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We aimed to investigate the frequency of Mycoplasma pneumoniae among
atypical pneumonia of childhood that is acquired from the community and to
determine a practical approach to the diagnosis of these patients.

In this prospective study, 55 patients (31 male and 24 female) with atypical
pneumonia were investigated with conventional laboratory and radiological
methods as well as culture and polymerase chain reaction (PCR) on throat swab.
In addition, serum of the patients was tested for M. pneumoniae specific IgM.
The patients were reevaluated clinically at 3-5 days and 3-4 weeks and
serologically at 3-4 weeks. The data on patients with M. pneumoniae pneumonia
were compared with the other patients with atypical pneumonia and controls.
All patients were treated with macrolide antibiotics. The mean age of the patients
was 7.8+2.9 years. The frequency of M. pneumoniae by this method was 34.5%.
Neither clinical, laboratory, or epidemiological data nor response to macrolide
antibiotics was useful in detecting the etiology of atypical pneumonia. Diagnostic
sensitivity and specificity of IgM+IgG antibodies plus PCR on throat swab were
estimated as 100%. M. pneumoniae was an important microorganism in the
etiology of atypical pneumonia of childhood in our community. In order to prevent
loss of time with beta-lactamase antibiotics, which are usually started in severe
pneumonia, serologic tests and PCR must be done during the initial evaluation
of the patient for the reliable diagnosis of M. pneumoniae, which will increase
the chance of early and appropriate therapy.
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Mycoplasma pneumoniae infections have been
commonly reported over the past 25 years!.
Laryngotracheitis is the most common clinical
presentation of M. pneumoniae infections. The
infection is asymptomatic in 15 to 55% and
especially during infancy. Pneumonia develops
in 3 to 10% of the patients!2. M. pneumoniae,
which was the etiologic factor in 5 to 10% of
community-based pneumonia cases in the
1980s, has accounted for 20 to 30% of cases in
the past few years3-6. M. pneumoniae infections
may not be diagnosed in the majority of the
patients in our country, and there are only a
few studies in the pediatric age group. In this
investigation, we tried to determine the
incidence of M. pneumoniae infections among
patients with community-based pneumonia that
presents like atypical pneumonia with its clinical

and radiological features. Atypical pneumonia was
defined as clinical diagnosis of pneumonia with
poor correlation between the clinical findings and
chest x-ray’. The chest x-ray of these patients
showed typical patchy infiltration for atypical
pneumonia. In addition, we compared the clinical,
radiological, and epidemiological features as well
as the response to macrolide antibiotics of M.
pneumniae-positive and -negative patients with
atypical pneumonia in order to propose a practical
approach and management strategy for patients
with community-based pneumonia in an
outpatient setting.

Material and Methods

This prospective study was carried out in the
outpatient clinic of the Department of Pediatrics
at Istanbul University Faculty of Medicine
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between April 1995 and May 1996. It was
conducted with 55 patients with atypical
pneumonia and 20 healthy children as the
control group. M. pneumoniae-positive patients
were named Group 1, and negative patients
were named Group 2. A third group served as
the control group and consisted of 20 healthy
children who had no respiratory complaints
during the past month. The history and physical
findings as well as the family history and
epidemiological features, such as seasonal
variations of respiratory symptoms in the family,
were recorded. A complete blood count,
differential leukocyte count, AST, ALT, and a
chest X-ray were obtained from all patients. M.
pneumoniae was investigated with culture and
polymerase chain reaction (PCR) of the throat
swab. We used Hayflick biphasic medium in
culture technique®. Dot-blot hybridisation
method was applied to the PCR products. In
addition, M. pneumoniae specific IgM was
measured by immunocapture ELISA (Platelia,
Sanofi Diagnostica Pasteur, France), and M.
pneumoniae specific IgG was measured by
ELISA (Platelia, Sanofi Diagnostica Pasteur,
France) in the sera of all patients during the
acute phase and convalescent phase) (3rd-4th
week of follow-up period)®. Inclusion criteria
of the patients in Group 1 were defined as
follows. 1) All patients had atypical pneumonia.
Atypical pneumonia was defined as clinical
diagnosis of pneumonia with poor correlation
between the clinical findings and chest X-ray’.
The chest X-ray of these patients showed typical
patchy infiltration for atypical pneumonia. 2)
Those who had used antibiotic therapy over the
past two weeks were excluded. 3) Patients were
considered as having M. pneumoniae when a
significant increase in IgM and IgG+IgM levels
occurred between the two serum samples, and
when PCR was positive with the presence of
accompanying clinical evidence. Patients who
had only IgM antibodies against M. pneumoniae
were not accepted as M. pneumoniae
pneumonia because this positive result of IgM
might have been due to a silent M. pneumoniae
infection in the past 3-4 weeks!?. The patients
in Group 2 were also diagnosed as atypical
pneumonia, but their infections were caused by
agents other than M. pneumoniae. Sera in
Group 2 did not show any rise of M.
pneumoniae specific antibody. In the control
group (Group 3), we were able to analyze IgM

