixed with the combination of Streptococcus
pneumoniae with these atypicals being the most common and then combinations
among M. pneumoniae, C. pneumoniae, and Legionella species the next most
common. Miyashita et al. (2002) found that 35.5% of C. pneumoniae CAP in
adults had a mixed infection, again, with S. pneumoniae being the most common
combination and with M. pneumoniae the second most common. Review of
epidemiologic studies reveals the presence of at least one other pathogen in 33-
64% of M. pneumoniae pneumonia, 35.5-74% of C. pneumoniae pneumonia, and



54-63% of Legionella species pneumonia (Gleason, 2002; Miyashita et al.,
2002). S. pneumoniae with C. pneumoniae or M. pneumoniae appears to be the
most common agent in mixed pneumonia and has had the most attention in
clinical investigations (File et al., 1998; Esposito et al., 2002a; Gleason, 2002).
Further investigations are needed to define the significance of co-infections with
“atypical” agents, and to determine whether infection with these agents
predisposes patients to invasion by other pathogens, and whether the etiologic
agents of mixed infections have an additive or synergistic clinical impact.

Fine et al. (1996) performed a meta-analysis of 122 articles and found that
mortality of pneumonia was associated with etiology. Mortality rates for single
agents were 14.7% for Legionella species, 12.4% for S. pneumoniae, 9.8% for C.
pneumoniae, and for M. pneumoniae fatality was rare.

III. Mycoplasma pneumoniae.

A. Microbiology.

Mycoplasmas are prokaryotes of the class, Mollicutes, and represent the
smallest known free-living cells. Notably, they lack a cell wall and are bound by a
cell membrane containing sterols. Their size of 150 to 250 nm is more on the
order of viruses than bacteria. Mycoplasmas, however, are able to grow in cell-
free media and possess both RNA and DNA. The complete genome of M.
pneumoniae has been sequenced (Himmelreich et al., 1996). It comprises
816.394 kilobases and encodes an estimated 688 open reading frames (Ueberle
et al., 2002). The elimination of genes related to synthesis of amino acids, fatty
acid metabolism and cholesterol necessitates a parasitic dependence on their
host for exogenous nutrients, such as nucleic acid precursors, amino acids, fatty
acids, and sterols. M. pneumoniae is the most significant human respiratory
pathogen in this genus (Baum, 2000b).

B. Pathogenesis.

Classically, mycoplasmas act as extracellular parasites. The pathogenicity of M.
pneumoniae is dependent upon its extracellular attachment and the initiation of
host cell membrane injury (Collier and Clyde, 1971). M. pneumoniae attaches to
ciliated respiratory epithelial cells at the base of the cilia by means of a complex
terminal organelle at one end of the elongated organism. This cytadherence is
mediated by interactive adhesins and accessory proteins clustered at the tip
organelle, and it is not limited to epithelial cells or to human-derived tissues
(Baseman et al., 1996; Krause, 1998). A sialated glycoprotein(s) acts as one
type of receptor on the surface of the epithelium (Kahane et al., 1982; Roberts et
al., 1989). In addition, sulfated glycolipids on eukaryotic cell surfaces may
constitute a second type of molecule bound by the organism (Krivan et al., 1989).

M. pneumoniae causes physiologic and cytolytic injury to the host cells in part by
the production of hydrogen peroxide as was demonstrated by Somerson et al.



(1965) in their investigation of the hemolytic properties of the organism.
Hydrogen peroxide production by mycoplasmas in tracheal organ cultures results
in damage to ciliated respiratory epithelium (Cherry and Taylor-Robinson, 1970).
Inhibition of host catalase by M. pneumoniae-derived H.O, and superoxide anion
followed by oxidation of host membrane lipids and proteins may then result in
cumulative local cytotoxic effects (Almagor et al., 1983; Kahane, 1995).

