114 [ N[ Zolzted : Al 124 A 2% 20054
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= Abstract =

Purpose : A wide, epidemic outbreak of M. pneumoniae pneumonia occurred throughout
Korea in late 2003. Compared with previous years, the 2003 outbreak resulted in more se-
vere cases and in an increased incidence of extrapulmonary symptoms and/or complications.
We compared the clinical characteristics for M. pneumoniae pneumonia of 2003 to those of
the past years.

Methods : One hundred six children diagnosed with M. pneumoniae pneumonia by sero-
logic tests at Bundang Cha General Hospital between Aug 2003 to April 2004 were enrolled.
Medical records were reviewed retrospectively, for clinical, laboratory and radiological aspect
as well as complications. The pleural effusions of 3 patients who underwent thoracentesis
were also analyzed.

Results : The duration of fever, cough, rhinorrthea, and sore throat was 8.2+4.7, 22.1+
4.8, 8.41%2.1, 43112 days, respectively. The incidence (percentage) and duration of abdom-
inal pain, vomiting, diarrhea, headache, skin rash, arthralgia was 5.1£2.5 (21.9%), 3.4*£2.1
(17.1%), 43+1.8 (16.2%), 3.5*2.1 (14.4%), 55+0.7 (59%) and 4.6+ 1.3 days (4.9%), re-
spectively. The mean duration of admission and treatment were 7.4+4.3 days and 21.6+11.1
days. Higher values of CRP and ESR on admission were positively correlated with the dura-
tion of fever and length of admission. The findings of pleural effusion were similar to those
seen in TB pleurisy. Complications, including myocarditis (2 cases), arthritis (3 cases), vascu-
litis (5 cases), asthma (3 cases), ARDS (1 case), and DIC (2 cases) were observed in 14.1%
of patients.

Conclusion : We found a number of characteristics of M. pneumoniae pneumonia among
cases from late 2003 that were different from those of previous years. This outbreak resulted
in more severe cases and in an increased incidence of extrapulmonary symptoms and/or com-
plications. A multicenter study is needed to verify the changes in clinical characteristics

observed during the 2003 outbreak from previous ones.
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Introduction

Mycoplasma pneumoniae is a respiratory pathogen
that primarily causes bronchitis and pneumonia as
well as pharyngitis, croup, and bronchiolitis.

Among school-aged children, M. pneumoniae is
the most common causative organism of community-
acquired pneumonia, and M. pneumoniae pneumonia
is prevalent among even younger children who begin

daycare at an earlier agel‘ 7,

While the sporadic
spread of M. pneumoniae pneumonia occurs each
year, epidemic outbreaks occur every 4~7 years. In
Korea, epidemics of M. neumoniae are known to
occur every 3~5 years and data on the characteris-
tics of these epidemics have been widely published.
According to reportsa 7 from metropolitan areas pri-
or to 1999, the occurrences of M. pneumoniae pneu-
monia occurred at 3-year intervals with durations of
1 year. The majority of studies showed that M.
pneumoniae infections have a benign, uncomplicated
clinical course and few complications. During late
2003 and early 2004, a nation-wide outbreak of M.
pneumoniae infection occurred. Compared with the
previous outbreaks, this one resulted in more severe
cases and in an increased incidence of extrapulmo-
nary symptoms and/or complications. Therefore, a
retrospective study was undertaken to determine the
clinical features of patients presenting to our hospital

during the outbreak.

Materials and Methods

1. Subjects

A retrospective analysis of the medical records of
106 patients (Group 2) diagnosed with M. pneumo-
niae pneumonia and admitted to Bundang Cha Gen-
eral Hospital between Aug 2003 and April 2004
was done. Clinical characteristics were compared
with 42 patients (Group 1) diagnosed with M. pneu-

moniae pneumonia from Jan 2002 to Dec 2002.

2. Diagnostic criteria

The diagnoses were confirmed by serological tests
of mycoplasma antibody titers, which were measured
using a Serodia-Myco II gelatin particle agglutinin
test kit (Fujirebio Co., Japan), as an indirect hemag-
glutination test. The stated diagnostic criteria re-
quired that all of the following were present: (D
respiratory symptoms, and (2) either a single myco-
plasma antibody titer rise to 1:320 or greater at the
time of admission, or paired samples showing at

least a 4-fold rise over a 1~2 week period.