The Turkish Journal of Pediatrics ¢ October - December 2002

and IgG antibodies against M. pneumoniae at
the beginning of the study. The frequency of
M. pneumoniae positivity was compared
between Groups 1 and 2 and the control group.
In addition, Groups 1 and 2 were compared
with respect to clinical and radiological findings
as well as other laboratory findings and the
response to therapy. All patients in Groups 1
and 2 were treated with macrolide antibiotics:
erythromycin 40 mg/kg for 10 days,
clarithromycin 15 mg/kg/day for 10 days, or
azithromycin 10 mg/kg/day for 3 days. The
patients were reevaluated clinically at 3-5 days
and 3-4 weeks and serologically at 3-4 weeks.
Recovery was accepted as total absence of the
clinical symptoms. Student’s t test, chi-square
or Fisher’s exact test was utilized for statistical
evaluation. A p value of <0.05 was considered
statistically significant.

Results

The mean age of the patients was 7.8+2.9
(1.3-14) years. Seven patients (12.7%) were <5
years of age, 32 (58.2%) were 5-9 years, and
16 (29.1%) were >9 years old. The age
distribution among M. pneumoniae-negative
patients was 6 (16.6%), 17 (47.3%), and 13
(36.1%), and among M. pneumoniae-positive
patients was 1 (5.2%), 15 (78.9%), and 3
(15.7%), respectively. Although the frequency
of M. pneumoniae among 5.9-year-old patients
was higher, this difference did not reach
statistical significance.

All 55 patients in the study groups (31 male,
24 female) had serologic tests. Forty-three
patients had a throact swab for culture and
PCR. Forty-nine patients were available for a
clinical and serologic evaluation at 3-4 weeks.
Nineteen patients (19/55, 34.5%) received
diagnosis of M. pneumoniae pneumonia. The
results of the serologic tests and PCR of these
patients are summarized in Table I. None of the
patients had M. pneumoniae positive culture in
their throat swab. We could not isolated any
other agents in culture medium. Two patients
with positive IgG in non-Mycoplasma group
(Cases 19 and 25) were considered to have past
infection, because there were no increases in
IgG level, and PCR was negative (Table II).
Cases 29, 31 and 36 in the non-Mycoplasma
pneumonia group were included in this group
due to negative PCR test results according to
inclusion criteria. We suggested that all cases
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with positive PCR tests had increased 1gG
antibody levels in the convalescent period. The
mean age of the control group was similar at
8.8+3.3 (1-13) years. Three children in this
group had positive IgM (3/20,15%). However,
they did not have any clinical findings of
pneumonia and their PCR tests in throat swab
were negative for M. pneumoniae.

Among patients who were diagnosed by acute
and convalescent period serology according to
increasing level of IgM and IgG positivity, 18
(90%) had positive PCR. This ratio increased
to 100% after applying dot-blot hybridisation
method to the PCR products. The diagnostic
sensitivity of single sera IgM antibodies against
M. pneumoniae pneumonia was 76%, and
specificity was 97.1%. The positive predictive
value of this test was 95%, and the negative
predictive value was 84.6%. If positive sera
against M. pneumoniae and PCR on throat swab
were used together in diagnosis of M.
pneumoniae pneumonia in the acute period,
sensitivity, specificity, and positive and negative
predictive values increased to 100%.