C. Clinical Aspects.

M. pneumoniae was first strongly linked with clinical disease in the 1960’s. Itis
now known to cause many acute respiratory syndromes in humans, including
pharyngitis, tracheobronchitis, reactive airway disease (wheezing), and
community acquired pneumonia. The incidence of upper respiratory tract illness
is likely 10 to 20 times that of pneumonia. Infections tend to be endemic with
sporadic epidemics at 4 to 7 year intervals with no seasonal preponderance.
Outbreaks of M. pneumoniae related illness are often associated with institutional
settings such as military bases, boarding school, and summer camps.

Infection is spread from one person to another by respiratory droplets
expectorated during coughing, and infection results in clinically apparent disease
in the majority of cases. In sharp contrast to many other respiratory infections,
the incubation period for M. pneumoniae is 2 to 3 weeks; hence, the course of
infection in a specific population (family, institutional setting) may last several
weeks (Foy et al., 1966). Manifestations of disease generally have a gradual
onset and include malaise, cough, fever, sore throat, and headache. Findings on
physical examination are mild in most instances, and clinical findings are often
less severe than suggested by the patient’s chest x-ray; hence, the term ‘walking
pneumonia’ is often used to describe CAP due to M. pneumoniae. Lung biopsies
from patients with M. pneumoniae CAP reveal an inflammatory process involving
the trachea, bronchioles, and peribronchial tissue with a monocytic infiltrate
coinciding with a luminal exudate of polymorphonuclear ieukocytes.
Complications linked with M. pneumoniae infection include skin rashes (most
notably erythema multiforme), arthritis, asthma exacerbation, interstitial fibrosis,
disseminated intravascular coagulation, pericarditis, encephalitis, and Guillain-
Barre syndrome; these complications are rare given the frequency of infection.

The diagnosis of M. pneumoniae pneumonia is retrospective in most instances,
and so treatment is empiric in individuals presenting with CAP. Likely, the best
method of diagnosis is a combination of respiratory tract PCR and serology
(acute and convalescent). Clinical trials that range from observational to
placebo-controlled, double blind, and randomized have demonstrated that
antimicrobial treatment resuits in significant improvement of signs and symptoms
of pneumonia (McCracken, 1986). Treatment options include macrolides,
tetracyclines, and fluoroquinolones. The optimal antibiotic choice, dosage, and
duration are not clear (Denny et al., 1971; Baum, 2000a; Principi and Esposito,
2001a).



D. The Association of M. pneumoniae with Reactive Airway Disease and
Asthma.
Pathogens such as respiratory viruses, Chlamydia pneumoniae, and
Mycoplasma pneumoniae are strongly associated with acute asthma
exacerbations (Johnston et al., 1995; Freymuth et al., 1999), and they are
hypothesized to contribute to the development and/or severity of chronic asthma
in children and adults. This association of M. pneumoniae with reactive airway
disease or asthma holds critical relevance because of the potential for clinical
applicability. This will be discussed in terms of acute and then chronic M.
pneumoniae infection.

i. Association of acute M. pneumoniae respiratory infection with

wheezing and exacerbation of asthma.
In studies where the presence of M. pneumoniae has been carefully investigated,
it has been detected in up to 18 - 29% of asthmatics experiencing acute
exacerbations; this is summarized in Table 2 (Seggev et al., 1986; Gil et al.,
1993; Principi et al., 2001b). Conversely, wheezing is found in a large
percentage of children with acute M. pneumoniae respiratory infection. Principi
et al. (2001b) illustrated these findings in a prospective, multicenter investigation
in which 210 of 613 (34%) children hospitalized for community-acquired lower
respiratory tract infection were found to have M. pneumoniae infection by PCR of
nasopharyngeal aspirate and/or serology. Of all children who exhibited wheezing
on presentation, 29% were positive for M. pneumoniae, and 20% of the children
diagnosed with M. pneumoniae exhibited wheezing.

