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Background: Mycoplasma pneumoniae (MP) pneumonia is a self-limiting disease, but some patients complain of progressive
pneumonia, despite of appropriate antibiotic treatment. We aimed to introduce the role of immune-modulators (corticosteroid
and/or intravenous immunoglobulin, IVIG) treatment for childhood MP pneumonia based on previous our experiences.
Materials and Methods: A retrospective case series analysis for 183 children with MP pneumonia was performed. MP pneumonia
patients were diagnosed by two Immunoglobulin M (IgM) tests: the micro-particle agglutination method (>1:40) and the cold aggluti-
nation test (>1:4), and were examined twice at the initial admission and at discharge. Among 183 MP pneumonia patients, 90 patients
with persistent fever for over 48 hours after admission or those with severe respiratory symptoms and signs received additional pred-
nisolone (82 patients, 1T mg/kg/day) or intravenous methylprednisolone (8 patients, 5-10 mg/kg/day) with antibiotics. Four patients with
aggravated clinical symptoms and chest radiographic findings after corticosteroid treatment received IVIG (1 g/kg/day, 1-2 doses).
Results: Mean age of 183 patients was 5.5 + 3.2 years (6 months-15 years), and the male: female ratio was 1.1:1 (96:87). Fif-
ty-seven patients (31%) were seroconverters and 126 seropositive patients showed increased diagnostic IgM antibody titres
during admission (over 4 folds). The majority of the patients who received corticosteroids (86/90 cases) showed rapid deferves-
cence within 48 hours with improved clinical symptoms, regardless of the used antibiotics. Also, 4 patients who received addi-
tional IVIG improved both clinically and radiographically within 2 days without adverse reaction.

Conclusions: In the era of macrolide-resistant MP strains, early additional immune-modulator therapy with antibiotics might
prevent from the disease progression and reduce the disease morbidity without adverse reaction.
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Introduction

Mycoplasma pneumoniae (MP) pneumonia is one of the
most common agents of community-acquired pneumonia in
previously healthy children and young adults [1]. In Korea, a 3-
to 4-year cycle of nationwide MP pneumonia epidemics have
been observed from the mid-1980s to the present [2]. Recently,
macrolide-resistant MP (MRMP) strains are increasing in East
Asian countries, including Japan, China and Korea [3-5]. How-
ever, the clinical implication of effective antibiotics against
MRMP in children has not been defined [6].

Although MP pneumonia is usually a benign self-limiting
disease, some patients complain of progressive severe pneu-
monia that is not responsive to antibiotic treatment. For these
severely affected patients, additional corticosteroids are effec-
tive for the rapid improvement of clinical symptoms and chest
radiographic findings in childhood and adult patients [7-9].
The rapid response to immune-modulators (corticosteroids)
has suggested that acute lung injury in MP infections is asso-
ciated with a hyperactive immune reaction of the host against
the insults from MP infection, in addition to the role of MP
replication in the host [1, 7-9].

We previously experienced that short-term use of oral prednis-
olone (1 mg/kg) was very effective for antibiotic non-responsive
patients during the past two nationwide MP epidemics [7, 10]. In
the recent 2011 epidemic, we used early corticosteroid treat-
ment for MP pneumonia patients who had respiratory distress
at presentation or during admission, or for those who had a
persistent fever for >48 hours after admission. Among them,
four patients did not respond to this therapy. Therefore, we at-
tempted intravenous immunoglobulin (IVIG) as another im-
mune-modulator and we obtained a favourable result as ex-
pected [1].

Although this study was not a case-controlled study for the
effect of immune-modulators, in this study, we wanted to in-
troduce the effect of additional immune-modulators on pre-
vention from disease progression and reduction of disease
morbidity, especially for severe MP pneumonia patients, by
comparing our data with the respective data from other stud-
ies. We also introduce first cases of IVIG treatment for severe
MP pneumonia, and briefly review the rationale of immuno-
therapy on MP pneumonia.

