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Purpose: Mycoplasma pneumoniae pneumonia (MP) is associated with the exacerbation, timing, and onset of asthma. The goal of this study was to
elucidate the impact of MP on eosinophil-related hyper-reactive amplification in atopic children. Methods: We studied 48 patients with MP (26 atop-
ic, 22 non-atopic), between 3 and 12 years of age. Serial changes in blood eosinaphil counts, serum interleukin-5 (IL-5), and serum eosinophil cationic
protein (ECP) levels were measured in atopic and non-atopic children with MP upon admission, recovery, and at 2 months post-recovery. Serum IL-5
and ECP levels were measured by enzyme-linked immunosorbent assays; eosinophil counts were measured using an autoanalyzer. Results: Serial
changes in serum IL-5, ECP. and total eosinophil counts were significantly higher in atopic patients, relative to non-atopic controls (P<0.001). Serum
IL-5 and ECP levels were significantly higher in atopic patients at all three time points tested, while eosinophil counts were higher in the clinical recov-
ery and follow-up phases, but not in the acute phase. Furthermore, among atopic patients, serum ECP levels were significantly higher in the recovery
and follow-up phases than in the acute phase. Conclusions: The present study demonstrated significant differences in eosinophil counts, serum IL-5,
and serum ECP levels between atopic and non-atopic children with MP at admission, recavery, and 2 months after clinical recovery. These outcomes
are suggestive of eosinophil-related hyperreactivity in atopic children, with this status maintained for at least 2 months after MP.
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INTRODUCTION

Mycoplasma pneumoniae has long been recognized as a
cause of primary atypical pneumonia, particularly among chil-
dren. This microorganism accounts for 7 to 40% of all commu-
nity-acquired pneumonias in children 3 to 15 years of age, with
alower incidence in children under the age of 3 years. Other re-
spiratory illnesses, including tracheobronchitis, bronchopneu-
monia, pharyngitis, sinusitis, croup, and bronchiolitis have also
been associated with M. pneumoniae. In contrast to the acute,
short-lived epidemics of some respiratory viral agents, M. pneu-
moniae is endemic to large communities, with outbreaks oc-
curring every 4 to 7 years."* According to the Korea Centers for
Disease Control and Prevention, the most recent outbreak of
Mycoplasma pneumoniae pneumonia (MP) in Korea lasted
from late summer 2010 to the fall of 2011, with peak positivity
rates in community-acquired pneumonia ranging from 23.6%
in October 2010 to 62.5% in September 2011.*

In addition to its role as a cause of community-acquired pneu-
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monia, M. pneumoniae is also known to trigger acute asthmatic
exacerbations.”” M. pneumoniae has been linked to the devel-
opment of chronic infections, and may contribute to the persis-
tence and severity of asthmatic symptoms.® Furthermore, these
persistent infections can result in decreased expiratory flow
rates and increased airway hyperresponsiveness in individuals
without asthma, consistent with a role for M. pneumoniae as an
asthmatic trigger.” Similar effects were observed in a murine
study of MP, in which pulmonary structural abnormalities sug-
gestive of airway hyperreactivity, airway obstruction, and histo-
logical inflammation were more frequent 1 to 2 years after re-
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spiratory M. pneumoniae infection." This suggests that media-
tors associated with airway hyperreactivity could provide infor-
mation regarding the cause of these structural abnormalities af-
ter M. pneumoniae respiratory infection. Although clinical
manifestations of pneumonia disappear within a few months
following recovery from an M. pneumoniae infection, media-
tors of airway hyperreactivity may continue to be released into
the circulation long after the infection has been cleared.

Allergic reactions are characterized by an infiltration of T
helper type 2 (Th2) cells into affected tissues. Upon exposure to
an allergen, these cells expand rapidly, and begin secreting
large amounts of IL-4, IL-5, and IL-13, resulting in IgE synthesis
and eosinophilia. IL-5 is a potent mediator of eosinophil activa-
tion, and along with eosinophil cationic protein (ECP), plays a
key role in airway hyperresponsiveness."

