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Abstract

Background. Mycoplasma pneumoniae is an important cause of upper and lower respiratory tract infections.
Cough and tracheobronchitis are the commonest features of M. pneumoniae infection but diagnosis based on
clinical symptoms that may be due to other respiratory pathogens is impossible. Thus laboratory testing for
M. pneumoniae is particularly important. Correct and rapid diagnosis of M. pneumoniae infections is of prime
importance to introduce appropriate antibiotic treatment.

Objectives. Evaluation of the incidence of IgM and IgG antibodies specific to M. pneumoniae among children with
pneumonia and/or chronic cough.

Material and Methods. Serum samples from 148 children with a history of chronic cough (lasting at least one
month), recurrent respiratory tract infections, allergic rhinitis, and/or inflammatory changes on X-chest ray. First,
all sera were screened for specific anti-M. pneumoniae antibodies using agglutination test following the detection
of specific IgM and IgG anti-M. pneumoniae antibodies using immunoenzymatic assays.

Results. Out of the 148 serum samples, 57 (38.5%) gave positive screening results. However, the presence of
M. pneumoniae-specific IgM and/or IgG antibodies was confirmed by immunoenzymatic assays in only 30 (52.6%)
of these 57 positive samples. These results indicated that in as many as 27 (47.4%) out of the 57 serum samples
screened, false-positive results occurred.

Conclusions. Evaluation of acute- and convalescent-phase sera is necessary to make possible accurate interpreta-

tion of the serological testing results (Adv Clin Exp Med 2014, 23, 2, 185-190).
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Mycoplasma pneumoniae (M. pneumoniae)
belongs to the family Mycoplasmataceae, order
Mycoplasmatales and class Mollicutes. All mem-
bers of the class Mollicutes, including M. pneu-
moniae, characterize the lack of a cell wall, mak-
ing these microorganisms resistant to B-lactam
antibiotics that inhibit bacterial cell wall synthe-
sis. Moreover, the lack of a rigid cell wall confers
pleomorphic nature of these organisms, inabili-
ty to stain with Gram dyes and their substantial
susceptibility to desiccation. Mycoplasmas be-
long to the smallest microorganisms capable of
a cell-free mode of living. Their small size allows
mycoplasmas to pass through 0.45 pm pore size

filters and make them undetectable by light mi-
croscopy [1, 2].

There are several Mycoplasma species inhab-
iting a human’s respiratory and urogenital tract
(Fig. 1). Although all these species can colonize
mucosal surfaces only some of them are involved
in respiratory and urogenital tract infections in hu-
mans. Mycoplasmas belong to extracellular patho-
gens but require close association with host cell to
survive. A complex, specialized attachment organ-
elle with most prominent P1 cytoadhesin enable
mycoplasmas to reside on epithelial surfaces and
protects them from mucocilliary clearance. Ac-
cording to Rottem [3] close contact with the host
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M. buccale M. fermentans
M. faucium M. hominis
M. fermentans M. genitalium
M. lipophilum M. penetrans
M. orale M. primatum
M. salivarium M. spermatophilum
M. primatum Ureaplasma
M. pneumoniae urealyticum
U. parvum

Fig. 1. Species of Mycoplasmataceae family inhabiting
mucosal surfaces of the respiratory and urogenital tract
in humans [1]. Species involved in human infections
are marked in bold

cell facilitates M. pneumoniae to fuse with and en-
ter host cells establishing later or chronic infec-
tions, although the extent to which the organism
invades the host cells in vivo is not known.

M. pneumoniae is an important cause of up-
per and lower respiratory tract infections as well as
awide spectrum of extrapulmonary manifestations,
involving almost all organs of the human body and
including neurological (e.g. M. pneumoniae is an
important antecedent to Guillain-Barre syndrome,
cranial nerve palsy, cerebellar ataxia, polyradic-
ulopathy), hepatic, renal (e.g. IgA nephropathy,
acute glomerulonephritis, renal failure) cardiac
diseases, hemolytic anemia, polyarthritis, erythre-
ma multiforme or Stevens-Johnson syndrome. Al-
though most commonly M. pneumoniae infections
occur among children 5-15 years of age, they can
be involved in diseases in older individuals and in
children below 5 years of age [4-6]. In Poland, the
epidemiological data from the period 1994-1996
showed that M. pneumoniae caused from 2 to 16%
of all respiratory tract infections; however, the per-
centage of infections increases every 4-5 years dur-
ing epidemics and may reach even 60% [7]. Accord-
ing to surveillance data from European countries
during the autumn of 2011 there was an increase
in reporting rates of M. pneumoniae infections in
northern but not in southern Europe [8].

