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To investigate pathophysiologies of Mycoplasma pneumoniae infection from an immunological point of view,
we measured the levels of interleukin-18 (IL-18) (originally designated gamma interferon [IFN-vy]-inducing
factor) in 19 serum samples from 10 patients with pneumonia without pleural effusion (ages 1 to 16 years), 3
serum and 13 pleural fluid samples from 11 patients with pleural effusions (ages 11 months to 15 years), and
18 serum and 27 cerebrospinal fluid samples from 24 patients with central nervous system complications (ages
1 to 15 years). IL-18 was measured by a commercially available enzyme-linked immunosorbent assay kit (MBL,
Nagoya, Japan). In addition, the levels of tumor necrosis factor alpha, IFN-y, IL-6, IL-12, and KL-6 (a
mucin-like glycoprotein expressed on type 2 pneumocytes) were measured in selected samples. The results
concerning pleural effusions showed that elevated levels of IL-18 in pleural fluid, but not in serum, were solely
associated with a sustained fibrotic change of the lung on chest roentgenography which might represent a
pathological feature of intraluminal organization. All the pleural fluid samples with elevated levels of IL-18
were positive by PCR for M. pneumoniae DNA. There was no association between IL-18 and IFN-vy levels in
serum or in the pleural fluid. On the other hand, elevated levels of IL-18 in serum, but not in cerebrospinal
fluid samples, were observed in the cases complicated by central nervous system involvement, including
profound brain dysfunction with seizures. Our study demonstrated that M. pneumoniae can induce IL-18 and
that the enhanced local production of IL-18 in the lung is closely associated with pulmonary disease mani-

festation.

Mycoplasma pneumoniae is a common cause of community-
acquired pneumonia, mainly in children and young adults, and
is well known to cause a wide variety of respiratory and ex-
trapulmonary diseases (2). However, rather little is known
about the pathogenesis of this organism. This must be in part
because of its unique genomic composition, cellular biology,
and fastidious nature as the smallest cell-free living organism
which lacks a cell wall (30). One point which seems to be sure
is that pneumonia, the hallmark of M. pneumoniae infection, is
a consequence of a host immune response, particularly of cel-
lular immunity (2, 4, 6). In this respect, previous studies have
suggested that a T-helper 1 (Thl)-type response of the host
may play an important role in developing pathologic features
as well as in radiographical patterns of M. pneumoniae pneu-
monia (34, 35). At the same time, it has been reported that a
local immune response on the pulmonary surface of the host
may play an important role in developing extrapulmonary dis-
eases associated with M. pneumoniae (23; M. Narita, Letter,
Clin. Infect. Dis. 30:405, 2000). In this context, we postulated a
critical role for Thl-type cytokines in the pathogenesis of M.
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pneumoniae infection in terms of both pulmonary and ex-
trapulmonary diseases.

Interleukin-18 (IL-18) is a new member of Thl-type cyto-
kines which was originally designated gamma interferon (IFN-
v)-inducing factor (26, 38). This cytokine was at first reported
to be produced by Kupffer cells and activated macrophages
and to be a critical factor in the induction of liver injury in mice
(26). In humans, elevated concentrations of IL-18, along with
IFN-vy, in plasma were reported for patients with severe me-
lioidosis (15). On the other hand, IL-18 was shown to prevent
the dissemination of Cryptococcus neoformans from the lung to
the brain by inducing IFN-y in mice (9). IL-18 is constitutively
produced in the lung and liver and has different effects in these
organs against Escherichia coli and Salmonella enterica serovar
Typhimurium infections in mice through the different func-
tions of active mediators, such as IL-1B, IL-8, tumor necrosis
factor alpha (TNF-a), and macrophage inflammatory proteins
(25, 29). Moreover, IL-18 was reported to induce granulocyte-
macrophage colony-stimulating factor and to participate in the
local control of osteoclastogenesis in mice (37). Thus, the ef-
fects of IL-18 on disease conditions are not restricted to those
mediated through IFN-vy induction and must be variable in
terms of being beneficial or detrimental, depending on the
organs involved and on the mediators involved (25). In addi-
tion, IL-18 induces IFN-y more potently than does IL-12 (26).
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Because of the above observations taken together, we focused
the present study on IL-18.