3. Clinical, radiological and laboratory

measurements

Medical records were reviewed retrospectively
for: D the duration of fever, respiratory symptoms,
admission, and treatment, (2) the incidence of extra-
pulmonary symptoms, and (3) the occurrence of com-
plications.

Laboratory data such as CRP, ESR, leukocyte
count, and mycoplasma antibody titers from blood
samples taken both at the time of admission and
follow up were evaluated. Radiological variables in-
cluded the site of pulmonary infiltration shown on
chest X-rays and the incidence of pleural effusion.

The pleural effusions of 3 patients who underwent
thoracentesis were analyzed. In addition, our analysis
included data from chest CT scans performed on 4
patients who had continuous rales on auscultation,

over a 3 month period.
4 . Statistical analysis

Data were expressed as mean*tstandard deviation.
Statistical analysis was performed using SPSS soft-
ware ver. 10.0 and Student’s t-test. A P-value <0.05

was considered significant.
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Results
1. Clinical manifestations

During this period, 78% of patients were children
aged between 1 and 5 years, with the peak inci-
dence at 4 to 5 years old. The mean age of en-
rolled patients was 50+ 10 months, and the male to
female ratio was 1.3:1. The outbreak was concen-
trated in the late fall and winter. These findings did
not differ from those of previous studies. The pa-
tients were febrile in 83.5% of cases at the time of
admission, and the mean duration of fever was 8.2
+2.7 days. Respiratory symptoms involved cough
(96.2%), rhinorrhea (48.6%), sore throat (39.4%),
and respiratory difficulty (12.3%) with durations of
22.1£4.8 days, 8.4+2.1 days, 431+1.8 days, 3.8%
3.4 days, respectively (Table 2). The incidence of
respiratory difficulty seemed to be higher and the
duration of cough appeared to be longer than the
previous year. Though macrolide was continuously
prescribed in patients with a protracted cough of
over 2 week’s duration until the cough subsided, the
extension of treatment duration did not seem to

shorten the duration of cough. In 73.5% of patients,

extrapulmonary symptoms were observed, including
abdominal pain (21.9%), vomiting (17.1%), diarrhea
(16.2%) and the mean duration was 5.1+2.5 days,
34+2.1 days, 431£1.8 days, respectively (Table 2).
The appearance of skin eruption was variable and
involved macules, maculopapular rash, urticaria, and
petechiae. The mean duration of hospitalization was
74143 days, and the mean duration of treatment
was 21.61+11.1 days. All patients were treated with
either roxithromycin (n=92) or clarithromycin (n=14).
17% of patients were initially treated with beta-lac-
tam penicillin andfor third cephalosporin, and the
prescription of macrolide was added after the diag-
nosis of M. pneumoniae pneumonia. Those without
initial treatment of beta-lactam were started with
On auscultation, crackles (87.8%) and
wheezing  (21.5%) audible,
breath sounds were observed in 20.3% of the pa-

macrolide.
were and decreased
tients. We compared these data with those from the
preceding year. The clinical and laboratory features
are broadly similar. However, we found both the se-
verity and duration of the symptoms to be much

greater than those of preceding year (Table 1).

Table 1. Comparison of Clinical Features in Group 1 vs Group 2

Data Group 1" (n=42) Group 2" (n=106) P-value
Prevalence™ 6.3% (42/660) 16.4% (106/645) 0.009
Mean age(year) 43+27 4.1%+25 0.097
Admission days 4.5+2.5 days 7.41+4.3 days 0.043
Duration of fever 4.5+3.1 days 8.2+2.7 days 0.027
Treatment days 10.2%3.6 days 21.6+11.1 days 0.018
CRP (mg/dL) 33+1.5 7.6£3.8 0.039
Pleural effusion 4.7% 15.0% 0.015
Atelectasis 2.3% 14.9% 0.010
Extrapulmonary symptoms ' 19.0% 72.6% 0.014
Gastroenteritis 14.4% 17.9% 0.087
Hepatitis 2.3% 12.5% 0.028
Complications ' 7.1% 15.0% 0.030