M. pneumoniae may account for as many as
25% of the clinical manifestations of the upper re-
spiratory tract illness. The most common mani-
festations include sore throat, hoarseness, fever,
nonproductive cough, headache, chills, coryza,
myalgia and general malaise [1, 2, 9]. Children un-
der 5 years of age are most likely to manifest cory-
za and wheezing but progression to bronchopneu-
monia is relatively uncommon in this age group.
However, M. pneumoniae may cause up to 5% of

cases of bronchiolitis in young children. In contrast,
older children are more likely to develop broncho-
pneumonia. Mild and asymptomatic infections are
particularly common in adults though broncho-
pneumonia develops in 3 to 10% of infected indi-
viduals [1]. Community acquired pneumonia due
to M. pneumoniae is usually mild and self-limit-
ing (hence term walking pneumonia) but severe
pulmonary involvement requiring hospitalization
can occur in otherwise healthy children and adults.
Pleural effusion, pneumatocele, lung abscesses,
pneumothorax, bronchiectasis, chronic interstitial
fibrosis and acute respiratory-distress syndrome
have been reported [2, 9]. M. pneumoniae-associ-
ated respiratory tract infections may promote the
exacerbation of asthmatic symptoms, which is re-
lated to the immune response against these micro-
organisms [10, 11]. M. pneumoniae infection was
found to increase the production of interleukin-4
(IL-4) and interferon gamma (IFNy), indicat-
ing a predominant Th2-like cytokine response
and creating favorable condition for IgE produc-
tion [12]. Stelmach et al. [13] have shown serum
IgE increase in children after acute infection with
M. pneumoniae. Furthermore, lipoproteins and
glycoproteins present in the cell membrane and
cytoplasm of M. pneumoniae are potent inducers
of cytokines that through their molecular mimicry
can elicit autoimmunity.

Nonproductive cough is one of the most
prominent clinical symptom of M. pneumoni-
ae infection. According to Kicinski et al. [14]
M. pneumoniae infection was confirmed in 9.4%
of 1710 children up to 6 years of age with cough-
ing as a predominant clinical symptom of pneu-
monia. Wang et al. [15] have detected M. pneu-
moniae infection among 12.9% of children with
a persistent cough. In the study we analyzed the
incidence of IgM and IgG antibodies specific to
M. pneumoniae among children with pneumonia
and/or chronic cough hospitalized in 1st Depart-
ment and Clinic of Paediatrics, Allergology and
Cardiology of the Wroclaw Medical University,
Poland.

Material and Methods

Serum samples from 148 children were ob-
tained from 1st Department and Clinic of Paediat-
rics, Allergology and Cardiology, Wroclaw Med-
ical University. The ages of the patients ranged
from 18 months to 17 years (median age, 7 years).
All patients had a history of chronic cough (last-
ing at least one month), recurrent respiratory tract
infections, allergic rhinitis, and/or inflammatory
changes on X-chest ray.
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Mycoplasma Screening Assay

First, all sera were screened for specific anti-
-M. pneumoniae antibodies. The Serodia Myco II
gelatin particle agglutination test (Fujirebio, pur-
chased from Mast Diagnostica, Poland) was per-
formed according to the manufacturer’s instruc-
tions. The test mainly measure IgM (and in a lesser
extent IgG) antibody for M. pneumoniae and is
based on the principle that gelatin particles sensi-
tized with M. pneumoniae cell-membrane compo-
nents are agglutinated by specific antibodies.

Mycoplasma IgM and IgG
Antibody by Enzyme-Linked
Immunosorbent Assay (EIA)

For detection of specific IgM and IgG anti-
M. pneumoniae antibodies the EIA-Platelia (Bio-
Rad Laboratories, Poland) was performed. The
antigen included in the test contains a high pro-
portion of membrane proteins and is enriched in
P1 cytoadhesin and some other cytoadherence-as-
sociated proteins. The test was performed manual-
ly according to the manufacturer’s recommenda-
tions. The test result was validated as instructed in
the kit manual. A specimen was considered pos-
itive for IgM antibodies to M. pneumoniae when
the absorbance value of the specimen was equal to
or greater than that of the cutoff serum specimen
included in the kit. The values of IgG antibodies
to M. pneumoniae were validated and transformed
to arbitrary units (AU) from 1 to 100 determined
with the kit standards, and the results were inter-
preted as recommended by the manufacturer. The
specimen AU values were determined from the
calibration curve and were interpreted as follows.
A value of < 10 U for a single serum specimen was
considered insignificant, a value of > 10 and < 40 U
was considered low, and a value of > 40 U was con-
sidered high.