In a previous study concerning patients with massive (i.e.,
requiring removal) pleural effusions due to M. pneumoniae
infection, M. pneumoniae DNA was detected in the acute-
phase pleural fluid (PF) of 4 of 10 patients by PCR, and 3 of
the 4 PF-PCR-positive patients showed a sustained fibrotic
change on chest roentgenography remaining for more than 4
weeks (24). Despite being similarly massive, the effusions were
transient and roentgenography showed that they became nor-
mal within 4 weeks in the 6 PF-PCR-negative patients. To
further characterize these two distinct conditions, we tested in
the present study the contribution of IL-18 to pulmonary man-
ifestation.

In another study concerning patients with central nervous
system (CNS) complications due to M. pneumoniae infection,
the M. pneumoniae DNA was detected in cerebrospinal fluid
(CSF) by PCR at a significantly higher rate for patients with
early-onset encephalitis, defined as a CNS disease onset of =7
days from the onset of fever, than for patients with late-onset
encephalitis, defined as a CNS disease onset of =8 days (22).
Recently, this finding has been supported by both early-onset,
PCR-positive (5, 7, 36) and late-onset, PCR-negative (27)
cases from institutions other than ours. To further characterize
these two conditions, we also tested in the present study the
contribution of IL-18 to CNS manifestation.

MATERIALS AND METHODS

Pneumonia without pleural effusion. Nineteen serum samples were obtained
from 10 patients (ages 1 to 16 years) with radiographically confirmed pneumonia
without pleural effusion. Mycoplasmal infection was confirmed serologically by
either a =4-fold rise in titer (» = 6) or an initial high titer of >1:320 (n = 4) of
antimycoplasma immunoglobulin antibody measured by a microparticle aggluti-
nation (MPA) test (Serodia Myco II; Fujirebio, Tokyo, Japan), and all patients
had a positive reaction for antimycoplasma immunoglobulin M antibody by an
enzyme-linked immunosorbent assay (ELISA) kit (Zeus Scientific, Raritan,
N.J.). For some patients, sequential serum samples were obtained at intervals of
4 to 7 days. In one patient (a 7-year-old male), the pneumonia was complicated
by fulminant hepatitis with hepatic coma, which resolved with plasma exchanges.
One serum sample was collected before and two subsequent samples were
collected after the plasma exchanges.

Pneumonia with pleural effusion. Thirteen PF and three serum samples were
obtained from 11 patients (ages 11 months to 15 years). Of these, nine patients
had already been characterized in a previous study (cases 2 to 10) (24). The other
two patients were an 8-year-old boy (case 11) and a 2-year-old girl (case 12).
Mycoplasmal infection was confirmed serologically by the MPA test (an initial
titer of 1:2,560 for case 11 and a rise from 1:<40 to 1:5,120 for case 12).
Adenovirus (Ad) type 7, which is known to cause severe respiratory disease (19)
and to induce IL-18 (39), was isolated from the PF of patient 12, which indicated
a coinfection with this virus. M. pneumoniae DNA was detected by PCR in the PF
of patient 11, and this patient showed a sustained fibrotic change on chest
roentgenography. M. pneumoniae DNA was not detected in the PF of patient 12,
and the effusion was transient without any remaining fibrotic change. Effusions
were bilateral in two patients (cases 7 and 10). In case 7, while a sustained fibrotic
change was observed in the right lung, which was positive for M. pneumoniae
DNA by PF-PCR, the left effusion was transient and yielded a negative PCR
result. In case 10, both effusions were transient, and PF was removed only from
the right lung. The only patient with a positive PF-PCR result but without a
sustained fibrotic change on chest roentgenography was an 11-month-old infant
(case 8) with complications from profound hypoxemia requiring mechanical
ventilation. While the lung disease was transient, case 5 was complicated by skin
rash, liver dysfunction, and syndrome of inappropriate secretion of antidiuretic
hormone.