Table 1. Properties of M. Pneumoniae-Positive
Patients (n:19)

3rd_4th 1st
15t Day Week Day
Age

Case#  (year) IgM  IgG IgM  IgG PCR
1 53 + + + + +
2 5.6 - - + - +
3 5.2 + 4+ + o+ +
4 9 + o+ + o+ +
5 7.8 + o+ + o+ +
6 9 + o+ + o+ +
7 10 ++ 4 ++  + +
8 8 ++ + ++ + +
9 2 - - + + +
10 5.8 - + - + +
11 8.5 + - + - +
12 7 + - 0 0 +
13 7 + - 0 0 +
14 8 + o+ + o+ +
15 5 + - 0 0 +
16 9 - - + + +
17 9 + o+ + o+ +
18 13 - - + + +
19 10 - - + + +

0 : Not analyzed.
PCR: polymerase chain reaction.
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Table II. Properties of M. Pneumoniae-Negative
Cases (n:36)

3rd_4th 1st
1st Day Week Day
Age
Case#  (year) IgM  1gG IgM  IgG PCR
1 10 - - - - -
2 10 - - - - 0
3 5.5 - - - - -
4 6.6 - - - - -
5 10 - - - - 0
6 14 - - - - -
7 11 - - - - 0
8 9 - - - - -
9 41 - - - - 0
10 13 - - - - 0
11 11 - - - - 0
12 8 - - - - 0
13 8 - - - - 0
14 5.8 - - - - 0
15 12 - - - - 0
16 8.5 - - - - -
17 53 - - - - -
18 10.5 - - - -
19 6 - + - -
20 8 - - - - 0
21 12 - - - - -
22 1.8 - - - - -
23 55 - - - - -
24 6 - - - - 0
25 1.2 - + - + -
26 12 - - - - -
27 10.1 - - - - -
28 7 - - - - -
29 3.5 - - 0 0 -
30 8 - - - - -
31 25 - - 0 0 -
32 4 - - - - -
33 8 - - - - -
34 10 - - - - -
35 8 - - - - -
36 8 - - 0 0 -

0: Not analyzed; PCR: polymerase chain reaction.

There were no differences between M.
pneumoniae-positive and —negative patients with
respect to mean age, the nature and duration of
complaints, clinical findings, or epidemiological
features (Table III). The most frequent
radiological finding was unilateral or bilateral
interstitial infiltration in both M. pneumoniae-
positive (55.5%) and —negative (54%) patients.

Although the response rate to macrolide antibiotics
was higher in Group 1 than Group 2 (94.4% vs.
80.6%), the difference was not statistically
significant. A total of six patients in both groups
did not respond to therapy (2 erythromycin, 3
azithromycin, and 1 clarithromycin).
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Table 1I1. Characteristics of Patients in Group 1 and 2 (n: 55)

M. pnecumoniac

M. pneumoniac

positive cases (n:19) negative cases (n:36) Significance

Age (mean=SD; year) 7.6+2.3 7.9+3.2 NS
Duration of complaints (mean=8D; day) 14.8x13.4 16.8x14.1 NS
Complaints n (%)

Cough (dry) 14 (74) 21 (58) NS
Cough (productive) 6 (32) 14 (39) NS
Rhinorrhea 6 (32) 15 (42) NS
Headache 9 47) 10 (28) NS
Chest pain 2 (11 6 (17) NS
Dyspnea 4 21 6 (17) NS
Nausea/vomiting 7 (37) 12 (33) NS
Anorexia 14 (74) 17 (47) NS
Weight loss 3 (16) 2 (6) NS
Fever 4 21 7 (19) NS
Myalgias/arthralgias 4 (21) 10 (28) NS
Dermatologic lesions 2 (D 2 (6) NS
Malaise 6 (32) 14 (39) NS
Wheezing 2 (11 2 (6) NS
Clinical finding n (%)

Pharyngeal erythema 13 (68) 26 (72) NS
Cervical adenopathy 1 (5 8 (22) NS
Generalized adenopathy 2 (11 3 (8) NS
Rhonchi 14 (74) 28 (78) NS
Wheezing 6 (32) 14 (39) NS
Sinusitis 7 (37) 13 (36) NS
Positive family history n (%) 11 (58) 19 (53) NS
Admission in June to January n (%) 10 (53) 17 (47) NS

NS: Not significant.

