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Abstract

Background. Mycoplasma pneumoniae is an important etiological agent of upper and lower respiratory tract infec-
tions, mainly atypical pneumonia, in children and young adults. A specific diagnosis is important because the treat-
ment of M. pneumoniae infections with [-lactam antibiotics is ineffective, whereas macrolides or tetracyclines may
markedly reduce the duration of the illness.

Objectives. Determination of the specificity and sensitivity of routine diagnostic procedures of M. pneumoniae
using PCR and serological methods.

Material and Methods. Throat swabs and sera from children in the acute phase of atypical pneumonia were ana-
lyzed. The PCR assay was performed with the Venor Mp Diagnostic Kit (Minerva, Germany). The levels of IgM
and IgG antibodies were evaluated in serum samples using ELISA from DiaSorin, USA, ELISA from Euroimmun,
Germany, and an indirect immunofluorescence test with the BIOCHIP technique from Euroimmun.

Results. Fifty-two percent of the throat swabs were positive by PCR. Depending on the serological test used, dif-
ferent percentages of positive results (IgM or both IgM and IgG antibodies) were detected in the serum samples.
In 15% of the cases, positive results with PCR were negative in all the serological methods.

Conclusions. The indirect fluorescence test was considered the most reliable and sensitive in comparison with PCR
assay (Adv Clin Exp Med 2009, 18, 4, 337-344).
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Streszczenie

Wprowadzenie. Mycoplasma pneumoniae jest waznym etiologicznym czynnikiem zakazeri gérnych i dolnych
drég oddechowych, gtéwnie atypowego zapalenia pluc, u dzieci oraz mtodych dorostych. Postawienie trafnej dia-
gnozy jest niezwykle istotne, poniewaz leczenie zakazeri Mycoplasma pneumoniae antybiotykami B-laktamowymi
nie przynosi rezultatéw, kuracja makrolidami lub tetracyklinami natomiast znaczaco skraca czas trwania choroby.
Cel pracy. Oszacowanie swoistosci i czutosci procedur diagnostycznych stosowanych w diagnostyce zakazen
M. pneumoniae — metody PCR oraz metod serologicznych.

Material i metody. Pobierano wymazy gardta oraz surowic¢ od dzieci, w ostrej fazie infekcji zdiagnozowane;j ja-
ko atypowe zapalenie ptuc. Technike PCR wykonano z uzyciem Diagnostic Kit Venor Mp (Minerva, Germany).
Stezenia przeciwciat IgG oraz IgM z prébek surowicy oznaczono z uzyciem testu ELISA DiaSorin, USA, ELISA
Euroimmun, Germany, test immunofluorescencji posredniej przeprowadzono uzywajac zestawu Biochip technique
(Euroimmun, Germany).
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Wiyniki. Dla 52% przypadkéw wymaz6w z gardta zbadanych technikg PCR uzyskano wynik pozytywny. W zalez-
nosci od rodzaju uzytego testu serologicznego, uzyskano rézny odsetek wynikéw dodatnich (dla przeciwcial IgM
lub przeciwciat IgM oraz IgG) w zbadanych prébkach osocza. Dla 15% przypadkéw uzyskano pozytywne wyniki
testu PCR i negatywne wyniki z uzyciem wszystkich metod serologicznych.

Whioski. Test immunofluorescencji posredniej okazat si¢ najbardziej wiarygodny i czuly w poréwnaniu z techni-

ka PCR (Adv Clin Exp Med 2009, 18, 4, 337-344).

Stowa kluczowe: Mycoplasma pneumoniae, PCR, diagnostyka serologiczna.

Mycoplasma pneumoniae is an important etio-
logical agent of community-acquired infections of
the upper and lower respiratory tracts, mainly
atypical pneumonia, in children and young adults
[1-3]. M. pneumoniae has been reported as the
cause of 10-20% of pneumonia cases in hospital-
ized and 20-40% in ambulatory pediatric patients
[4-6]. This pathogen has also been associated with
non-respiratory diseases such as meningitis, ence-
phalitis, pancreatitis, and arthritis [7—10].