CNS complications. Eighteen serum samples and 27 CSF samples were ob-
tained from 24 patients with CNS complications (ages 1 to 15 years). They
comprised 15 patients with early-onset encephalitis, 5 patients with late-onset
encephalitis, and 4 patients with aseptic meningitis. Of these, serum and/or CSF
samples from eight patients with early-onset encephalitis, two patients with
late-onset encephalitis, and three patients with aseptic meningitis had already
been included in previous studies concerning the PCR detection of M. pneu-
moniae DNA (22, 23) or the determination of IL-6 levels (18). “Encephalitis”
represented a clinical diagnosis which comprised encephalitis, meningoenceph-
alitis, cerebellitis, and acute disseminated encephalomyelitis. Serological diag-
nosis of mycoplasmal infection was made for most of the patients by the MPA
test as mentioned above and in a few cases by other methods. No patients died.
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FIG. 1. Levels of IL-18 in patients with M. pneumoniae pneumonia. Samples
were obtained from patients with no (A) or massive (B) pleural effusions. A solid
line within the same kind of samples and a dotted line between serum and PF
samples indicate that the samples were from the same individual. A broken line
at 260 pg/ml denotes the normal upper limit of IL-18 in serum. A, a patient with
fulminant hepatitis; A, a patient with coinfection by Ad type 7; @, a patient with
a positive PCR result for M. pneumoniae DNA with a sustained fibrotic change
on chest roentgenography; m, a patient with a positive PCR result for M. pneu-
moniae DNA without fibrotic change; Rt, PF sample taken from the right lung;
Lt, PF sample taken from the left lung.

Pneumonia associated with other respiratory infections. The following sam-
ples from patients with pneumonia associated with viral infections were tested
for comparison of IL-18 results. Four serum and two PF samples were collected
from six patients with adenoviral pneumonia, of whom two patients had pleural
effusions. All six patients had Ad type 3 or type 7 isolated from throat swab or PF
samples. A serum sample was obtained from one patient with influenza pneu-
monia for whom type H3N2 virus had been isolated from a throat swab sample.
Four serum samples were collected from four patients with pneumonia-associ-
ated serologically confirmed measles. Of these 11 patients, 3 patients with Ad
type 7 infection without pleural effusion had a fibrotic change similar to those
observed in M. pneumoniae infections.

ELISAs. IFN-y (Amersham International, Amersham, United Kingdom),
TNF-a (Amersham International), IL-6 (Fujirebio), and IL-18 (MBL, Nagoya,
Japan) were measured by commercially available ELISA kits, and all assays were
performed according to each supplier’s recommendations. The minimal signifi-
cant level of detection (i.e., sensitivity) in serum for each cytokine is set by the
suppliers at 0.1 pg/ml for IFN-v, 4.4 pg/ml for TNF-a, 2.5 pg/ml for IL-6, and 12.5
pg/ml for IL-18. Values above the following were arbitrarily taken as abnormally
elevated, irrespective of the kind of samples (i.e., serum, PF, or CSF): 1.5 pg/ml
for IFN-v, which is recommended as a normal upper limit for serum samples
(high-sensitivity human IFN-y ELISA system instruction manual, Amersham
Life Science, Amersham, United Kingdom); 4.5 pg/ml for TNF-«, which is just
above the detection limit; 5.0 pg/ml for IL-6 (18); and 260 pg/ml for IL-18 (a
mean plus 3 standard deviations of serum samples from healthy controls was
259.4 pg/ml [human IL-18 ELISA kit instruction manual, MBL, Nagoya, Japan]).
IL-12 was measured by an in-house ELISA method which was constructed using
a mouse anti-human IL-12 (p35-p70) monoclonal antibody cocktail (Pharmin-
gen, San Diego, Calif.), a biotinylated mouse anti-human IL-12 (p70) monoclo-
nal antibody (Pharmingen), and a recombinant human IL-12 (p70) standard
(Pharmingen). The minimal significant level of detection and the normal upper
limit for serum with this system are set at 15 pg/ml (M. Kubota, unpublished
data).