“Patients admitted with M. pneumoniae pneumonia in 2002, Patients enrolled in our study with M. pneu-

moniae pneumonia since late 2003, FPrevalence of M. pneumoniae pneumonia,

P value <0.05 means significant, statistically

I ' Prevalence of data
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Table 2. Frequency of Clinical Symptoms (N=
106)

Table 3. Laboratory Findings (N=106)

Number

Symptoms Numbers of  Duration Finding of patients Mean+ SD"
patients (%) (days") (%)

Cough 102 (96.2) 22.1+4.8 WBC count(/mm?) 9,020+£5,037
Rhinorrhea 52 (48.6) 84+2.1 <5,000 4 (37
Sore throat 42 (394)  43E12 5,000~ 10,000 45 (43.2)
Diarrhea 34 (16.2) 43£1.8 10,000 ~ 15,000 50 (47.6)
Abdominal pain 23 (21.9) 5.1%+25 15,000 ~20,000 4 (37
Vomiting 18 (17.1) 34+2.1 >20,000 3 (29
Headache 15 (14.4) 35+2.1 Neutrophilia (>70%) 78 (73.5)
Respiratory difficulty 13 (12.3) 3.8+34 ESR', reactive (mm/hr) 79 (74.6) 57+35
Chest pain 9 (85  21+25 CRPT, reactive (mg/dL) 71 (67.5)  7.6+3.8
Skin rash 6(359) 55107 *Mean tstandard deviation, Erythrocyte sediment-
Arthralgia 5(49) 46+13 ation rate, T C-reactive protein

“Mean =+ standard deviation

2. Laboratory findings

At the time of admission, patients had a mean
WBC count of 9,020+5,037 mm’, a mean ESR of
57435 mm/hr, and a mean CRP of 7.6%3.8 mg/dL
(Table 3).

Higher value of CRP and ESR upon admission
were positively correlated with the duration of fever
and length of admission but Mycoplasma antibody
titers at the time of admission did not correlate with
the duration of fever or with the duration of admis-
sion (Table 4). The pleural effusions of 3 patients
in whom thoracentesis was performed were analyzed
(Table 5). The color of pleural effusion was sero-
sanginous, and all profiles, except for protein and
LDH were comparable to transudates. The protein
level of pleural effusions ranged from 3.5 to 4.5 g/
dL and caused hypoalbuminemia in the patients. The
mean serum albumin level in patients with pleural
effusion was 3.25 g/dL, and the mean serum protein
was 4.05 g/dL.

3. Chest radiological findings

Pulmonary infiltration on chest X-ray was demon-
strated in 88.7% of the patients; unilateral (62.2%),

bilateral (33.0%), or concomitant with lobular consol-

Table 4. Relation between Laboratory Find-
ings and Clinical Course

Finding Admission  Duration
days of fever

CRP (mg/dL)
<1.0 53*£12 32%18
>1.0 83+28 53%27
(P=0.015) (P=0.032)

ESR (mm/hr)
<20 55£1.7 3.1%x29
>20 82+2.7 52%38
(P=0.026) (P=0.043)

Mycoplasma antibody titer

1:320~640 63*X3.1 27%21
>1:1,280 73£48 4.1%309
(P=0.064) (P=0.056)

P value <0.05 means significant, statistically

idation (31.0%), atelectasis (14.9%), or pleural effu-
sion (15.0%) (Table 6).

Patients with pleural effusion had a higher inci-
dence of complications compared to those without
pleural effusion. Chest CT scans were performed in
4 patients who had protracted cough and crackles or
wheezing on auscultation 3 months after admission.
All showed atelectasis, pleural thickening and adhe-
sion. Two patients showed findings consistent with
bronchiolitis

obliterans, including bronchial wall
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Table 5. Laboratory Findings of Pleural Fluid

Case 1 Case 2 Case 3 Mean
PH 7.5 7.0 7.5 7.33
Color Yellow Yellow Clear to yellow —
Protein (g/dL) 4.5 3.8 35 393
LDH" (mg/dL) 4,758 1,718 1,379 2,618
ADA' (mg/dL) 29 83 38 50
WBC (Jmm’) 210 1,450 210 626.66
Glucose (mg/dL) 129 100 113 114
Gram stain — — — —
AFB stain — — — —
Culture — — — —
Tapping day™ 5 days 3 days 6days 4.6 days