Results

Out of the 148 serum samples, 57 (38.5%) gave
positive screening results. However, the presence
of M. pneumoniae-specific IgM and/or IgG an-
tibodies was confirmed by EIA assays in only 30
(52.6%) of these 57 positive samples (Fig. 2). These
results indicated that in as many as 27 (47.4%) out
of the 57 serum samples screened, false-positive re-
sults occurred.

Among these 30 serum samples positive
in EIA-Platelia assay, M. pneumoniae-specific
IgM antibodies were present in 6 (10.5%) serum

60

30 A

20 A

% of positive samples

Screening  EIA-Platelia

Fig. 2. The incidence of specific anti-M. pneumoniae
antibodies determined by screening test and EIA-
-Platelia assay. Out of the 148 serum samples examined
57 (38.5%) was positive, but in only 30 (20.3%) samples
the presence of specific antibodies was confirmed by
EIA-Platelia test

samples. Both, IgM and IgG antibodies were pres-
ent in 3 (5.3%) of serum samples examined (Ta-
ble 1). Taking into consideration that all these
IgM-positive samples were obtained from chil-
dren presenting symptoms of the lower respiratory
tract infection, i.e. persistent cough, an interstitial
inflammatory changes on X-chest ray, these sero-
logic assay results indicated an acute infection. As
many as 19 (33.3%) serum samples showed high
levels of IgG without the accompanying IgM. In
all these cases the interpretation of these results is
difficult as may indicate recent remote infection as
well as an acute infection. Hence, to discriminate
between acute and remote infection the second
serum sample should be examined. In 8 (14%) of
samples there were only low levels of IgG antibod-
ies, indicating a remote infection. Thus, although
all these children showed clinical signs of the low-
er respiratory tract infection, most likely M. pneu-
moniae was not the cause of these symptoms. On
the other hand, taking into consideration that
even among children re-infections may occur, the
low levels of IgG antibody may indicate anamnes-
tic response which can be confirmed by re-exami-
nation of the IgG level after two weeks. These cas-
es perfectly illustrate the importance of serological
tests in all patients with suspected mycoplasmal
pneumonia as well as the necessity to re-examine
doubtful results of serologic tests e.g. low levels of
IgG without accompanying IgM antibodies.

Discussion

Coughing and tracheobronchitis are the com-
monest features of M. pneumoniae infection, but
diagnosis based on clinical symptoms that may be
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Table 1. The incidence of positive and negative results of screening and immunoenzymatic tests

Screening Ne (%) of posi- Ne (%) of samples out of 57 sera positive in screening assay

assay tive results out

Titre of 148 sera IgM+ IgM- IgG+ IgG+ IgG- IgM+ IgM-
<40AU > 40AU IgG+ IgG-

80 24 (16.2) 1(42) | 23(95.8) | 2(8.3) 5(20.8) 17(708) | 0 15 (62.5)

160 25 (16.9) 4 (16) 21 (84) 5(20) 9 (36) 11 (44) 2(8) 10 (40)

> 160 8 (5.4) 1(12,5) | 7(87.5) | 1(12.5) | 5(62.5) 2(25) 1(12,5) 2(25)

Total 57 (38.5) 6 (10,5) | 51(89.5) | 8(14) 19 (33.3) 30 (52.6) 3(5,3) 27 (47.4)

AU - the specimen arbitrary unit values.

due to other respiratory pathogens is impossible,
thus laboratory testing for M. pneumoniae is par-
ticularly important. Correct and rapid diagnosis
of M. pneumoniae infections is of prime impor-
tance in order to introduce appropriate antibiot-
ic treatment [16].