Materials and Methods

During the recent nationwide MP pneumonia epidemic in

Korea, we treated 341 pneumonia patients at The Catholic Uni-
versity of Korea Daejeon St. Mary's Hospital, from June 1, 2011
to December 31, 2011. Among them, 183 MP pneumonia pa-
tients were selected by two Immunoglobulin M (IgM) tests: the
micro-particle agglutination method (Serodia-Myco II, Fujire-
bio, Japan, >1:40) and the cold agglutination test (>1:4). Patients
were examined twice during the initial admission into the hos-
pital and then during discharge. Patients with seroconversion
or a 4-fold or greater increase in MP IgM titer with correspond-
ing cold agglutination were defined as positive for MP pneumo-
nia [10]. The patients who were examined by single testing (123
cases) regardless positivity of the results, or those who did not
increased or decreased titres at second testing (35 cases) were
excluded in this study, because of the high possibility of recent
past infection. All patients had pneumonic lesions on initial
chest radiography. The medical records and chest radiographic
findings of 183 patients were retrospectively analyzed.

The majority of patients were treated initially with a macro-
lide (clarithromycin) and a broad-spectrum antibiotic (amox-
acilin/clavulanate or cefuroxime). We have experienced the
effectiveness of additional corticosteroid treatment on severe
MP pneumonia during previous nationwide epidemics in
2003 and 2006-2007 [7, 10]. In the recent 2011 epidemic, we
planed to use the corticosteroids (prednisolone or intrave-
nous methyprednisolone) earlier than in previous epidemics
(persistent fever for >72 hours after admission) for rapid re-
covery of MP pneumonia patients. As for the indication of ear-
ly corticosteroids, the patients who showed respiratory dis-
tress such as wheezing or tachypnea, requiring oxygen supply
initially or during hospital stay (16 cases) or those who had
persistent fever for >48 hours after admission with antibiotics
(74 cases), received oral prednisolone (82 cases, 1 mg/kg/d,
2-3 days, tapering and stopping within a week) or intravenous
methyprednisolone for severe patients with respiratory dis-
tress (8 cases, initially 5-10 mg/kg/day, tapering and stopping
within a week). Patients with aggravated clinical symptoms
and chest radiographic findings after corticosteroid treatment
received IVIG (1 g/kg for 6 hours, 1-2 days). We also retrospec-
tively analyzed the medical records and chest radiographic
findings of 4 previously healthy children who were treated
with IVIG.

1. Ethics

The written informed consents were obtained by caregivers
of all children for their clinical records to be used in this study,
and the study was approved by the Institutional Review Board
of the Catholic University of Korea, Daejeon St Mary’s Hospital.
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2, Statistical analysis

All calculations were performed with SPSS ver. 14.0 (SPSS
Inc.,Chicago, IL, USA). Comparisons between groups were
performed using the Student’s t-test for continuous variables,
and chi-square test or Fisher’s exact test for categorical vari-
ables. The data were expressed as mean * standard deviation
(SD) for continuous variables or as percentage of a specific
group for categorical variables. All P-values were two-tailed,
and a P-value of < 0.05 was considered statistically significant.

Results

1. Demographic and clinical characteristics of MP
pneumonia patients
The mean age of 183 MP patients was 5.5 + 3.2 years (ranged

from 6 months to 15 years), and the male-to-female ratio was
1.1:1 (96:87). The age distribution of the subjects is shown in
Figure 1, and the peak of cases was observed in summer and
autumn season in Figure 2. In pneumonia patterns, 68 pa-
tients showed the bronchopneumonia, and 115 patients
showed the segmental/lobar pneumonia according to our
classification criteria [10]. Fifty-seven patients (31%) were se-
roconverters (from negative to positive cut-off values) and 126
seropositive patients showed increased diagnostic IgM anti-
body titres during admission. Polymerase chain reaction
(PCR) assay for viral antigens of 16 respiratory viruses was
checked in 79 patients; 7 patients were positive viral antigens
(3 rhinovirus, 2 respiratory syncitial virus (RSV), 1 influenza B,
and 1 rhinovirus and RSV).

We analyzed the clinical and laboratory parameters of the
90 children treated with, and 93 patients treated without corti-

Table 1. Clinical and laboratory findings of the patients treated with steroids and without steroids
- |