“Lactic dehydrogenase (LDH), T Adenosine deaminas

Table 6. Radiological Findings on Chest X-ray
(N=106)

Site Number of patients (%)
Unilateral 66 (62.2)
Right lobe 41 (38.6)
Upper 10 (1 94)
Middle 7 ( 6.6)
Lower 21 (19.8)
Parahilum 3 (238
Left lobe 25 (23.6)
Upper 5 (4.7
Lower 18 (16.9)
Parahilum 2 (19
Bilateral 35 (33.0)
Atelectasis 15 (14.9)
Pleural effusion 16 (15.8)

thickening, adhesion and attenuation of pulmonary
vessels, mosaic perfusion, and subsegmentally local-

ized bronchiectasis.
4 . Complications

Complications, including myocarditis (2 cases), ar-
thritis (3 cases), asthma (3
cases), ARDS (1 case), and DIC (2 cases), were
observed in 15.0% of the patients (Table 7). We

experienced some unusual complications related to

vasculitis (5 cases),

M. pneumoniae pneumonia such as asthma, PIGN,

coronary aneurysm and arthritis.

e (ADA), T™Means Hospital days

Discussion

Extrapulmonary manifestations of M. pneumoniae
pneumonia are uncommon, with cases described as
single reports or small series” ¥, because M. pneu-
moniae invades and multiplies in the bronchial epi-
thelial cells”. A variety of mechanisms have been
suggested to explain the involvement of distant or-
gan systems. Potential mechanisms include metastatic
infection, micro-

autoimmunity, toxin generation,

thrombosis and altered host immunity® .
In our study, we found some characteristics of M.

pneumoniae pneumonia that were similar to those of
)

5

previous years“s). Compared with previous yearsﬁ‘7
there were more cases requiring admission and the
use of medication for longer periods due to pro-
longed fever, protracted cough or continuous rales
on auscultation. There was also an increased inci-
dence of extrapulmonary symptoms involving the
skin, pleural cavity, bone marrow, G-I tract and
joints, and of complications such as asthma, nephri-
tis, arthritis, and vasculitis. Some of the complica-
tions that occurred in our study were extremely
severe and unique, and to our knowledge, these
complications have not been previously reported.

However, there were no deaths in our study. In one
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Table 7. Comparison of Frequencies of Complications in Group 1 vs Group 2

No of patients (%)

Disease P-value
Group 17 (n=42) Group 27 (n=106)
Pulmonary 3 (7.0 37 (35.4) 0.032
Pleural effusion 2 4.7 16 (15.0)
Atelectasis 1 2.3) 15 (14.9)
Asthma 0 (0.0 3 (298
Bronchiolitis obliterans 0 (0.0 2 (1.8
ARDST 0 (0.0 1(09)
Extrapulmonary 6 (19.0) 54 (72.6) 0.014
Gastroenteritis 4 (14.4) 19 (17.9)
Hepatitis 1(2.3) 13 (12.5)
Vasculitis 0 (0.0 5047
Hemolytic anemia 0 (0.0 4 (3.8)
IDA’ 1(2.3) 4 (3.8)
Arthritis 0 (0.0 3 (238
Aseptic meningitis 0 (0.0 2 (1.8
pIC' 0 (0.0 2 (1.8)
Myocarditis 0 (0.0 2 (1.8

“Patients admitted with M. pneumoniae pneumonia in 2002, 'Patients enrolled in our study with M. pneu-
moniae pneumonia since late 2003, FAcute respiratory distress syndrome, ’Iron defiency anemiam, 'Dis-

seminated intravascular coagulation
P value 0.05 means significant, statistically

case, a 4-year-old boy was admitted with cough and
gross hematuria. Chest X-ray showed pneumonic in-
filtration. The Mycoplasma antibody titer was 1:
10,240 and C3 was 47 mg/dL. Urinalysis revealed
blood (+), protein 2 (+), RBC (many/HPF), and
WBC (10~30/HPF). An ultrasonogram of the kid-
ney showed swelling and increased echogenicity in
both kidneys. In other case, a 3-year-old boy was
admitted with a persistent fever, cough and dyspnea.
Chest X-rays showed pneumonic consolidation, ac-
companied by a profuse amount of pleural effusion.
The Mycoplasma antibody titer was 1 :40,960. Mild
cardiomegaly was detected on a follow-up chest X-
ray, and echocardiogram showed mild coronary dila-
tation and pericardial effusion. We excluded a case
of concomitant Kawasaki disease because the pa-
tient’s fever pattern was not remittent, was con-
trolled with antipyretics, and other clinical features

did not correspond to diagnostic criteria of Kawasaki

disease.