Table 2 - M. pneumoniae and RAD

Mp in Acute Wheezing

Number with Mp
Patient Status 7 Wheezing Significance

Hospltallzed [Segqev ot al, 1088, Annals Allergy] 20 / 95 (21 %)

Asthmatic Adults

Hospitalized (4! ot . 1953, Annala Allergy] 19 /77 (25%) 5/88 (5.7%) p < 0.01
Asthmatic Children & Adults

HOSpilﬂleEd [ Freymuth o al, 1900, J Clin Virol] 3 / 75 (2_29/0)

RAD Infants and Children

HOSP"B“Zed [Espoaltc et al, 2000, Eur Respir J] 16 / 71 (22%) 6 / 80 (7'5%)
RAD Children

HOSpl!a"ZEd [Principl ot al, 2001, CID)] 24 / 82 (29%)

RAD Children

HOSDI!B"ZBd [Lleberman at al, 2001, Dia Micr inf Dia] 34 / 240 (1 8%)

COPD Aduits

Hosplitalized [Hebscman et al, 2003, AJRCCM] 18 /100 (18%) 3 /100 (3%) p = 0.0006
Asthmatic Aduits

Hospitalized [@iseerdi et al, 2003, 1D} 24 /119 (20%) 8 /152 (5.2%) p < 0.005
Asthmatic Children




Wongtim et al. (1995) studied methacholine bronchial inhalation challenge in 12
adults without history of allergic disease or asthma, who were diagnosed with
acute M. pneumoniae pneumonia by complement fixation serology. Even though
all 12 received macrolide therapy for 14 days, two-thirds of the subjects
demonstrated bronchial reactivity to methacholine at 4 weeks after treatment,
and half demonstrated this at 12 weeks. Five of the 12 had a persistent cough
for greater than 4 weeks.

Sabato et al. (1984) investigated 108 children with acute M. pneumoniae
infection diagnosed by complement fixation titers and found that 40% exhibited
wheezing. In addition, these investigators followed a subset of 33 children
without a history of prior asthma for up to three years after the acute iliness with
the following findings: 1) In these non-asthmatic children, significant
bronchodilator responsiveness was present one month after infection compared
with controls. 2) Mean forced expiratory volume in one second (FEV,) and
forced expiratory flow after 50% of the expired vital capacity were significantly
less than the values in the controls at 3 years after infection. 3) Treatment with
erythromycin in this subset of children at the time of the acute iliness did not
significantly affect pulmonary function values at the 3-year follow-up. Todisco et
al. (1989) and Mok et al. (1979) also found pulmonary function abnormalities in
children at 1 and 2.5 years after M. pneumoniae infection, respectively. Their
findings were indicative of impairment in small airway function.

Findings suggestive of small airway involvement after M. pneumoniae
pneumonia have also been detected by high-resolution computed tomography
(HRCT) (Kim et al., 2000). Thirty-eight children hospitalized for pneumonia
(infiltrates on chest radiograph) and diagnosed with M. pneumoniae by serology
underwent HRCT at a mean of 1.5 years after their initial illness. A control group
of 17 children with only acute upper respiratory M. pneumoniae infection (normal
chest radiograph) were also studied after a similar interval. Pulmonary sequelae
suggestive of small airway obstruction were detected by HRCT in 37% of the
children with pneumonia, a significantly higher percentage than in the control
group. These significant abnormalities were detected in spite of the fact that the
children received 14 days of macrolide antibiotics at the time of the initial illness.
Significant risk factors for abnormal findings on HRCT after M. pneumoniae
pneumonia were younger age and higher peak antibody titers.