Age groups ?:leiogz)s N(():t:;(;l)d S P-value®
Clinical characteristics
Age (y) 49+3.0 6.1+3.3 0.01
Male:female 41:49 55:38 0.08
Fever duration > 48 h (n) 74 (82.2) 0(0) <0.001
Respiratory distress (n) 16 (17.8) 0(0) <0.001
Disease progression ( n) 4(4.4) 0(0) 0.04
Hospitalization (d) 7.0+23 58+1.5 <0.001
Duration of fever (d)
Before admission 44+24 46+2.1 0.59
Total duration 6.4+29 6.1+ 22 0.34
ARDS, ICU care (n) 0(0) 0(0) >0.99
Non-macrolides (n, %)" 11 (12.2) 6(6.5) 0.21
Laboratory findings
Hemoglobin (g/dL) 11.9+0.9 120+ 1.0 0.33
Leukocyte (x10°/mm?) 83+3.1 8.4+4.1 0.92
Neutrophil (%) 58 +28 62+34 0.37
Lymphocyte (%) 32121 28+19 0.20
Platelet (x10*/ mm?) 268 +91 274 +84 0.69
CRP (mg/dL) 35+3.8 35+4.1 0.59
ESR (mm/h) 35+ 16 36117 0.91
Seroconveter (n, %) 22 (24.4) 35(37.6) 0.06
Co-infection® 5/38(13.2) 2/41 (4.9) 0.25

ARDS, acute respiratory distress syndrome; ICU, intensive care unit; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate.
°P-values were obtained using Student’s #-test for continuous variables, and Chi-square test or Fisher's exact test for categorical variables, as appropriate.

*Number of patients who received only amoxicilin/calvunate or cefuroxime.

‘Number of patients who showed negative on the first examination, and converted to positive on the second examination (Serodia Myco Il).

“Number of patient who had positive PCR for respiratory viral antigens.
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costeroids. The mean age (P = 0.01) were different between
the groups. As expected, there were significant differences in
the patients with fever duration >48 hours after admission, the
patients with respiratory distresses, the patients with disease
progression, and hospitalization stay between the groups.
However, there were no differences in total fever duration and
no patients experienced acute respiratory distress syndrome
(ARDS) and intensive care unit (ICU) care. Most of the labora-
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Figure 1. Age distribution of Mycoplasma pneumoniae pneumonia pa-
tients.
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Figure 2. Monthly cases of Mycoplasma pneumoniae pneumonia pa-
tients.

Table 2. Clinical findings of IVIG treated patients

tory findings, including leukocyte count, C-reactive protein
(CRP) level and PCR positivity of viruses showed no differenc-
es. However, there was a trend of higher coinfection rate in the
corticosteroid group (Table 1).

2. Treatment of MP pneumonia patients

Since we have believed that the pathogenesis of MP pneu-
monia is more responsible for the host excessive immune re-
action than the pathogen induced cytopathy, in this epidemic
we tried to use various antibiotics during study period. How-
ever, the study design was not prospective and the cases of
each used antibiotic were uneven. Nine patients were treated
with only a macrolide (clarithromycin), and 157 patients were
treated initially with a chrarithromycin and a broad-spectrum
antibiotic (amoxacilin/clavulanate or cefuroxime), and 18 pa-
tients were treated only amoxacilin/clavulanate (12 cases) or
cefuroxime (6 cases). Among 18 patients with non-macrolide
antibiotics, 11 patients received prednisolone because of pro-
longed fever, but no patients had a progression of the disease.
Three patients received additional ciprofloxacin during clini-
cal course. As previously mentioned, 90 patients received cor-
ticosteroids (82 prednisolone and 8 intravenous methypred-
nisolone), among them 4 patients received IVIG (1 g/kg for 6
hours, 1- 2 days). The majority of the patients who received
corticosteroids (86/90 cases), showed defervescence within
48 h with improved clinical symptoms, regardless of the used
antibiotics including non-macrolides. Also, 4 patients who re-
ceived additional IVIG improved both clinically and radio-
graphically within 2 days. There were no patients with adverse
reaction.

3. Clinical and laboratory findings of IVIG treated
patients
All four patients had symptoms and signs indicative of lower
respiratory tract infection upon admission, including fever
(>38°C) and cough, with pneumonia infiltrates on chest radio-
graphs. The case 1 infant (8 months of age, male) showed fe-

Fever duration Treatment
Cases Hosp. Pneumonia
Before Total Antibiotics Steroids IVIG
1 2 3 CM, CR MP,HD 3 HD5 &6 15 Peribronchial infiltrations
2 3 12 CM,CR PD, HD 3 HD6 &7 16 Consolidations on BLL, PE
3 4 10 CM, CR PD,HD 3 HD5 &6 10 Consolidation on LLL
4 3 8 CM, CR, CX MP, HD 6 HD 7 12 Consolidations on LUL,RML