We compared the data collected in late 2003 to
data from the preceding year (Table 1). In compari-
son with patients diagnosed with M. pneumoniae
pneumonia at our hospital in 2002, there were re-
markable increases in the incidence of mycoplasmal
pneumonia, extrapulmonary symptoms, and complica-
tions in late 2003. In addition, clinical courses, in-
cluding total febrile period, admission period and
treatment period were significantly longer than those
in 2002. In our survey, the estimated frequencies of
mycoplasma pneumonia, extrapulmonary symptoms
and complications were 164%, 73.5% and 15.0%,
respectively, compared to those of 6.3%, 19.0% and
7.1%, respectively, in 2002.

Compared with previous studies, the incidence of
extrapulmonary manifestation was remarkably higher
in our study. Pyun et al.” reported an incidence of

25% in 1997 and Lee et al.® an incidence of 17%
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in 1993. In our study, the most common extrapul-
monary manifestation was gastrointestinal complica-
tion, occurring in 30.4% of patients. Elevated liver
enzymes were observed in 12.5% of patients. Hepa-
tic dysfunction in these patients was transitory, and
recovery of normal liver function correlated directly
with the resolution of the mycoplasma respiratory
disease'”. The pathogenesis of self-limiting hepatitis
may be attributed to a direct cytolytic effect medi-
ated by the infecting mycoplasma, or to an immu-
nological autoimmune disorder resulting from the
production of heterophil antibodies, ete*'” In pa-
tients with persistent rales on auscultation, the inci-
dence of extrapulmonary symptoms was higher, but
this correlation could not be explained.

In evaluating laboratory results, we found that
neither the level of the initial mycoplasma antibody
titer at admission, nor the follow-up titer correlated
with the duration of fever, length of admission,
duration of medication, incidence of extrapulmonary
symptoms or associated complications. However, the
higher values of CRP and ESR at admission posi-
tively correlated with both the duration of fever and
length of admission. There were no further positive
correlations among the variables we evaluated.

We found that 33.0% of patients showed bilateral
plulmonary infiltration on chest X-ray, a percentage
that was much higher than 17% and 13% in previ-
ous years6‘ Y, Pulmonary infiltrations in M. pneumo-
niae pneumonia patients were shown unilaterally in
70~90% of cases and bilaterally in 10~30% of
cases and were more likely to occur in the sequence
of right lower lobe, left lower lobe, and right upper
lobe'" ™. The prevalence of right lower lobe in-
volvement can be attributed to exudate shift in the
alveoli due to gravity and the anatomical disadvan-
tage of the right bronchus, which is straighter and
shorter than the left bronchus'".

Chest HRCT was performed in 4 patients who
had continuous crackles on auscultation over a 3-

month period, even though the severity of crackles

had improved over time. In 2 of these patients,
bronchiolitis obliterans was observed and was sub-
segmentally localized in small areas in the previous-
ly infiltrated lobe. Compared with previous yearss‘ 2,
more patients in our study had pleural effusion (15.0
%), though M. pneumoniae pneumonia is generally
accompanied by small pleural effusion in approxi-

mately 20% of cases'” "

. In analysis of the pleural
effusion, the protein level, LDH and WBC counts
corresponded to exudate, while the other values cor-
responded to transudate. Such findings are similar to
that seen in TB pleurisy. The values of ADA in
pleural effusions ranged from 29 to 83 in our study,
and the value for 1 patient extended into the terri-
tory of suspected TB pleurisy. The only way to dif-
ferentiate TB pleurisy is by collectively considering
the Mantoux test, TB contact history, AFB staining,
TB culture, and TB PCR'* ", Compared to patients
without pleural effusion, M. pneumoniae pneumonia
patients with accompanying pleural effusion are
known to have a longer duration of illness, a higher
incidence of complications, and a higher probability
of co-infection with viral agents, such as the adeno-
virus and parainfluenza virus'®™'™. In 9% of patients
with persistent cough and severe continuing asthma
symptoms, various viral studies were performed to
check concomitant viral infection. Respiratory syn-
cytial virus was found in one case.