In addition to these studies demonstrating sequelae after M. pneumoniae
infection, investigations have also suggested that timely and effective
antimicrobial treatment of acute M. pneumoniae respiratory infection can be
beneficial. Thirty-five children, without asthma or chronic lung disease, with
community acquired pneumonia caused by M. pneumoniae (23 children), S.
pneumoniae (5 children), or viruses (7 children) had carbon monoxide diffusion
capacity (TLCO) measured 6 months after their initial illness. TLCO was normal
in the pneumococcal and viral pneumonia groups, whereas 11 of 23 (48%) with
M. pneumoniae infection had TLCO values <80% of the expected value. In the



M. pneumoniae group, the extent of change in TLCO directly correlated with
delay and shorter duration of effective treatment. TLCO was low in 8 of 11
patients given macrolides 10 days or more after the onset of acute symptoms
versus only 3 of 12 patients treated with macrolides in the first 10 days of illness
(p<0.05). TLCO was low in 7 of 7 patients who received macrolides for less than
2 weeks versus only 2 of 9 patients who received macrolides for greater than 2
weeks (p<0.01) (Marc et al., 2000).

Esposito et al. (2000) made several important observations regarding M.
pneumoniae and wheezing. They studied 71 children with an episode of acute
febrile upper respiratory tract infection with wheezing and 80 age-matched
healthy children enrolled during the same time period with no history of
respiratory tract infection in the 3 months prior to enroliment. Acute M.
pneumoniae infection was diagnosed in 16 (22.5%) of the wheezing children by
serology; which was significantly greater than in the controls (7.5%, p=0.01).
Children with M. pneumoniae were also more likely to have a history of recurrent
wheezing compared with other children with wheezing; 15 of the 16 wheezing
children with M. pneumoniae (93.7%) had a history of recurrent wheezing versus
only 16 of the 55 remaining wheezing children (29.1%) without M. pneumoniae
(p<0.0001). No significant difference in the prevalence of atopy was found
between the wheezing subjects with and without M. pneumoniae. None of the 11
children with M. pneumoniae and/or C. pneumoniae who were treated with
clarithromycin demonstrated recurrent wheezing during the follow-up period of 3
months compared with 9 of 13 (69.2%) children with these infections who were
not treated (p=0.0005). In addition, during the 3 month follow-up of children who
did not receive antibiotics, significantly more recurrent wheezing was observed
among children diagnosed with acute M. pneumoniae and/or C. pneumoniae
compared with those without these acute infections (p=0.03). This demonstrates
that appropriate treatment of atypical infections may improve the course of
reactive airway disease beyond the acute episode of illness.

Immunologic investigations of M. pneumoniae respiratory infection in the context
of asthma hold interesting and potentially clinically applicable findings. Esposito
et al. (2002c) investigated serum cytokine concentrations in children with acute
M. pneumoniae infection and clinical wheeze with fever. They studied serum
IFN-y, IL-2, IL-4, and IL-5 concentrations by ELISA in 4 separate groups of
children: a) 15 children with an acute episode of wheeze and acute M.
pneumoniae infection by serology, b) 10 children with acute wheezing without
acute M. pneumoniae infection, c) 8 control children with asymptomatic acute M.
pneumoniae, and d) 8 healthy controls without evidence of acute M.
pneumoniae. In the groups of children with febrile wheezing, the children with M.
pneumoniae had significantly elevated IL-5 concentrations compared with those
without this infection. In addition, the children with wheeze and M. pneumoniae
had higher IL-5 concentrations than those with asymptomatic acute M.
pneumoniae without wheeze. No significant differences were found between the
groups in terms of IFN-y, IL-2, IL-4, or atopy. In addition to identifying IL-5, a TH2



cytokine, as a potentially important cytokine in M. pneumoniae
immunopathogenesis, these results may indicate that M. pneumoniae as well as
individual host response characteristics play an important role in the
manifestations of disease, as noted in animal models (Fonseca Aten et al.,
2003).

The evidence discussed above suggests a clinical association between acute M.
pneumoniae infection and 1) wheezing, and 2) deleterious pulmonary sequelae.

ii. Association of chronic M. pneumoniae respiratory infection with
asthma.