KL-6 was also measured by a commercially available ELISA kit (Eizai, Tokyo,
Japan) according to the supplier’s recommendations (see Results for details of
KL-6). A normal upper limit of KL-6 for serum is set at 500 U/ml (Eitest KL-6
instruction manual, Eizai Co., Tokyo, Japan).

RESULTS

IL-18 in serum and PF. Figure 1 shows the levels of IL-18 in
serum and/or PF samples from patients with or without pleural
effusions. Patients with pneumonia without effusions showed
normal upper to mildly elevated levels of serum IL-18 which
did not exceed 1,000 pg/ml.
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TABLE 1. Levels of TNF-«, IL-6, IL-12, IL-18, and IFN-y in PF samples from patients with M. pneumoniae infection

Level of cytokine (pg/ml)

Case no.” PC]} Lung change?
TNF-a IL-6 IL-12 IL-18 IFN-y result
2 <7.5 7,217 <15 420 95 - Transient
3 <75 6,265 897 848 92 - Transient
4
Sample 1 210.3 3,851 804 1,100 81 + Fibrotic change
Sample 2 325 55,450 405 583 73 + Fibrotic change
5
PF <7.5 2,354 <15 625 80 - Transient
Serum NT¢ NT <15 1,628 5.0 - Transient
6 24.2 3,851 82 598 52 - Transient
7
Right lung <75 3,755 96 1,475 7.5 + Fibrotic change
Left lung <75 2,392 217 192 <0.1 - Transient
Serum <75 104 484 228 <0.1 - Transient
8 NT NT 58 640 <0.1 + Transient
9 NT NT 194 1,739 6.95 + Fibrotic change
10 NT NT <15 597 46 — Transient
11 NT NT <15 3,412 120 + Fibrotic change
12 NT NT 58 941 28 — Transient

¢ Case number corresponds to that of a previous report (24). For case 4, sample 2 was obtained 4 days after sample 1.
® Transient means that the retention of PF was transient and a chest roentgenography became normal within 4 weeks; fibrotic change means that a sustained fibrotic

change on chest roentgenography was observed for more than 4 weeks.
¢ NT, not tested.

Most notably, only the four patients with a positive PF-PCR
result and a sustained fibrotic change of the lung on chest
roentgenography showed a substantial increase in the levels of
PF IL-18 which exceeded 1,000 pg/ml. Interestingly, for patient
7, from whom bilateral PF samples were obtained, while the PF
sample from the right lung (with the fibrotic change) showed
an elevated level of IL-18 (1,475 pg/ml), the PF sample from
the left lung (without the fibrotic change) and the patient’s
serum sample showed normal levels of IL-18 (192 and 228
pg/ml, respectively). Moreover, for patient 5, who had pneu-
monia without a fibrotic change of the lung but with severe
systemic disease, despite the serum sample at the time of PF
collection showing a high level of IL-18 (1,628 pg/ml), the PF
sample showed an IL-18 level of 625 pg/ml, which was compa-
rable to those of the other PF samples from the patients with-
out fibrotic change. In addition, patient 8, the only one with
positive PF-PCR but without a fibrotic change of the lung,
showed a PF IL-18 level of 640 pg/ml, which was comparable to
those of the PF samples from the patients without fibrotic
change. These results strongly suggested that the enhanced
local production of IL-18 plays a significant role in the forma-
tion of fibrotic change in the PF-PCR-positive lungs.