Discussion

The diagnosis of M. pneumoniae pneumonia is
done by the isolation of the microorganism by
culture from the respiratory secretions, the
detection of antigen and nucleic acids, or the
serologic tests mentioned above. Although
culture used to be the ‘gold standard’ for
diagnosis, it may take 1-3 weeks to grow the
organism, it may yield 30% false negative
results!!, and it may continue to be positive
during convalescence!?. Culture was not helpful
in our investigation either. It was known that
cold agglutinin could be positive in cases with
atypical pneumonia!3. But its diagnostic value
is limited. We did not use cold agglutinin assay
because ELISA has been the most powerful
method to search for specific IgM in recent
years!!1415 The disadvantage of this method
is that IgM cannot be detected for at least one
week after the symptoms have started and some
patients may be missed in the acute phase!%16.
If single serum analysis of IgM level is used for

diagnosis, healthy children who have had recent
M. pneumoniae infection may get
misdiagnosed. Although a second test during
convalescence covers the gap, it may only give
a retrospective diagnosis and does not
contribute to the planning of therapy. In our
study, we used immunocapture ELISA, which
was reported to be sensitive!7-29, as well as PCR,
which was proposed to be a rapid and reliable
method?!22, On the other hand, the results of
dot-blot hybridisation along with PCR are
completely parallel to the serologic tests on
double sera, and the diagnosis can be
established rapidly and reliably. These data are
similar to those of Waris et al.? who found that
ELISA when used with PCR in the acute phase
is the most rapid and reliable method of
diagnosis for M. pneumoniae. Dorigo-Zetsma
et al.22 also proposed that a combination of PCR
and complement-fixation test may cover
diagnosis of all patients. Similar to our results,
Kessler et al.2! reported that the sensitivity of
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PCR increases when used in combination with
the hybridisation technique. The frequency of
34.5% among atypical pneumonia of childhood
shows that M. pneumoniae is a common etiologic
factor in community-based pneumonia6.23.24,
Dereli et al.?* researched IgM as a diagnostic tool
for Chlamydial infections in infants. They
demonstrated that IgM antibody was positive in
12 cases among 20 culture-positive cases.
However, its frequency may be underestimated
due to utilization of a single ELISA method on
a single serum sample. It has been emphasized
in the literature that M. pneumoniae pneumonia
is being under-reported because of inadequate use
of the diagnostic tools52627, On the other hand,
a cost-benefit analysis between ELISA and PCR
test was done, and the ELISA test is cheaper than
PCR. With two repeated analyses, cost of ELISA
was only 30% of PCR cost.

Although M. pneumoniae infection is most
frequently encountered between 5 to 9 years
of age, occurrence in lower age groups has been
reported?®. The age range of our patients
coincided with this trend, and only 5% were
younger than 5 years of age. The lack of a
significant difference between the M.
pneumoniae-positive and -negative patients
within a certain age range among those with
atypical pneumonia implicates that M.
pneumoniae may be a causative agent at
younger ages as well. These data are also
compatible with the literature®2%. Until recently,
it has been thought that epidemiological
features may be helpful in presumptive
diagnosis?. However, recent studies show that
not only epidemiological, but also clinical and
radiological findings, are unhelpful in
distinguishing M. pneumoniae pneumonia from
other atypical pneumoniae or community-based
pneumonia’-26:31. Our results support this view.