Children with acute M. pneumoniae infection and wheezing
exhibited higher serum IL-5 concentrations than those with as-
ymptomatic acute infection without wheezing, suggesting the
association of IL-5 with airway hyperresponsiveness.' Similar
increases in serum IL-5 levels have also been seen in children
with atopic MP."”® Furthermore, eosinophilia has been reported
in up to 44% of children with M. pneumoniae infections, sug-
gesting that potent Th2-like immune responses are common in
MP. Taken together, these and other studies suggest a mecha-
nism by which activated eosinophils in the airway undergo de-
granulation leading to injury of the bronchial epithelium, and
induction of bronchial hyperreactivity.'*'>

In addition to IL-5, ECP is also a key mediator of eosinophil ac-
tivation. Yamashita and colleagues reported that the serum con-
centrations of ECP in children with M. pneumoniae infections
were higher than those of healthy controls. These elevated ECP
levels may be associated with damage to the respiratory epithe-
lium and accelerated hypersensitivity in the respiratory system,
resulting in a chronic, persistent cough that can last several
months.'*""

The aim of this study was to investigate serial changes in blood
eosinophil counts, serum IL-5, and serum ECP levels in atopic
and non-atopic children with MP at admission, recovery, and 2
months after recovery. These findings should help to elucidate
the role of MP in eosinophil-related hyperreactive amplifica-
tion in atopic children.

MATERIALS AND METHODS

Subjects

Forty-eight patients between 3 and 12 years of age were in-
cluded in this study. Patients were admitted to the Department
of Pediatrics at Hanyang University Guri Hospital, Gyeonggi-
do, Korea with a diagnosis of MP between October 2011 and
June 2012. All children received a physical examination, and
were evaluated regarding their personal and family history of
allergic diseases. Routine laboratory tests were performed, in-
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cluding measurement of total serum IgE. Patients were then di-
vided into 2 groups: those exhibiting elevated serum IgE levels
in combination with a personal or family history of allergic dis-
eases (group 1, n=26), and those who had normal serum IgE
levels and no personal or family history of allergic diseases
(group 2, n=22). All study protocols and patient consent forms
were approved by the Institutional Review Board of Hanyang
University Guri Hospital, and informed written consent was
obtained from all parents and/or participants.

Diagnosis of M. pneumoniae pneumonia

MP was diagnosed based on clinical findings (such as fever,
cough, dyspnea, and crackles), radiological findings (such as
chest infiltrates and consolidative lesions), and changes in anti-
mycoplasma antibody titers. Anti-mycoplasma antibody titers
were measured on admission, at clinical recovery, and on fol-
low-up visits 2 months later by the microparticle agglutination
method using a commercial kit (Serodia-Myco II, Fujirebio, To-
kyo, Japan). Each phase was defined as follows; patients at ad-
mission phase had acute typical symptoms and signs of pneu-
monia and laboratory findings, patients at recovery phase had
clinically improving symptoms, and patients on follow-up visits
2 months later had no obvious symptoms of pneumonia after
recovery. Positive titers were defined as =1:160 at admission or
a titer =fourfold the admission titer during the symptomatic
recovery phase. The time between admission and symptomatic
recovery ranged from 7 to 10 days. Clinical recovery was de-
fined as absence of asthmatic symptoms and normal physical
examination. We performed viral-specific polymerase chain re-
action (PCR) analysis of nasopharyngeal secretions, and exclud-
ed patients with positive results. Nasopharyngeal specimens
were independently screened for the presence of common re-
spiratory viruses, including influenza viruses, parainfluenza vi-
ruses, human coronaviruses, human rhinoviruses, human meta-
pneumoviruses, human adenoviruses and respiratory syncytial
viruses, by reverse transcription-PCR using a commercial kit
(Seeplex RV 12 ACE Detection, Seegene, Seoul, Korea).

Measurement of serum IgE

Serum IgE levels at admission were measured using an IRMA
kit (Diagnostic Products Co., Los Angeles, CA, USA). A value of
100 IU/mL was used as the threshold for discriminating be-
tween allergic and non-allergic children." Patients with serum
IgE levels =100 IU/mL were considered at risk for asthma."

