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ABSTRACT:  The aim of this study was to determine the relationship between the
radiological pattern of Mycoplasma pneumoniae and the level of cell-mediated immu-
nity of the host.

Computed tomographic (CT) scans of the chest and the results of the purified
protein derivative (PPD) test were studied during the acute stage of infection in 54
patients with M. pneumoniae pneumonia.  The CT findings were used to divide the
patients into two groups: one group had a predominance of nodular opacities with
a centrilobular distribution (Group N; n=29); and the other showed a predominance
of an airspace consolidation (Group C; n=25).

Forty out of 54 subjects had negative tuberculin skin tests (<10 mm induration).
The positive rate of PPD reaction was higher in Group N (13 out of 29) compared
to Group C (1 out of 25) (p=0.0005); whilst pleural effusion appeared more fre-
quently in Group C (10 out of 25) than in Group N (3 out of 29) (p=0.023).  There
was no significant difference between Groups N and C in white blood cell and lym-
phocyte counts, level of antibodies to M. pneumoniae in sera, and severity of the
disease.

These findings suggest that the characteristics of the host cell-mediated immu-
nity might influence the pattern of pulmonary lesions in M. pneumoniae infection.
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The cell-mediated immunity (CMI) of the host plays
an important role in the development of Mycoplasma
pneumoniae pneumonia (MP) [1, 2].  MIZUTANI et al. [3]
reported that the delayed hypersensitivity skin reactions
to M. pneumoniae antigen appeared to correlate with
severity of pneumonia in human MP. FOY et al. [4]
reported that MP infection in patients with immunodefi-
ciency syndrome had a lack of radiological chest find-
ings.  PUTMAN et al. [5] reported a bilateral reticulonodular
pattern when MP was associated with sarcoidosis.  These
manifestations suggest that pulmonary infiltrates of MP
might be a result of the immunological reaction of the
host.

The purified protein derivative (PPD) reaction is used
to confirm past infection by Mycobacterium tuberculo-
sis, and to determine the CMI of the host. In Japan,
most individuals have CMI to PPD due to the nearly uni-
versal bacille Calmette-Guérin (BCG) vaccination in child-
hood. Transient tuberculin anergy has been observed
(57–61%) [6, 7] during the early stage of MP.  TSUNEKAWA

et al. [7] reported that blastogenic lymphocyte response
to PPD and PPD-induced gamma-interferon (IFN-γ) pro-
duction were significantly reduced in tuberculin-negative
patients with MP. However, the relationship between
the pattern of pulmonary lesions and host CMI level in
MP has not been evaluated.

The findings of chest radiography of MP are varied;
CLYDE [8] noted four frequent patterns suggesting MP:

bronchopneumonia; nodular infiltration; plate-like atelec-
tasis; and hilar adenopathy.  Bronchopneumonia of MP
is accompanied by thickening of bronchi, streaks of inter-
stitial infiltration, and small areas of subsegmental atelec-
tasis. The changes are produced by the presence of
peribronchial inflammatory cell infiltration and intra-
luminal exudates that may obstruct bronchioles [9].
Standard (CT) and high-resolution computed tomogra-
phy (HRCT) are more useful than chest roentgenogra-
phy in evaluating the interstitial pulmonary changes,
typical of subtle lung disease and emphysema [10],
because many parenchymal structures and interstitial
changes are superimposed on the chest roentgenogram.
CT analysis of MP seems to be much more useful than
posteroanterior chest roentgenogram [11].

This study was designed to search for an association
between the radiological pattern and the host CMI in
patients with MP.  A comparison was made between the
CT patterns and the size of PPD skin test during the
acute stage of M. pneumoniae infection.

Methods

Study population

Fifty four patients (23 males and 31 females) with MP,
who visited Sapporo Medical University Hospital or



one of its branch hospitals over the period 1986–1992,
were enrolled. All patients with community-acquired
acute pneumonia who underwent CT scans and tuber-
culin skin test on the same day within 7 days from the
onset of symptoms were initially selected, excluding those
with the following conditions: 1) purulent sputum; 2)
underlying pulmonary disease, including chronic bronchi-
tis, bronchiectasis, diffuse panbronchiolitis, or pulmonary
emphysema; 3) pulmonary tuberculosis; 4) treatment with
antibiotics before the hospital visit; 5) treatment with
corticoids or immunosuppressants for other diseases; or
6) a recent negative PPD skin reaction.  Participants who
had serologically established MP were finally enrolled
in this study.  The age range was 15–67 years (mean 33
yrs).

The diagnosis of M. pneumoniae infection was con-
firmed by a fourfold or greater rise in the indirect haem-
agglutination (IHA) titre between acute and convalescent
stages, or an IHA titre of ≥320 in convalescent stage [9,
12].  This titre was assessed using a commercial test kit
(Serodia-Myco II, Fujirebio Inc., Japan).