M. pneumoniae infection is known to possibly ex-
acerbate asthmatic symptoms and play a pathogenic

role in asthma'®

. In our study, asthma was newly
developed in 3 cases. The exacerbation of previous-
ly-diagnosed and treated asthma was observed in 5
cases. Possible causal mechanisms of mycoplasma -
induced airway inflammation and hyperresponsiveness
have been investigated, including increased Th2 re-
sponses and inflammatory neuropeptideslg‘ 0
Complications of M. pneumoniae pneumonia large-
ly fall into two categories those involving the res-
piratory system and those that are non-respiratory.

Those with respiratory system involvement include
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pleural effusion, lung abscess,
)

Swyer-James syn-
dromeB, emphysema, bronchiolitis obliteran521), bron-
chiectasis, etc. Those that are non-respiratory in
nature include congestive heart failure, acute myocar-

dial infarction, myocarditis””

, pericarditis, Stevens-
Johnson syndrome, encephalitis, aseptic meningitis,
peripheral neuritis, cerebellar ataxia, transverse mye-
litis, Guillain-Barré syndrome, cranial nerve palsy,

13, 23)

etc 33% of patients with CNS complications

suffer permanent sequelaem.

Among patients with
CNS complications in our study, fortunately only 2
patients had aseptic meningitis and both recovered
with no sequelae. According to reported studies, the
occurrence of coronary aneurysm and PIGN, as
complications of M. pneumoniae pneumonia, are
rare. We believe that such complications implicate
an autoimmune-mediated mechanism, such as that of
vasculitis. The recent demonstration of tuberculin
anergy and depressed T-and B-cell lymphocyte fuc-
tion during the course of M. pneumoniae infection
suggests the possibility that immunosuppression may
contribute to the pathogenesis of extrapulmonary
complicati ons® .

We found a number of characteristics of M. pneu-
moniae pneumonia among cases from late 2003 that
were different from those of previous years%g). Fur-
thermore, we propose the following hypotheses to
explain why this outbreak was more clinically severe
and accompanied by more frequent extrapulmonary
symptoms and complications than outbreaks in pre-
vious years: First, it is likely that this epidemic
outbreak was caused by a different subtype of M.
pneumoniae from that of previous outbreaks. Accord-
ing to one reportm, Group I (91.7%) was more
prevalent than group II (8.3%) with a three-year
cycle of epidemic outbreak from 1997 to 2002 in
Korea. To date, there is little published data avail-
able to compare the immune responses, disease se-
verity, and exchange phenomena between the two
groups. Second, this epidemic outbreak may have oc-

curred concomitantly with other viral infections, such

as adenovirus, influenza, parainfluenza, and rhino-
virus. Third, the appearance of serious autoimmune
diseases resulted from impaired and altered immunity
in the host. That is, such an altered immune re-
sponse could allow for escape of M. pneumoniae
from the respiratory tract infection, the developement
of autoantibodies, prolonged infection, and perhaps
the activation of a quiescent infection. Further stud-
ies are needed to substantiate the above hypotheses.

The findings in our study are subject to some
limitations. First, this study was performed retrospec-
tively. Second, case ascertainment was conducted
only in our hospital. Third, determination of the be-
ginning and end of the outbreak was not possible
with the available data.

In conclusion, M. pneumoniae is generally thought
to cause mild disease of the respiratory tract and
uncomplicated pneumonia in affected children. How-
ever, serious pulmonary and extrapulmonary compli-
cations such as reported in our study may occur at
any times. Knowledge of the less common pulmo-
nary and systemic manifestations is important for
differential diagnosis and institution of proper, early
antimicrobial treatment and appropriate control mea-
sures including use of chemoprophylaxis during out-
breaks of acute respiratory illness. A multicenter
study is needed to verify the changes in clinical
characteristics observed during the 2003 outbreak

from previous outbreaks.
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