Association of IL-18 levels with those of Thl cytokines. We
next sought to determine whether the effect of IL-18 was
through the function of inducing IFN-y or other Thl-type
cytokines. The results for the PF samples are shown in Table 1.
Rather unexpectedly, the values for IFN-y had no association
with those for IL-18. For example, while IL-18 levels were high
in the right lung of patient 7 (1,475 pg/ml) and in the lung of
patient 9 (1,739 pg/ml), both of which had fibrotic change,
IFN-v levels were only slightly elevated (7.5 and 6.95 pg/ml,
respectively). On the other hand, TNF-a was detected in only
two of the six patients tested, one with fibrotic change and the
other without. Levels of IL-6 were remarkably high in all PF
samples, and the degree of elevation had no relevance to
fibrotic change. Also, the levels of IL-12 did not have any
association with those of IL-18 or IFN-y. These results sug-
gested that the effect of IL-18 on fibrotic change of the lung is
independent of the functions of these cytokines.

To further clarify the relationship between IL-18 and IFN-y
in M. pneumoniae infection, we tested sequential serum sam-
ples from five patients with pneumonia, one of whom had
late-onset encephalitis. The results are shown in Table 2. The
sharp rise of MPA titers indicated that these patients had been

TABLE 2. Time course of IL-18 and IFN-y in sera from patients
with M. pneumoniae pneumonia®

Level of protein” in
Case no. (status) and protein

1st sample  2nd sample  3rd sample
Pn-1 (late-onset encephalitis®)
1L-18 622 1,240 305
IFN-y 66 38 <0.1
Antibody 80 640 1,280
Pn-2 (no complications)
IL-18 265 305
IFN-y 14.6 <0.1
Antibody 80 2,560
Pn-3 (no complications)
1L-18 229 280 389
IFN-y 6.7 0.5 0.23
Antibody 80 640 5,120
Pn-4 (no complications)
IL-18 240 575
IFN-y 5.0 <0.1
Antibody 320 20,480
Pn-5 (no complications)
1L-18 540 715 704
IFN-y <0.1 <0.1 <0.1
Antibody 320 20,480 40,960

¢ Intervals between sample collections were 4 to 7 days.

b TL-18 and IFN-y levels are shown in picograms per milliliter. Values of >260
pg/ml for IL-18 and 1.5 pg/ml for IFN-y can be considered significantly elevated.
Anti-M. pneumoniae antibody titers were measured by the MPA.

¢ A CNS disease onset of =8 days from the onset of fever (22).
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FIG. 2. Levels of IL-18 and KL-6 in PF samples from patients with M.
pneumoniae infections. @, PCR positive; O, PCR negative; A, patient was coin-
fected by Ad type 7. Broken lines at 260 pg/ml on the vertical scale and at 500
U/ml on the horizontal scale denote the normal upper limits of IL-18 and KL-6
in serum, respectively.

infected by M. pneumoniae very recently. While the level of
IFN-y was always the highest in the first serum sample, except
for that of patient Pn-5, in which it was not detected through-
out, the level of IL-18 was always higher in the second serum
sample than in the first sample. These results suggested that
IFN-vy levels rise in serum during the very acute phase of M.
pneumoniae infection but that this is not through the function
of IL-18.

Association of IL-18 levels with KL-6. KL-6 is a mucin-like,
high-molecular-weight glycoprotein which is normally ex-
pressed on type 2 pneumocytes and on respiratory bronchiolar
epithelial cells of the lung. Since this molecule is strongly
expressed on regenerating type 2 pneumocytes, elevated levels
of KL-6 in serum (12, 14) or bronchoalveolar lavage fluid (13)
have been reported for patients with pneumonias of an inter-
stitial nature, such as idiopathic interstitial pneumonia or hy-
persensitive pneumonitis. Thus, KL-6 is a useful marker for the
disease activity of interstitial pneumonia. If the fibrotic change
of the lung is a consequence of lung fibrosis, a significant
correlation can be expected between IL-18 and KL-6. As
shown in Fig. 2, however, although elevated levels of KL-6
were found in some patients, they had no association with the
fibrotic change of the lung. Also, no correlation was found
between the levels of IL-18 and KL-6 (» = 0.06, P > 0.1, n =
11, Pearson’s correlation coefficient).