While the reports noted above describe a notable association between acute M.

pneumoniae infection and ensuing pulmonary sequelae, of potentially greater

relevance is the hypothesized role of long-term or chronic M. pneumoniae

respiratory infection in asthma.

Mycoplasma pneumoniae Pneumonia Time Course

Incubation Acute Disease
2-3 weeks 34 weeks 9

Symptoms

Culture

Figure 1 — While it is known that M. pneumoniae persists in the airway
after clinical resolution of symptoms, the clinical significance is unclear.
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In humans, M. pneumoniae is reported to be commonly detectable by culture of
the respiratory tract for up to several months after clinical and radiological
resolution of acute pneumonia, as illustrated in Figure 1 (Denny et al., 1971).
The duration of M. pneumoniae infection in the human lower respiratory tract
after acute pneumonia as determined by a method more sensitive than culture,
such as PCR, has not been investigated in a controlled fashion. Even after
therapy with effective antibiotics, such as erythromycin or tetracycline, M.
pneumoniae can still be cultured from respiratory tract secretions, as illustrated in
Figure 2 (Foy et al., 1966; Smith et al., 1967). The persistence of M.
pneumoniae in the nasopharynx of children after clarithromycin therapy (given for
an acute exacerbation of wheezing accompanying M. pneumoniae infection) has
been associated with persistent wheezing (Esposito et al., 2003).

M. pneumoniae Pneumaonia with Therapy

Incubation Acute Disease
2-3 weeks 3-4 weeks
Symptoms ,

Culture B = [2)

Figure 2 — Clinical improvement is noted with appropriate therapy;
however, M. pneumoniae often persists in the airway.

In animal models of M. pneumoniae pneumonia, treatment with antimycoplasmal
agents, such as ketolides, quinolones, clarithromycin, and azithromycin, also has
not eradicated this organism from the respiratory tract (Arai et al., 1993;
Takahata et al., 2001; Rios et al., 2002; Hardy et al., 2003; Rios et al., 2003).
These observations indicate that M. pneumoniae is a long-term respiratory
pathogen that may be difficult to eradicate from the respiratory tract in some
patients. Of note, it has been demonstrated that M. pneumoniae is able to reside
and replicate intracellularly in human cells (Dallo and Baseman, 2000). The
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possibility that M. pneumoniae might be able to move transiently into an
intracellular reservoir, perhaps protected from the actions of antibiotics, might
explain the apparent ability of the organism to persist over long periods in some
individuals.

Mouse and rat models of chronic respiratory infection with M. pulmonis and M.
pneumoniae have been established, and it has been shown that these
chronically infected animals develop lung fibrosis accompanied by alterations in
lung compliance, functional airway obstruction and airway hyperreactivity, and
histologic airway inflammation (Lindsey and Cassell, 1973; Mcintosh et al., 1992;
Cartner et al., 1995; Liu et al., 1998; Hardy et al., 2001; Hardy et al., 2002).
Hardy et al. (2002) followed BALB/c mice infected intranasally with M.
pneumoniae up to 18 months after inoculation and documented evidence of
chronic pulmonary disease characterized by airway obstruction, airway
hyperreactivity, and histologic pulmonary inflammation (Figure 3).

Histopathologic Score and BAL Culture
Acute and Chronic Mp Murine Model

=" =
N

-Airway
Chronic Mp Obstruction

Associated -:iw?ryeactivit
Disease bl y

HPS & Log,, Cx (CFU/ml)

- Airway Obstruction

| - Airway Hyperreactivity

0051 2 4 7 14 21 28 35 42 56 84 ->18 month
Days Post Inoculation with M. pneumoniae

Hardy et al. 2001 & 2002
Figure 3 — Acute and Chronic Murine Model of Mycoplasma pneumoniae
(HPS - Histopathologic Score, BAL — Bronchoalveolar Lavage). The
greater the HPS the greater the histologic pulmonary inflammation.