A specific diagnosis is important because the
treatment of M. pneumoniae infections with [3-lac-
tam antibiotics is ineffective, whereas macrolides
and tetracyclines may markedly reduce the dura-
tion of the illness [11-13]. The standard laborato-
ry methods for the diagnosis of M. pneumoniae
infection have been culture and serology. Using
culture, the diagnosis of this microorganism is dif-
ficult because culture is specific but slow (it may
require three weeks for the results) and insensitive.
Therefore the diagnostics is usually based on sero-
logical methods. Serological diagnosis has con-
ventionally been made by the complement fixation
(CF) test, which measures immunoglobulins
M and G, but it does not determine the classes of
antibodies. The CF tests are time-consuming, have
frequently demonstrated a lack of sensitivity, and
also have a tendency to give false-positive reac-
tions with some cross-reactive antibodies [14, 15].
Alternative serological procedures, such as com-
mercial enzyme immunoassays (EIA) and indirect
immunofluorescence, require the demonstration of
a rise in antibody titer or the detection of a differ-
ent class of immunoglobulin, mainly IgG and IgM
antibodies. These serological methods also give
false-positive or false-negative results and the
diagnosis is often retrospective [16]. Sometimes
the results are difficult to interpret and do not
allow the rapid application of an effective treat-
ment. IgM antibodies in adult serum does not
always indicate a current infection because in
some cases IgM has been shown to persist for up
to one year after infection. In addition, the IgM
response is either minimal or undetectable in some
cases of re-infection with M. pneumoniae [15-18].

It is generally difficult to establish criteria for
a “gold standard” to detect acute or remote M. pneu-
moniae infection. Molecular techniques, especial-

ly polymerase chain reaction (PCR), have recently
become optional methods for the rapid detection
of M. pneumoniae in clinical specimens. PCR
methods allow detecting Mycoplasma DNA in
direct materials from patients with high sensitivity
and specificity and the results always suggest cur-
rent infection [19-22]. Thus the aim of this study
was to compare serological procedures used in
routine diagnostics (enzymatic and fluorescence
assays) and PCR, which is currently the most reli-
able and sensitive method applied in M. pneumo-
niae diagnostics.

Material and Methods

Material from 100 children 5-14 years of age
hospitalized at the Department of Pediatrics,
Allergology, and Cardiology of the Wroclaw
Medical University due to atypical pneumonia
were analyzed. There was also a specific ambula-
tory control group consisting of 30 children diag-
nosed with throat infection at the “ALAB”
Laboratory of the Microbiology Department.
Serum samples for antibody testing and throat
swabs for PCR were obtained from the children
with acute infection. Due to difficulties with the
choice of a control group of healthy children, the
selection of hospitalized children to study was
very precise. Atypical pneumonia without auscul-
tatory symptoms, mild fever, and characteristic
RTG were diagnosed in all the patients. Typical
pathogens (S. pneumoniae, H. influenzae, K. pneu-
moniae) were also excluded. The levels of IgM
and IgG antibodies were evaluated in the serum
samples using two different enzyme immunoas-
says (EIAs) and an indirect immunofluorescence
test with the BIOCHIP technique.

PCR: VenorMp Diagnostic Kit,
Minerva Biolabs, Germany

The PCR test, validated by the European in
Vitro Diagnostic Directive, ensures a qualitative
determination of infection level. The test is almost
100% specific, determined through the clinical
evaluation of primers which exclusively amplify
Mycoplasma pneumoniae subtypes I and Il encod-
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ing the P1 adherent protein. Because of the very
highly specificity, electrophoretic analysis is the
only necessary post-PCR step needed to evaluate
the results. It is reliable with as little as 1-5
Mycoplasma pneumoniae particles per sample.
The reliability of the test is guaranteed by the
internal control (PCR quality check), i.e. a 263-bp
sequence of the HTLV-I-tax gene. There is a posi-
tive control included, i.e. a DNA fragment of M.
pneumoniae prepared by PCR, to verify results.
Templates for PCR analysis were prepared by
DNA extraction from the material obtained by
washing out throat swabs using a manual method
with guanidine isothocianiate. Similar effects were
obtained using a very simple thermal method in
which the material obtained from the swabs was
heated to 94°C for 10 minutes [20] and Qiagen
DNA kits. Preparation of the PCR samples,
dNTPs, buffer, polymerase, and internal and posi-
tive control concentrations are specified by the
producer. The temperature profile is also given.
Amplified products are separated and visualized
by standard agarose electrophoresis in 2% gel
stained with ethidium bromide (TAE buffer, 80 V).
In samples containing Mycoplasma pneumoniae
DNA (as well as the positive control), a 207-bp
band is detected. A successfully performed reac-
tion is indicated by a 263-bp internal control prod-
uct, although this product might not be seen in
positive samples with a high concentration of the
template competition between templates in the
PCR.