Although patients with M. pneumoniae
pneumonia have responded better to macrolide
antibiotics, the difference from other atypical
pneumoniae is not significant322.32-34, Qur
results also reveal that macrolides may be good
alternatives for patients over 2 years of age with
pneumonia who can be treated as outpatients.
We suggest that cases unresponsive to
macrolides might be attributed to other agent,
such as viruses.

In conclusion, M. pneumoniae was the etiologic
agent in 34.5% of atypical pneumonia in childhood
in our community. The epidemiological, clinical,
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and radiological findings failed to distinguish the
etiology of the pneumonia. Consequently, patients
with community-based pneumonia seem to be
effectively treated with macrolides on an outpatient
basis. However, severely ill patients who require
admission need specific M. pneumoniae tests with
ELISA and PCR in order to minimize the loss of
time with beta lactam antibiotics, which are usually
the first-line treatment in this group of patients.

REFERENCES

1. Cherry JD. Mycoplasma and ureoplasma infections. In:
Feigen and Cherry (eds). Textbook of Pediatric
Infectious Diseases (4" ed) Vol. 2. Philadelphia: WB
Sadunders Co; 1998: 2259-2287.

2. Mansel JK, Rosenow EC, Smith TE Martin JW.
Mycoplasma pneumoniae pneumonia. Chest 1989;
95: 639-646.

3. Tay ST, Cheong YM. A review of the serological results
obtained in a routine diagnostic laboratory of the
Mycoplasma pneumoniae infections. Malays ] Pathol
1995; 17: 35-37.

4. Latham-Sadler BA, Morell VW. Viral and atypical
pneumonias. Prim Care 1996; 23: §37-848.

5. Hammerschlag MR. Atypical pneumonias in children.
Adv Pediartr Infect Dis 1995; 10: 1-39.

6. Block S, Hedrik J, Hammerschlag MR, Cassell GH,
Craft JC. Mycoplasma pneumoniae and Chlamydia
pneumoniae in pediatrics. Pediatr Infect Dis ] 1995;
14: 471-477.

7. Mak H. Mycoplasma pneumoniae infections. In:
Hilman BC (ed). Pediatric Respiratory Disease
Diagnosis and Treatment. Philadelphia: WB Saunders
Co; 1993: 282-285.

8. Freundt EA. Culture media for classical mycoplasmas.
In: Razin S, Tully JG (eds). Methods in Mycoplasmology.
New York: Academic Press; 1983; 127-136.

9. Waris ME, Toikka P, Saarinen T, et al. Diagnosis of
Mycoplasma pneumoniae pneumonia in children, | Clin
Microbiol 199; 36: 3155-3159.

10. Uldum SA, Jensen ]S, Sondergard-Andersen J, Lind K.
Enzyme immunoassay for detection of immunoglobulin
M (IgM) and 1gG antibodies to Mycoplasma
pneumoniae. ] Clin Microbiol 1992; 30: 1198-1204.

I1. Clyde WA. Mycoplasma pneumoniae respiratory
disease symposium: summation and significance. Yale
J Biol Med 1983; 56: 523-527.

12. Smith CB, Friedewald WT, Chanock RM. Shedding of
Mycoplasma pneumoniae after tetracycline and
erythromycin therapy. N Engl | Med 1967; 276: 1172-1175.

13. Louie EK, Ault KA, Smith BR, Hardman EL,
Quensenberry PJ. 1gG-mediated haemolysis masquerading
as cold agglutinin-induced anaemia complicating severe
infection with Mycoplasma pneumoniae. Scand ]
Haematol 1985; 35: 264-269.

14. Jacobs E, Bennewitz A, Bredt W. Antibodies in enzyme-
linked immunosorbent assays and immunoblotting.
J Clin Microbiol 1986; 23: 517-522.

——




288

15.

16.

17.

18.

19.

20.

21.

22.

23.

Oguz F, et al

Cimolai N, Cheong AC. An assessment of a new
diagnostic indirect enzyme immunoassay for the
detection of anti- Mycoplasma pneumoniae IgM. Am
J Clin Pathol 1996; 105: 205-209.