0
8
6
4
p
0
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This established a murine model of M. pneumoniae infection-associated chronic
reactive airway disease with similarities to asthma. M. pneumoniae could still be
detected in the airways of mice 18 months after the single inoculation.
Interestingly, M. pneumoniae serum IgG titers at 530 days after inoculation had a
significant inverse correlation with lung histopathology score (r = - 0.95, p =
0.01). This finding may indicate a protective role of high antibody titers against
mechanisms responsible for the observed pulmonary histologic inflammation.
Antibody can influence the progression of mycoplasma disease since passive
transfer of antibody had been shown to prevent disease in experimentally
infected mice (Cassell et al., 1974; Taylor and Taylor-Robinson, 1976; Cartner et
al., 1995). Therapy with dexamethasone reversed the chronic inflammatory
airway disease induced by M. pulmonis infection and counter-intuitively reduced
the colony forming units of M. pulmonis in the respiratory tract of rats (Bowden et
al.,, 1994). This indicates that steroids could ameliorate chronic mycoplasma
respiratory infection similar to the manner in which steroids improve the course of
chronic asthma in humans.

Using PCR, M. pneumoniae has been detected in the airways of chronic, stable
asthmatics with significantly greater frequency than in nonasthmatic control
subjects (Kraft et al., 1998; Martin et al., 2001). Although respiratory tract M.
pneumoniae PCR was positive in these asthmatics, M. pneumoniae was not
detected by culture, and serum antibodies to M. pneumoniae were not detected.
The significance of a positive respiratory tract M. pneumoniae PCR was
demonstrated by a randomized, double blind, placebo-controlled trial of
prolonged (6 week) clarithromycin therapy in 55 adult subjects with chronic,
stable asthma (Kraft et al., 2002). M. pneumoniae was detected by PCR in the
airways of 23 of the 55 asthmatics, and C. pneumoniae was detected in 7 of the
55 subjects. Prolonged clarithromycin therapy resulted in a significant
improvement in pulmonary function (FEV;) only in the PCR-positive asthmatics
(p=0.05), while it did not in the PCR-negative asthmatics (p=0.85). Important
observations were also made regarding the cytokine IL-5 as a potentially
important cytokine in M. pneumoniae immunopathogenesis in an asthmatic
population. The PCR-positive subjects who received clarithromycin
demonstrated a reduction in IL-5 messenger RNA measured via in situ
hybridization of bronchoalveolar lavage fluid, an effect that was not observed in
PCR-negative asthmatics. Of note, 5 of the PCR-positive subjects at baseline
were still PCR-positive after the 6 weeks of clarithromycin; it seems even this
prolonged therapy did not eradicate infection. In addition, in an observational
study prior to the clarithromycin intervention, this group also demonstrated a
significantly greater number of mast cells in the endobronchial tissue in the PCR-
positive asthmatics compared with the PCR-negative asthmatics; tissue T-
lymphocytes trended (p = 0.09) to be higher in the PCR-positive group compared
with the PCR-negative group, while tissue eosinophils and serum total IgE levels
were not different between the two groups of asthmatics (Martin et al., 2001).
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The above observations indicate that Mp can establish long-term respiratory tract
infection that is not easily eradicated by current antimicrobials. Of greater
importance, chronic pulmonary mycoplasmosis can result in consequential
sequela that has similarities to clinical asthma and may be a co-factor in asthma
severity.

VILI. Postlude.

The idea that a chronic bacterial infection can result in enduring disease or have
pathological consequences is not novel or improbable, especially when
considered in the context of Treponema pallidum, Borrelia burgdorferi,
Tropheryma whippelii, and Helicobacter pylori infections in humans. An
association between M. pneumoniae and asthma is plausible. Perhaps M.
pneumoniae is causal in a subset of asthmatics, or perhaps it is a chronic
activator for the expression of asthma in a susceptible host. Likely, asthma is a
complex, heterogeneous, multifactorial disorder.
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