Hosp., hospitalization (days); CM, clarithromycin; CR, cefuroxime; MP, methyprednisolon; HD, hospital day; PD, prednisolone; BLL, both lower lung fields; PE, pleural effu-
sion, LLL, left lower lung field; CX, ciprofloxacin; LUL, left upper lung field; RML, right middle lung field.
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Figure 3. The chest radiographs of the case 2 that had progressive pneumonia during hospitalization; on admission (A), 1 day after prednisolone treat-
ment (1 mg/kg/day, 4th HD) (B), before IVIG treatment (6th HD) (C), and 5 days after IVIG treatment (1 g/kg/day for 2 days, 12th HD) (D).

HD, hospital day; IVIG, infravenous immunoglobulin.

Figure 4. The chest radiographs of the case 4 that also showed progressive pneumonia during hospitalization; on admission (A), 3 days after additional
ciprofloxacin treatment (6th HD) (B), and 1 day after methylprednisolone (10 mg/kg) and IVIG (1g/kg, one dose, 7th HD) (C), and 5 days after both treat-

ment (12th HD) (D).
HD, hospital day; IVIG, intravenous immunoglobulin.

Table 3. Laboratory findings of IVIG treated patients

WBC (/mm®) ESR CRP Anti-MP IgM Cold agglutinin PCR
Cases (Neut/Lym %)  (mm/h) (mg/dl)  mmitial F-U Initial F-U Virus
1 12,400 (30/63) 11 0.5 1:160 1:1,280 1:16 1:64 RSV
2 8,300 (61/29) 31 2.1 1:1 1:1,280 1:8 1:128 Negative
3 9,600 (70/22) 44 2.0 1:80 1:640 1:4 1:64 Negative
4 6,200 (84/8) 29 10.2 1:1 1:1,280 1:1 1:32 Negative

IVIG, intravenous immunoglobulin; WBC, white blood cells; Neut/Lym, neutrophil/lymphocyte differential; ESR, erythrocyte sedimentation rate; CRP, C-reactive protein; anti-
MP IgM, anti-Mycoplasma pneumoniae \gM antibodies; F-U, follow-up; PCR, polymerase chain reaction; RSV, respiratory syncitial virus.

ver and respiratory distress with wheezing and tachypnea at
presentation, and received intravenous methylprednisolone
(5 mg/kg/day, divided 2 dose) with antibiotics at the first hospi-
tal day (HD). Fever was abolished on next day, but no clinical
improvement with increased peribroncial infiltrations was ob-
served during 2 days after steroid treatment, IVIG (1 g/kg/day)
was given on the third and fourth HD. The patients of cases 2
(6 years of age, male) and case 3 (6 years of age, male) com-

plained of fever and cough with 3 to 4 days in duration, and
received prednisolone (1 mg/kg/day) treatment on third HD
because of persistent fever and aggravated cough. Since the
patients showed no clinical improvement and aggravated
chest radiographic findings during prednisolone treatment,
two doses of IVIG (1 g/kg/day, for 2 days) were given, because
of no defervescence with one dose IVIG. The fourth patient (10
years of age, female) was treated with clarithromycin and ce-
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furoxime initially, and added ciprofloxacin on third HD. How-
ever, the patient’s clinical symptoms and chest radiographic
findings were worse, intravenous methyprednisone (10 mg/
kg/day, 6th HD) and one dose IVIG (1g/kg/day, 7th HD) were
infused (Table 2). Serial chest radiographs of the patients (case
2 and case 4) were presented in Figures 3 and 4. Laboratory
findings of the 4 patients are presented in Table 3. Two pa-
tients were seroconverted, and two patients were increased
MP antibody titres. In the PCR study for respiratory viruses,
infant patient was coinfected with RSV type 1 (Table 3). All 4
patients showed clinical and radiological improvement within
2 days as previously presented.