Sillis M. The limitations of [gM assays in the serological
diagnosis of Mycoplasma pneumoniae infections. J Med
Microbiol 1990; 33: 253-258.

Lieberman D, Liebermann D, Horowitz S, et al.
Microparticle agglutination veruss antibody-capture
enzyme immunoassay for diagnosis of community-
acquired Mycoplasma pneumoniae pneumonia. Eur J
Clin Microbiol Infect Dis 1995; 14: 577-584.

Echevarria JM, Leon P, Balfagon B, Lopez JA, Fernandez
MV. Diagnosis of Mycoplasma pneumoniae infection
by microparticle agglutination and antibody-capture
enzyme immunoassay. Eur ] Clin Microbiol Infect Dis
1990; 9: 217-220.

Wreghitt TG, Sillis M. A capture ELISA for detecting
Mycoplasma pneumoniae IgM: comparison with
indirect immunofluorescence and indirect ELISA. ]
Hygiene 1985; 94: 217-227.

Hirschberg L, Krook A, Petterson CA, Likerfors T.
Diagnosis of Mycoplasma pneumoniae infections by
the detection of specific IgM with a capture ELISA.
Eur J Clin Microbiol Infect Dis 1988; 7: 420-423.

Kessler HH, Dodge DE, Pierer K, et al. Rapid detection
of Mycoplasma pneumoniae by an assay based on PCR
and probe hybridisation in a nonradioactive microwell
plate format. J Clin Microbiol 1997; 35: 1592-1594.

Dorigo-Zetsma JW, Zaat SA, Wertheim- van Dillen PM,
et al. Comparison of PCR, culture and serological tests
fordiagnosis of Mycoplasma pneumoniae respiratory tract
infection in children. J Clin Microbiol 1999; 37: 14-17.

Claesson BA, Trollfors I, Brolin M, et al. Etiology of
community acquired pneumonia in children based on
antibody responses to bacterial and viral antigens.
] Pediatr Infect Dis 1989; 8: 856-862.

The Turkish journal of Pediatrics * October - December 2002

24.

25.

26.

27.

28.

29.

30.

31.

32

33.

34.

Michetti G, Pugliese C, Bamberga M, et al. Community-
acquired pneumonia: is there difference in etiology
between hospitalized and out-patients? Minerva Med
1995; 86: 341-351.

Dereli D, Coker M, Ertem E, Serter D, Tanac R, Tez
E. Chlamydial infection in infants. ] Trop Pediatr 1996;
42: 233-236.

Rizzo S. Mycoplasma pneumoniae pulmonitis: delayed
diagnosis and empirical therapy. Minerva Med 1998;
89: 99-103.

File TM, Tan JS, Plouffe JE The role of atypical
pathogens: Mycoplasma pneumoniae, Chlamydia
pneumoniae and Legionella pneumophila in respiratory
infection. Infect Dis Clin North Am 1998; 12: 569-592.

Nagayama Y, Sakurai N, Yamamoto K, et al. Isolation
of Mycoplasma pneumoniae from children with lower
respiratory tract infections. J Infec Dis 1988;
157: 911-917.

Harris JS, Kolokathis A, Campbell M, Cassell GH,
Hammarschlag MR. Safety and efficiency of azithromycin
in the treatment of community-acquired pneumonia in
children. Pediatr Infect Dis J 1998; 17: 865-871.

Bohte R, Furth R, Broek PJ. Aetiology of community
acquired pneumonia. A prospective study among
adults requiring admission to hospital. Thorax 1995;
50: 543-547.

Cimolai N. Mycoplasma pneumoniae respiratory
infection. Ped in Rev 1998; 19: 327-332.

Floret D. Role of macrolides in the treatment of
respiratory tract infections in children. Arch Pediatr
1995; 2: 1184-1191.

Klein JO. History of macrolide use in pediatrics. Pediatr
Infect Dis J 1997; 16: 427-431.

Tarlow M], Block SL, Harris J, Kolokathis A. Future
indications for macrolides. Pediatr Infect Dis J 1997;
16: 457-462.