IL-18 in serum and CSF. Next we investigated serum and
CSF samples from patients with CNS complications for levels
of IL-18. As shown in Fig. 3, CSF IL-18 levels were below the
detection limit in seven samples and only slightly above the
tentative CSF normal upper limit of 260 pg/ml in seven sam-
ples (at maximum, 377 pg/ml), out of a total of 27 CSF samples.
Moreover, the fact that there was a close correlation between
the IL-18 levels in serum and CSF (r = 0.90, P < 0.001,n = 14,
Pearson’s correlation coefficient) strongly suggested that IL-18
in CSF was a result of simple diffusion from serum. There was
no association between the levels of CSF IL-18 and CSF-PCR
positivity (data not shown). These results suggested that levels
of IL-18 in CSF are of virtually no pathognomonic importance.
On the other hand, three patients with pneumonia, one with
early-onset encephalitis and two with late-onset encephalitis,
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FIG. 3. Levels of IL-18 in patients with CNS complications due to M. pneu-
moniae infection. Early-onset encephalitis is defined as a CNS disease onset of
=7 days from the onset of fever; late-onset encephalitis is defined as a CNS
disease onset of =8 days (22). @, with pneumonia; O, without pneumonia. A
solid line within the same kind of samples and a dotted line between serum and
CSF samples indicate that the samples were from the same individual. The
broken lines at 12.5 and 260 pg/ml denote a minimal significant level of detection
and the normal upper limit of IL-18 in serum, respectively.

showed a substantial increase in serum IL-18 levels, exceeding
1,000 pg/ml.

Interestingly, only these three patients had both disturbance
of consciousness and seizures. These results suggested that
IL-18 may be associated with systemic, but not with intrathecal,
inflammatory responses in CNS complications. There was no
association between the levels of serum IL-18 and serum-CSF
PCR positivity (data not shown).

IL-18 in pneumonia associated with other respiratory infec-
tions. Levels of IL-18 in serum or PF samples from patients
with viral infections are shown in Table 3. Serum levels of
IL-18 were distributed widely within the same kind of viral
infection, and a consistent tendency could not be found in
relation to the disease severity or duration of illness. Although
one PF sample of Ad type 7 infection (case Ad-6) showed an
increase in the IL-18 level which was comparable to those of
the cases with fibrotic change during M. pneumoniae infection,
this patient did not have the fibrotic change or any other
remaining abnormality.

DISCUSSION

To date, some clinical as well as experimental studies have
focused on cytokines as candidates responsible for the mech-
anism of cell injury by M. pneumoniae or as markers of disease
severity in M. pneumoniae infection. These include studies with
TNF-a (1, 11, 28), IFN-« (20, 21), IFN-y (20, 28), IL-13 (11,
28), IL-2 (11, 28), IL-6 (11, 28), and IL-10 (28). Previous
studies revealed that various cytokines are certainly induced
during M. pneumoniae infection and that mycoplasmal cell
components contain a potent inducer(s) of cytokines different
from but comparable to bacterial lipopolysaccharides (1, 32,
33). However, conclusive evidence that a certain cytokine is
responsible for a certain clinical picture of M. pneumoniae
infection has not been obtained, due to the complexity of the
cytokine network and possibly due to the fact that the above-
listed cytokines do not actually play a pivotal role in disease
development in M. pneumoniae infection. In this respect, our
results concerning PF must have different meanings.
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TABLE 3. Levels of IL-18 in serum or PF samples from pneumonia patients with viral infections

Age (yr, except . . b Presence of Presence of Kind of IL-18°

Case no. as noted) Sext Kind of virus pleural effusion fibrotic change sample (pg/ml)
Ad-1 15 F Ad type 3 Absent Absent Serum 1,048
Ad-2 1 F Ad type 7 Absent Present Serum 608
Ad-3 7 mo F Ad type 7 Absent Present Serum 799
Ad-4 1 M Ad type 7 Absent Present Serum 372
Ad-5 4 F Ad type 7 Present Absent PF 833
Ad-6 1 M Ad type 7 Present Absent PF 1,391
Inf-1 3 mo M H3N2 Absent Absent Serum 212
Me-1 1 M Measles Absent Absent Serum 204
Me-2 4 F Measles Absent Absent Serum 279
Me-3 1 F Measles Absent Absent Serum 933
Me-4 5 M Measles Absent Absent Serum 858

“F, female; M, male.
® H3N2, influenza virus type H3N2.