Discussion

MP pneumonia is a self-limiting disease. Although sensitive
antibiotics can induce rapid defervescence in MRMP pneu-
monia patients [11, 12], antibiotics’ role on progressive pneu-
monia and extrapulonary manifestations, such as encepha-
lopathy and hemolytic anemia, is still controversial [13].
Recently in neighbouring countries to Korea such as Japan
and China, very high prevalence of MRMP strains, ranging
over 80% in children, has been reported [3-5, 11, 12]. An inves-
tigation group in Korea reported that 63% of the isolated MP
strains were MRMP strains in the 2011 nationwide epidemic [5].
It was reported that the patients affected with MRMP strains
had a prolonged fever duration (mean 9-10 days) with macro-
lide therapy, compared to the patients with macrolide-sensi-
tive MP strains (mean 5.5-7 days) [14, 15]. In 2011 epidemic in
Korea, many pediatricians faced difficulty of the non-respon-
siveness of antibiotics and progressive pneumonia on some
severely affected pneumonia patients (personal communica-
tions), and one study group reported that mean total fever du-
ration of severe MP pneumonia patients who received met-
hyprednisolone pulse therapy was 11.8 days [16]. Although MP
pneumonia is self-limited, prolonged fever with protracted
clinical course is troublesome on patients, parents and doctors
who are worried about disease progression or complications
with long morbidity. Thus our treatment policy for patients
with fever duration of >48 hours after hospitalization was
thought to be adequate, and we showed that early use of im-
mune-modulators (corticosteroids and IVIG) with convention-
al antibiotic treatment prevented disease progression and in-
duced rapid improvement, as shown previous studies [7, 10].
The fever duration of the corticosteroid group in this series
(mean 6.4 days) was shorter than that in the MRMP infected

patients treated without corticosteroids (9-10 days) in previ-
ous studies in Japan [14, 15], and that in lately corticosteroid
treated patients in this epidemic in Korea (11.8 days) [16].
Furthermore, it was not longer than that in the control group
in which all patients showed a defervescence within 2 days
(6.1 days), despite of the steroid treated group’s possession of
severe cases with respiratory distress and the cases of possibly
prolonged fever with clinical deterioration. Especially, no pa-
tients had progressive pneumonia after immune-modulator
treatment despite of a large MP series. These findings suggest
that importance of early control of the disease. Although pa-
tients infected with MRMP had the prolonged fever duration,
few cases showed apparent treatment failure with macrolides
[14, 15], suggesting the self-limited nature of the diseases. In
addition, some severely affected patients treated with MP-sen-
sitive antibiotics (tetracyclines or fluoroquinolones) in the
early stage of the disease can have progressive severe pneu-
monia [17, 18], as well as the case 4 in this series. Okada et al
reported that the antibiotic change from macrolides to tetra-
cyclins (minocyclines or doxycyclines) for MRMP pneumonia
patients with prolonged fever over 3 days or worsened pneu-
monia induced rapid defervescence within 24 hours, but 44%
of these patients received corticosteroids for 1-2 days [11]. Tt
has also been reported that empiric antibiotic coverage of
atypical pathogens for community-acquired pneumonia have
shown no benefit of clinical efficacy in hospitalized children
and adults with pneumonia [19, 20]. At present time, both tet-
racyclines and fluoroquinolones are not recommended for
use in children younger than 8 years due to complications
such as teeth discolouration and potential cartilage damage
(6], despite the majority of MP pneumonia patients under 8
years of age in this series.

The immunopathogenesis of MP pneumonia is still un-
known. MP pneumonia patients show a variety of clinical se-
verity from mild pneumonia to fatal progressive pneumonia,
but the host immune response against the insults from MP in-
fection may be similar. The rapid response to immune-modu-
lators (corticosteroids) and the limited effectiveness of antibi-
otics on some severely affected patients have suggested that
acute lung injury in MP infections is associated with a hyper-
active immune reaction of the host, rather than a direct cyto-
pathic effect of MP on respiratory cells [1, 7-9, 21]. It is also
postulated that substances originated from injured lung cells
can induce further inflammation with corresponding immune
cells if released into systemic circulation or near local lesions.
Therefore, early control of initial lung injury from hyperactive
immune reactions may be essential for the prevention of fur-
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ther lung injury and a reduction of morbidity in MP pneumo-
nia as well as other respiratory viral pneumonias such as in-
fluenza pneumonia. The beneficial effect of corticosteroids
may act on immune cells, especially abnormally hyperactivat-
ed non-specific T cells, by inducing apoptosis [21, 22]. Al-
though high-dose and prolonged use of corticosteroids are
known to induce side effects such as immune suppression,
medium-dose and short-term use of our policy (prednisolone
1 mg/kg/day for 2-3 days, tapering and stopping within 7
days) may not cause serious effect on immune system. Since
the effect of corticosteroids is dependent on the dose admin-
istered and the severity of affected patients with excess im-
mune substances, a higher dose may be needed for more se-
vere patients in early stage of the disease, as suggested based
on this study. In addition, initial IVIG treatment may be help-
ful for patients who have difficulty with the use of corticoste-
roids.