Measurement of serum IL-5, ECP, and blood eosinophils
Venous blood was taken from each subject, centrifuged at
1,000 X g for 10 minutes at 4°C, and stored at -70°C. Serum IL-5
levels were measured using a commercial enzyme-linked im-
munosorbent assay (ELISA) (DBD Inc., San Diego, CA, USA),
according to the manufacturer’s instructions. The detection
limit was 2 pg/mL. Peripheral blood eosinophil counts were
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measured with an automated hematology analyzer (Coulter
Counter STKS, Beckman Coulter, Fullerton, CA, USA) using
blood samples collected in tubes containing EDTA. Serum ECP
was measured using a commercial fluoroimmunoassay kit
(PharmaciaECP UniCAP System FEIA; Pharmacia Diagnostics,
Uppsala, Sweden), with a detection limit of 2 pg/L; a level of =
16 pg/L was considered abnormal.® IL-5, ECP, and peripheral
blood eosinophils were assayed at admission, recovery, and at the
follow-up visit 2 months later.

Statistical analyses

Data were analyzed using the SPSS statistical package (SPSS
Inc., version 18.0, Chicago, IL, USA). Differences in the sex ratio
between 2 groups were analyzed using the ) test. Continuous
variables were summarized as means=*standard deviation
(SD); values for serum total IgE were expressed as geometric
means (range of 1 SD). Normally distributed parameters such
as age were compared by Student’s ¢-tests; the Mann-Whitney
U test was used for serum total IgE, which was not normally
distributed. Repeated-measure analysis of variance was used to
evaluate differences in the serial changes of serum IL-5, serum
ECP, total eosinophil counts, and anti-mycoplasma antibody ti-
ters between the two groups. In each phase, differences be-
tween the 2 groups in serum IL-5, serum ECP and total eosino-
phil counts were analyzed by Student’s -test. Comparisons be-
tween the three phases within each group were conducted by
one-way analysis of variance and the Kruskal-Wallis test, com-
bined with the appropriate post hoc Tukey multiple compari-
son test and Mann-Whitney U-test, respectively. Pvalues <0.05
were considered to indicate significance.

RESULTS

The characteristics of the subjects are shown in Table 1. No
significant differences were observed in the age or sex of the 2
groups. A significantly higher geometric mean serum total IgE
level was found in group 1 (atopic patients). Within each group,
significant differences in anti-mycoplasma antibody titers were
observed among the 3 phases; however, these changes were

Table 1. Clinical characteristics and laboratory findings in atopic (group 1) and
non-atopic (group 2) patients

Group 1(n=26) Group 2(n=22)

Age (years)* 6.9+27 54+27
Males 18(69.2%) 11 (50.0%)
Total serum IgE (IU/mL)! 609.3(222.3-1,3409) 33.9(19.8-64.4)

1,4031+2331.2}
6,720+6,928.6°

2,003.3+2,045.6

1,9455+4,424.7
6,785.5+7,501.5°

1,818.28+2,435.8

M. pneumoniae  Acute phase
antibody titer®  Recovery phase

Post-recovery

*Mean + SD; "Geometric mean (range of 1 SD); *P<0.05 vs recovery phase or
2 months post-recovery; *P<0.05 vs 2 months post-recovery.
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not statistically significantly between groups.

Total eosinophil counts, serum IL-5, and serum ECP levels at
each of the 3 time points tested are shown in Table 2. Serial
changes in serum IL-5 levels were significantly higher in group
1 relative to group 2 (P<0.001; Fig. 1), with group 1 exhibiting
higher IL-5 levels at each of the three time points tested (P<
0.05). However, no significant differences between time points
were observed within each group.

The serial change in eosinophil counts was higher in group 1
than in group 2 (P=0.001; Fig. 2). Furthermore, eosinophil
counts were higher in group 1 than in group 2 in both the re-
covery and follow-up stages, but not during acute infection
(P<0.05). No significant differences between time points were
observed for either group.