¢ Values of >260 pg/ml can be considered significantly elevated for serum samples.

Our study concerning patients with pleural effusions at first
demonstrated that the elevated levels of IL-18 in PF but not in
serum were associated with fibrotic change of the lung on chest
roentgenography. Moreover, all of the PF samples from the
lungs with fibrotic change and elevated levels of IL-18 were
positive by PCR for M. pneumoniae DNA. It was less likely that
the effect of IL-18 on the lung was through the function of
inducing IFN-v. Other cytokines, including TNF-a, IL-6, and
IL-12, did not have any direct association with fibrotic change
like IL-18 did. These results strongly suggest that IL-18 in-
duced by M. pneumoniae cells above a certain level within the
lung cavity plays a central role in the formation of fibrotic
change.

Originally, IL-18 was reported to be produced by Kupffer
cells of the liver and activated macrophages but not by T and
B lymphocytes (26, 38). In another study, IL-18 was found to
be expressed primarily on airway epithelium and mononuclear
cells of the lungs of mice (3). On the other hand, according to
previous histological studies (8, 10, 16, 17, 31), infiltrating cells
in the lungs of M. pneumoniae pneumonia patients were mainly
macrophages/monocytes, lymphocytes, and polymorphonu-
clear leukocytes, with a different order of frequency in each
report (8, 16, 17, 31). From these facts, macrophages, which
are proved to produce IL-18, are most likely to be responsible
for the IL-18 production in the lung. Interestingly, those his-
tological studies revealed that diffuse and extensive interstitial
fibrosis was rather exceptional and was observed exclusively in
one fatal case (8), and peribronchiolar type 2 pneumocyte
hyperplasia was an occasional finding (31). The latter finding is
fairly consistent with our results of an occasional increase in
KL-6 levels in PF. In this respect, a more common and re-
markable finding was intraluminal organization with fibroblas-
tic or granulation tissues within alveolar ducts (10, 16, 17, 31).
Given that the “organizing pneumonia” (the term which was
used by Rollins et al. in their excellent review [31]) of various
degrees is a common pathologic feature of M. pneumoniae
pneumonia, with or without pleural effusions, the change we
call fibrotic in this report must represent a roentgenographic
appearance mainly of the intraluminal organization with lesser
contribution of interstitial fibrosis. In this context, it is tempt-
ing to assume that IL-18 plays a central role in the recruitment
of inflammatory cells.

With regard to other respiratory infections, the results
shown in Table 3 indicate that serum IL-18 levels are in some
cases elevated in viral infections. On the other hand, the ab-

sence of remaining abnormality despite the elevated level of
IL-18 in PF in case Ad-6 suggests that the close association
between the enhanced local production of IL-18 and the fi-
brotic change of the lung is a phenomenon specific to M.
pneumoniae pneumonia with pleural effusion. An elevated
level of IL-18 in PF with the invasion of M. pneumoniae into
the pleura, which is evidenced by PCR, might be a prerequisite
for this remaining abnormality.

Lastly, although it is quite difficult within the limited amount
of available information to determine the mode of action of
IL-18, if it becomes clear, steroid therapy for severe cases of M.
pneumoniae pneumonia (8, 16) might be further warranted.

In conclusion, our clinical study clearly demonstrated that
the enhanced local production of IL-18 in the lung was closely
associated with the formation of a sustained fibrotic change on
chest roentgenography which might represent a pathological
feature of intraluminal organization. This effect of IL-18 was
not through the induction of IFN-y. In addition, serum IL-18
levels were apparently associated with systemic disease sever-
ity, such as profound brain dysfunction with seizures. Further
experimental studies will be needed to clarify which are the
IL-18-producing cells and what the mode of action of IL-18 is
in M. pneumoniae infection.
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