In the present study, we found that high-dose IVIG played
an important role to prevent from the disease progression for
the patients with severe inflammation. Four IVIG-treated pa-
tients who remained febrile with aggravated pneumonia le-
sions after corticosteroids showed clinical and radiological
improvement within 2 days, as shown in figures. We also previ-
ously experienced the effect of IVIG on a severe influenza
pneumonia case with corticosteroid treatment [23]. The im-
mune-modulation mechanisms of IVIG is unknown, but vari-
ous mode of actions, including Fc receptor blockage, neutral-
ization of etiologic agents and the suppression of activated
immune cells, have been proposed [24]. Because high-dose
IVIG has the action of systemic protein modulation in vivo [25],
IVIG may act on the proteins that are involved in protein cas-
cade pathways in the inflammatory process. Although many
investigators have reported the beneficial effects of corticoste-
roids on severe antibiotic non-responsive MP pneumonia pa-
tients [7-10, 16-18] and experimental animals [26, 27], there
are few reports regarding the effects of IVIG on MP pneumo-
nia. Yun et al reported that IVIG therapy was beneficial for pa-
tients with pneumonia, including MP pneumonia, who did
not respond to initial antibiotic therapy [28]. Some investiga-
tors have used IVIG for extrapulmonary manifestations of MP
infection, including encephalopathy, rhabdomyolysis and he-
molytic anemia [29, 30].

Single serologic test for diagnosis of MP pneumonia is prob-
lematic because of a lack of IgM antibodies at presentation
(false negative) and a longer existence of IgM antibodies in epi-
demics (false positive) [1, 13]. Thus, our patient-selection policy
in this study could help to overcome the early diagnostic

problem and reduce false-positive and false negative cases as
much as possible during epidemic periods.

We previously reported that the severity of MP pneumonia
is associated with IgM negativity in the early stages of MP
pneumonia in older children [10]. This finding suggests that
recovery of lung injury may begin at the stage of the appear-
ance of specific antibodies during the self-limiting inflamma-
tory process, and specific antibodies and specific T cells
against pathogens may not be related to lung injury in the ear-
ly stage of disease. We also found that young children (<2
years of age) had a milder clinical course with milder pneu-
monic lesions compared to older children [10]. In this series,
the patients treated with corticosteroids were younger, and
coinfection rate with viruses tended higher than the patients
treated without corticosteroids. It is in part explained that we
used corticosteroids early for patients who showed wheezing
and respiratory distress at presentation and coinfection with a
viral agent might be responsible for the severe symptoms of
the lower respiratory tract infection. Nevertheless, the patients
treated immune modulators showed a rapid clinical improve-
ment, including virus coinfected patients.

There are some limitations in this study. We could not con-
firm the strains in this series were MRMP strains. Although
this retrospective work was not a case-control study, we
showed the effectiveness of immune-modulators through the
comparison with the results from other study groups. We used
various antibiotics in this series, but we did not aim to deny
the important role of antibiotics on MP pneumonia. Antibiot-
ics may affect on not only MP but also normal flora that can
possibly be helpful for replication of MP in the host, because
of fastidious growing nature of MPs in the culture system
without feeding cells [1]. For some severe patients, we used
the immune-modulators prior to a definitive diagnosis of MP
pneumonia. Given the large outbreak of pneumonia patients
in epidemic period (summer season), the relatively mild clini-
cal condition against chest radiographic finding and the nor-
mal or low leukocyte count with low lymphocyte differential,
we could diagnose early MP pneumonia and tried the pre-
emptive treatments for possibly progressive MP pneumonia.

In conclusion, additional immune-modulator therapy for
MP pneumonia patients, including severe or potentially pro-
gressive pneumonia patients, showed rapid clinical and chest
radiographic improvement without side effects. To our knowl-
edge, this study may contain the first report regarding high-
dose IVIG treatment for severe MP pneumonia in children. In
the future, controlled clinical studies for suitable antibiotics
with or without immune-modulators on children with severe
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MRMP infection are needed.
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