Culture of M. pneumoniae from clinical spec-
imens is highly specific but time-consuming, dif-
ficult and relatively insensitive. Moreover, col-
onization of the upper respiratory tract by
M. pneumoniae in asymptomatic individuals has
been reported, making the clinical value of a posi-
tive culture results uncertain [17]. Therefore, lab-
oratory diagnosis of M. pneumoniae infection is
usually established through serological or molec-
ular testing. Polymerase chain reaction (PCR),
similarly to culture characterize high specifici-
ty, but low or variable sensitivity, thus PCR can-
not replace serology although, may be performed
in conjunction with serology [1, 16]. Several com-
mercial tests utilizing passive agglutination, indi-
rect immunofluorescence and immunoenzymatic
assays are available and widely used for the detec-
tion of antibodies specific to M. pneumoniae in
human sera. The complement fixation test, being
as it is unspecific and insensitive, is no longer ac-
cepted [18]. However, several factors i.e. time of
serum sample collection or patient’s age, influ-
ence on the results of serologic tests as well as on
the results interpretation. Moreover, the interpre-
tation of serological tests results is complicated
by the fact that low levels of antibody specific to
M. pneumoniae are found in sera of healthy indi-
viduals, probably because of past M. pneumoniae
infections or repeated exposures on M. pneumoni-
ae. Thus, in M. pneumoniae infection it is difficult
to set up criteria to determine acute or remote in-
fection [19, 20].

Following an initial infection, specific IgM an-
tibodies are rapidly produced, indicating acute or
recent primary M. pneumoniae infection. IgM an-
tibodies appear 7 to 10 days after infection, peak

after 3 to 6 weeks, followed by a gradual decline
over months to years [1]. However, specific IgM
antibodies do not always indicate an acute infec-
tion, as they can persist for up to a year after the
M. pneumoniae infection. In addition, IgM anti-
bodies may not be present if the serum sample is
obtained too early in the infection. Moreover, an
IgM response may be either minimal or undetect-
able when adults are infected and during re-infec-
tion [16, 18]. Thus, a negative result of IgM evalu-
ation does not exclude current infection, especially
in patients over the age of 45 years. Since children
have fewer than adults opportunities for repeated
exposures to M. pneumoniae, the presence of spe-
cific IgM antibodies has a high reliability in pe-
diatric patients with a recent infection of at least
a week’s duration, even on a single serum sam-
ple [1, 20]. The overall data showed that the fre-
quency of the carriage M. pneumoniae in symp-
tomless children is low, ranging from 4.6% to
13.5% [2].

Specific IgG antibodies appear about 2 to
3 weeks after IgM occurrence and maximal re-
sponse for IgG occur during the fifth week after
onset of disease. An elevated IgG is frequently in-
terpreted as evidence of acute infection, whereas
low levels of IgG can indicate either an early stage
of the current infection or a past illness. Howev-
er, specific IgG antibodies may remain elevated for
extended periods and thus do not discriminate be-
tween a current or remote M. pneumoniae infec-
tion. On the other hand, IgG is produced more
quickly as an anamnestic response to re-infection;
therefore, a second serum sample collected with an
interval of 2 to 3 weeks should be examined, when
a fourfold or greater increase of specific IgG titer
evidences current infection [16, 21, 22]. Unfor-
tunately, correct interpretation of tests results in
paired sera with a rise in IgG antibody titer, delays
the diagnosis.

Importantly, the serologic response may not
reach detectable levels, thus producing false-
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negative results, if a patient is successfully treated
with antibiotics early in the course of the disease.
Moreover, Uldum et al. [23] have shown that chil-
dren younger than 10 years may have negative IgG
whereas sera of children infected with M. pneu-
moniae with high IgG value may have reduced by
20 to 40% IgM reaction, causing a risk of a false-
negative IgM reactions.

Moreover, considering that many commen-
sal Mycoplasma species, commonly colonizing the
human oropharynx, can produce a cross-reaction
with M. pneumoniae antibodies, serologic test re-
sults should be interpreted with caution and in as-
sociation with clinical symptoms [1]. Mycoplasmal
adhesion molecules exhibit homology with human
CD4 and class IT major histocompatibility complex
lymphocyte proteins, which could generate auto-
reactive antibodies [1, 24]. In the study as many
as 47.4% of serum samples showed false-positive
results in a screening test, indicating that cross-
reacting antibodies are common in children and
may affect the actual number of infections detect-
ed. Although the detection of antibodies specific to
M. pneumoniae allows us to eliminate most false-
positive results, this still does not help to interpret
the serologic tests results correctly.

The analysis presented in this study of serolog-
ic tests results perfectly illustrates the difficulties in
the interpretation of the results, arising from a sin-
gle serum sample survey. In pediatric patients the
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