As with IL-5 and eosinophil counts, the serial change in se-
rum ECP levels was significantly higher in group 1 than in
group 2 (P<0.001; Fig. 3), and for each time point, group 1 ex-
hibited a higher ECP level than group 2 (P<0.05). A significant

Table 2. Serum levels of IL-5, eosinophil counts, and ECP in the three phases of
pneumonia®

Eosinophil ECP
Group Phase IL-5(pg/mL)  counts (gl
(cells/mm?®) Ha.
Group 1 Acute 11571475 421943132 593+358
Recovery 14621636 5762+3665 86.8+377
Post-recovery 148.6+51.8 6155+£263.9 98.8+40.7
Group 2 Acute 804+346 260.7+2269 36.1+£283
Recovery 90.7£36.7 2539+£176.7 40.7%584
Post-recovery  89.2+38.1 3925+£2280 39.2+373
*Data are shown as means £ SD.
IL, interleukin; ECP, eosinaphil cationic protein.
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Fig. 1. Serial changes in serum IL-5 levels, and comparison of serum IL-5 levels
during each phase of disease. Serial changes in serum IL-5 levels were signifi-
cantly higher in group 1 than in group 2 (P<0.001). Group 1 IL-5 levels were
consistently higher than those of group 2 at each of the three time points test-
ed (P<0.05). *P<0.05. IL, interleukin.
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Fig. 2. Serial changes in peripheral blood eosinophil counts, and comparison of
eosinophil counts during each phase of disease. The serial change in eosinophil
counts was higher in group 1 than in group 2 (P=0.001). *P<0.05.

difference in ECP levels across time points was also evident in
group 1, with ECP levels higher in both the recovery and follow-
up stages, relative to during acute infection (P<0.05).

DISCUSSION

The data presented here demonstrated clear, phase-specific
changes in serum IL-5, ECP, and total eosinophil counts in chil-
dren with MP. Levels of all three markers were significantly
higher in atopic patients (group 1) 2 months after recovery of
pneumonia than in the non-atopic control group (group 2).
With the exception of eosinophil counts in the acute phase of
disease, each of these markers was significantly higher in group
1 than in group 2, across all time points tested. Within group 1,
only serum ECP levels differed among time points, with both
the recovery and 2 follow-up levels significantly higher than
that during the acute phase of disease. Taken together, the data
show pronounced increases in serum IL-5, serum ECP, and to-
tal eosinophil counts in atopic children relative to non-atopic
controls.

Infections with M. pneumoniae have been shown to precede
the onset of asthma, exacerbate asthmatic symptoms, and
cause difficulties with asthma management.”’ These symptoms
are thought to be the result of M. pneumoniae infections, which
cause chronic lower airway inflammation by impairing muco-
ciliary clearance and increasing mucus production in the
lung.?® Furthermore, M. pneumoniae exacerbates asthma by
upregulating MUC5AC expression.” These observations are
consistent with murine studies that demonstrated airway hy-
per-responsiveness resembling chronic asthma.

The organism can be cultured from rodent lung for over 1 year
after the initial infection, permitting long-term studies of the ef-
fects of M. pneumoniae infection on lung anatomy, physiology,
and allergic sensitization."” Interestingly, Th2-dominant airway
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Fig. 3. Serial changes in serum ECP levels, and comparison of serum ECP levels
during each phase of disease. The serial change in serum ECP level in group 1
was higher than in group 2 (P<0.001). Within group 1, ECP levels were higher
at both recovery and 2 months post-recover than during the acute phase of in-
fection (P<0.05). *P<0.05. ECP. eosinophil cationic protein.

inflammation seems to potentiate the survival of M. pneu-
moniae in the lung.'”* Human subjects with allergic sensitiza-
tion of the lung may therefore be at increased risk of developing
chronic airway colonization by M. pneumoniae, resulting in en-
hanced airway hyperreactivity.!

Recent studies have identified specific factors associated with
the clinical symptoms of asthma. M. pneumoniae has been
shown to trigger wheezing by means of increased IL-5 secretion
in subjects predisposed to asthma, whether as a result of their
genetic background, or through previous events that have
primed their immune system and lungs." Similar results were
reported by Choi ef al.”® who identified elevated levels of serum
IL-5, VEGE and ECP, along with increase blood eosinophil
counts in children with wheezing during acute MP. These find-
ings are consistent with the results described here, which
showed higher levels of serum IL-5, ECP, and eosinophil counts,
in atopic children with acute MP.