Computed tomography

CT scan was performed within 7 days from the onset
of symptoms.  It was obtained on a CT scanner (GE-
9800, General Electric or TCT-60, Toshiba) using 5 or
10 mm collimation at 10 mm intervals, at full inspira-
tion in the supine position. CT scans were interpreted
by two thoracic radiologists without knowledge of the
clinical data.  The major CT manifestations were nodu-
lar opacities having centrilobular distribution (fig. 1), and
consolidation with an air bronchogram (fig. 2).

The severity of the nodular opacities and of the con-
solidation in all five lobes was scored as either 0, 1 or
2, with 2 being the most severe. The nodular scores
(NS) for all lobes and the consolidation scores (CS) for
all lobes were each summed to get total nodular scores
and total consolidation scores, and from these, the pati-
ents were divided into two groups. When the NS was
higher than the CS, the patient was enrolled in the
nodular opacities predominant group (Group N; n=29),

and when the CS was higher than the NS, the patient
was enrolled in the consolidation predominant group
(Group C; n= 25).

The severity of the disease was determined according
to previous studies [13, 14]. Cases with hypoxaemia
(arterial oxygen tension (Pa,O2) <9.3 kPa (<70 torr) or
who needed more than 14 days of hospitalization were
considered as having severe clinical courses.  There were
no significant differences between groups N and C as
regards age, gender, peripheral white blood cell or lym-
phocyte counts (table 1).

PPD skin reaction

Patients were injected intracutaneously on the fore-
arm with 0.05 µg·0.1 mL-1 of PPD on the same day as
the CT scan. The skin test was read after 48 h. An
induration of <10 mm in diameter was considered neg-
ative and one of ≥10 mm was considered positive [15].

Statistical analysis

All statistical analyses were performed on a Macintosh
computer using a Statview 4.0 program (Brainpower,
Calabases, CA, USA). The N and C groups were
compared in terms of age, peripheral white blood cell
and lymphocyte counts, number of affected pulmonary
lobes in CT, and sera M. pneumoniae titre.  Data were
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Fig. 1.  –  Typical computed tomography (CT) finding of nodular
opacities having a centrilobular distribution.  Nodular densities are
located at the ends of bronchioles and pulmonary arteries (Group N).
Group N: patients with nodular score higher than consolidation score.

Fig. 2.  –  Typical computed tomographic (CT) appearance of con-
solidation with an air-bronchogram (group C).  Group C: patients with
consolidation score higher than nodular score.

Table 1.  –  Characteristics of patients with Mycoplasma
pneumoniae infection

Group N Group C p-value
(n=29) (n=25)

Age  yrs 35±13 30±11 NS

Sex  M/F 13/16 10/15 NS

WBC  cells×109·L-1 7.0±2.6 7.7±3.0 NS

Lymphocyte  cells×109·L-1 1.6±8.7 1.4±0.78 NS

M: male; F: female; WBC: white blood cell count; NS: non-
significant.  Group N: patients with nodular score higher than
consolidation score; Group C: patients with consolidation score
higher than nodular score.



expressed as mean±SD and the Mann-Whitney U-test was
used to compare the quantitative variables studied.  The
groups were also compared for PPD positive rate, gen-
der, disease severity, mediastinal lymph node swelling
and pleural effusion on CT, using the Chi-squared test.
A p-value of less than 0.05 was required for statistical
significance.

Results

The results of the severity of the disease and CT mani-
festations are summarized in table 2.  There was no sig-
nificant difference in disease severity; however, Group
C had a few more severe cases than Group N (3 out of
29 vs 7 out of 25).  Pleural effusion was present in 13
out of 54 cases on CT; the effusion appeared bilater-
ally in five, on the right side in five, and on the left side
in three.  Pleural effusion could be detected in only 6
out of 13 cases when using posteroanterior and lateral
chest roentgenograms. Pleural effusion was observed
significantly more often in Group C than in Group N (10
out of 25 vs 3 out of 29; p=0.023). There was no sig-
nificant difference in the number of affected pulmonary
lobes and mediastinal lymph node enlargement when
comparing both groups.

Of the 54 patients with MP, forty proved to be tuber-
culin-negative during the acute stage of infection. As
shown in figure 3, the rate of PPD-positive reaction (≥10
mm) in Group N was significantly higher than that in
Group C (13 out of 29 vs 1 out of 25; p=0. 0005).  The
Mann-Whitney U-test also indicated a significant differ-
ence (p=0.024) between these two groups.  Maximum
values of serum IHA titre to M. pneumoniae during the
clinical course are shown in figure 4.  There were no
significant differences between Groups N and C.

Discussion

In this study, we found that the rate of positive tuber-
culin test during the acute stage of MP was higher in
patients with a chest CT scan indicating a predominance
of a nodular type of pulmonary lesion than in those with
a predominance of a consolidation pattern.  This finding
suggests that the varied radiological manifestations of
MP might reflect the current host CMI level.  PUTMAN

et al. [5] reported that the radiographic appearance of
MP in sarcoidosis showed a bilateral reticulonodular pat-
tern.  As the bronchoalveolar lavage (BAL) of sarcoidosis
is characterized by an increase of lymphocytes and an
elevated CD4/CD8 ratio [16], it is possible that the height-
ened CMI at the sites of pulmonary lesions might explain
why the occurrence of mycoplasma infection produced
a nodular pattern in the lung.