IL-5 plays a key role in eosinophil differentiation, maturation,
recruitment, and activation at sites of inflammation during the
development of allergic airway inflammation in asthmatic pa-
tients.”**® Eosinophils act as a primary mediator of inflamma-
tion in asthma pathogenesis, with even mild asthmatics ex-
hibiting significant increases in the numbers of activated eosin-
ophils found in biopsies of the airway mucosa and in bron-
choalveolar lavage.**' Previously, we reported that serum IL-5
levels were significantly higher in atopic children with MP dur-
ing the recovery phase, relative to samples collected at the time
of admission; similar results were not seen in non-atopic chil-
dren with MP.

ECP is currently the most widely used clinical marker of eosin-
ophil activity in asthma.”” It has been shown to have cytotoxic ef-
fects on respiratory epithelial cells,” stimulates mucous produc-

http://e-aairorg 431



Kim etal.

tion in airways, and histamine release by basophils and mast
cells in vitro.** Serum ECP levels are directly correlated with the
number of eosinophils in BAL and lung biopsies, making ECP
an excellent marker for gauging the degree of eosinophilic in-
flammation.”" Furthermore, clinical studies have suggested that
eosinophil granule proteins, of which ECP is the best character-
ized, are useful for assessing and managing asthma.®

In this study, we focused on the gradual increase in serum IL-
5, ECP, and eosinophil counts in process of phases in atopic
and non-atopic patients. Serial increases in all three parame-
ters persisted for at least 2 months after resolution of pneumo-
nia. These data suggest a long-term effect of M. pneumoniae in-
fection on allergic inflammation, with significant implications
for the treatment of atopic asthma.

We also focused on the role of eosinophil activation in allergic
inflammation due to M. pneumoniae infection. Although anti-
mycoplasma antibody titers had decreased by 2 months post-
recovery, serum IL-5, ECP, and eosinophil counts in atopic chil-
dren with MP gradually increased between the acute, recovery,
and follow-up phases of the disease at levels significantly high-
er than that of non-atopic controls. Furthermore, serum ECP
levels in atopic children were significantly higher in the recov-
ery and follow-up phases, as compared with the acute phase of
disease. This effect was unique to ECP, with other parameters
showing no statistically significant differences among time
points. These data imply that activated eosinophils, represent-
ed by ECP, may contribute to the allergic inflammatory seen in
atopic children with MP.

Few limitations of this study should be noted. First, our find-
ings were confined to a 2-month follow-up period, which may
not be sufficient to gauge the period of abnormal immune re-
sponses after M. pneumoniae infection. Second, the definition
of atopy used in this study was not based on allergen-specific
IgE, but was instead a measurement of predisposition to atopy.

In this study, we investigated changes in three immunologic
mediators, focusing primarily on the eosinophil-related immu-
nologic reaction in MP. Howevey, it has been suggested that eo-
sinophils within the airway may be regulated by IL-5-indepen-
dent mechanisms,*® such as IL-3 and granulocyte monocyte
colony stimulating factor can sustain tissue eosinophilia in the
absence of IL-5.”® In addition, treatment of asthmatic patients
with an anti-IL-5 mAb reduced circulating and sputum eosino-
phils, but did not inhibit airway responses to inhaled allergen,*
suggesting that IL-5 may be dispensable in airway inflamma-
tion.

The most significant aspect of this study was its evaluation of
the long-term impact of MP on allergic inflammation, as pa-
tients were followed for a considerable period of time beyond
resolution of pneumonia-like symptoms. Persistently increas-
ing levels of serum IL-5, ECP, and eosinophil counts are indica-
tive of an increase in allergic inflammation driven primarily by
activated eosinophils, and may contribute to clinical manifesta-
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tion, such as wheezing, excessive mucus production, and aller-
gic stimulation. Further evaluation is needed to determine
whether our results correlate with clinical manifestations or
lung function over a longer period of time.
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