The radiological features of MP are variable, including
bronchopneumonia, plate-like atelectasis, nodular infiltra-
tion and a streaking pattern outward from the hilum [5,
8, 9], and are indistinguishable from bacterial or viral pne-
umonia [17]. We could not clearly divide the chest radio-
graphs of our patients into the above-mentioned patterns
because of the variety of findings. PUTMAN et al. [5]
reported a study of 100 patients and recognized two roent-
graphic patterns using conventional chest roentgenogram:
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Table 2.  –  Disease severity and CT findings in mycoplas-
ma pneumonia

Group N Group C p-value
(n=29) (n=25)

Disease severity
Mild course 26 18 NS

Severe course 3 7
CT findings
Number of affected lobes 2.4±1.3 2.1±1.2 NS

Mediastinal LN swelling
Yes 14 11 NS

No 15 14
Pleural effusion

Yes 3 10 0.023
No 26 15

LN: lymph node; CT: computed tomography; NS: nonsignifi-
cant.  For definition of groups see legend to table 1.
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Fig. 3.  –  Distribution of PPD results in millimetres of induration
within 7 days of onset of mycoplasma pneumonia.  The positive rate
in Group N is significantly higher (p=0.0005) than that in Group C,
using the Chi-squared test. PPD: purified protein derivative (tubercu-
lin).  For definition of Groups N and C see legend to figures 1 and 2.
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Fig. 4.  –  Distribution of maximum values of serum indirect haem-
agglutination (IHA) titre of M. pnuemoniae during the clinical course.
There is no significant difference (NS) between the groups.  For defi-
nition of Groups N and C see legend to figures 1 and 2.



the first group had segmental or lobar consolidation with
an air bronchogram (48%); and the second group showed
a bilateral reticulonodular pattern (28%); however, this
classification was crude.  In contrast, CT findings could
easily divide the cases into two groups using our classi-
fication; 13 patients showed only nodular opacity and four
revealed only consolidation. The other 37 cases had
mixed nodular opacity and consolidation patterns; how-
ever, the ratios of these two CT patterns were usually
biased clearly toward one or the other group.

We could not obtain a lung biopsy specimen in this
study.  CLYDE [9] reported that the pathology of human
MP shows peribronchial inflammatory cell infiltration
and intraluminal exudates that may obstruct bronchio-
les.  These pathological findings mimic those of a mouse
mycoplasma model. We previously reported [18] the
effect of interleukin-2 (IL-2) as a T-cell activator and cyclo-
sporin A (CyA) as a T-cell selective suppressor on pul-
monary lesions in such an animal model of mycoplasma
infection.  IL-2 treatment enhanced the level of CMI and,
simultaneously, exacerbated peribronchial lymphocyte
infiltration and accumulation of macrophages at the ends
of bronchioles; these pathological lesions were mimick-
ing nodular opacities on CT of human MP.  In contrast,
CyA treatment depressed CMI, reduced peribronchial
lymphocyte infiltration and exacerbated intra-alveolar
inflammatory cell accumulation; these pathological chan-
ges may correspond to airspace consolidation on CT of
human MP [18].  These findings supported the sugges-
tion that the pathological pattern of lung lesions in MP
might reflect the level of host CMI.

We observed that 40 out of 54 patients had negative
PPD reactions when tested in the acute phase of the
infection. Previous reports have also indicated that 22
out of 36 [6], and 25 out of 44 [7] MP patients had a
negative PPD reaction. TSUNEKAWA et al. [7] reported
that in PPD-negative MP patients the number of peri-
pheral blood T-lymphocytes was not significantly lower,
but blastogenic lymphocyte response to PPD and PPD-
induced IFN-γ production were significantly reduced
compared with PPD-positive patients.  LAGRANGE et al.
[19] suggested that cutaneous tuberculin anergy could
result if the number or activity of circulating committed
T-cells was depressed, and cutaneous anergy has been
demonstrated to result from circulating suppressor cell.
Previous data support the role of the suppressor cells,
monocytes or macrophages in impairing CMI reactivity
and delayed hypersensitivity to PPD at sites distant from
the active focus, without inhibiting the appropriate response
in the area of inflammation [15, 20].  These theories are
supported by a study of lymphocyte subsets in peri-
pheral blood and BAL in MP patients [21]; the number
of CD4+ lymphocytes and the CD4/CD8 ratio was
decreased in peripheral blood, whilst on the other hand,
an increase of activated T-cell and an elevated CD4/CD8
ratio were found in BAL.

In conclusion, our study suggests that the CMI of
patients with M. pneumoniae pneumonia might influence
the radiographic pattern of the pulmonary lesions.
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