Indirect Immunofluorescence
Test: Euroimmun, Germany

M. pneumoniae infected and non-infected
cells covering the reaction areas of a BIOCHIP
slide are incubated with diluted serum samples.
The important step before detecting specific [gM
antibodies is removing IgG immunoglobulins
from the patient’s serum by immunoabsorption
(EUROSORB reagent). This is to prevent a false
IgM-positive result caused by possible IgM
rheuma factors reacting with specifically bound
IgG. False IgM-negative results brought about by
specific IgG competing with IgM for antigenic
binding sites are also avoided. Furthermore, the
immunoadsorption of IgG leads to the elimination
of rheuma factors from the sample. If the sample is
positive, specific IgM and IgG antibodies attach to
the bacterial antigens. In the second step the
attached antibodies are stained with fluorescein-
labeled anti-human antibodies and made visible
with a fluorescence microscope. Antibodies
against M. pneumoniae cause a granular to coarse
drop-like fluorescence in infected cells, mainly in

Table 1. Percentages of positive and negative samples
with all the investigated methods in the children with
atypical pneumonia

Tabela 1. Odsetek prébek dodatnich oznaczonych
réznymi metodami u dzieci z atypowym zapaleniem piuc

N =100 Percentage of samples detected as:

Method (Odsetek probek okreslonych jako:)

(Uzyta metoda) positive negative
(dodatnie) (ujemne)

PCR VenorMp — 52 48

Minerva Biolabs

Indirect Immuno- | 36 64

fluorescence

— Euroimmun

ELISA ETI-MP 32 68

— DiaSorin

ELISA - 14 86

Euroimmun

the area of the cytoplasm. If the serum sample con-
tains anti-M. pneumoniae, the same pattern is
essentially observed as for the positive control
serum. For comparison, the second BIOCHIP of
each test field is coated with non-infected cells.
Important is that in this assay the antibody titer
may be detected. The serum samples showed the
presence of IgM (titer = 10) or both IgM and IgG
antibodies (Table 2) and samples with a high titer
(> 200) of IgG antibodies (Table 3) are considered
positive (current, acute infection).

Enzyme immunoassay:
ETI-MP IgG, IgM ELISA
(DiaSorin, USA)

The antigen used in the ETI-MP test, i.e.
a purified fraction of the M. pneumoniae mem-
brane protein P1, is coated on microtiter plates.
Cover plates with serum samples diluted 1/105,
a negative control, and three calibrators (P10,
P50, P100) are incubated for 1 h at 37°C. Then
anti-human antibodies conjugated with horserad-
ish peroxidase (HRP) are added and the plates
were incubated for 1 h at 37°C. The next step is
the incubation with the substrate. After stopping
the reaction, the optical densities (ODs) of the
samples are transformed to arbitrary units deter-
mined from a calibration curve (10, 50, and 100
BU/ml). Antibody titers between 10 and 50
BU/ml are considered significant and a value >
100 BU/ml is considered a high titer. Serum sam-
ples showing the presence of IgM or both IgM
and IgG antibody in a significant titer are regard-
ed as positive.
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Table 2. Detection of M. pneumoniae 1gM and IgG antibodies by the two ELISA tests and the immunofluorescence test in

the children with atypical pneumonia

Tabela 2. Oznaczenie przeciwcial IgM i IgG anty-M. pneumoniae w réznych testach ELISA oraz w tescie immunofluores-

cencji u dzieci z atypowym zapaleniem ptuc

N =100 Percentage of serum samples detected:

(Odsetek préobek surowicy oznaczonych testem:)

ELISA DiaSorin ELISA Euroimmun Immunofluorescence

Euroimmun

Absence of IgM and IgG antibodies 57 73 51
(Brak przeciwcial obu klas)
Presence of IgM and IgG antibodies 14 14 23
(Obecnos¢ przeciwcial IgM oraz IgG)
Presence of IgM antibodies only 18 0 4
(Obecnos¢ jedynie przeciwciat IgM)
Presence of IgG antibodies only 11 13 22
(Obecnos¢ jedynie przeciwciat IgG)

Table 3. IgG antibody levels detected by the immunoflu-
orescence test in the children with atypical pneumonia

Tabela 3. Analiza stgzenia przeciwcial IgG oznaczanych
testem immunofluorescencji u dzieci z atypowym zapale-
niem ptuc

N=22 Number (%) of serum samples with
(100%) IgG antibodies only detected by
immunofluorescence

(Liczba (%) prébek surowicy

w ktérych z uzyciem testu immuno-
fluorescencji wykryto jedynie
przeciwciata klasy IgG)

IgG antibodies
with titer > 200
(Przeciwciata IgG
w mianie > 200)

9 (40%)

IgG antibodies 5 (24%)
with titer > 100
(Przeciwciata IgG

w mianie > 100)

IgG antibodies
with titer > 10
(Przeciwciata IgG
w mianie > 10)

8 (36%)

Enzyme Immunoassay:
IgG, IgM ELISA, Euroimmun,
Germany

Patient samples diluted 1/101 are incubated in
the wells of plates coated with whole cell extract
of M. pneumoniae strain FN for 30 minutes at
room temperature. Afterwards, an enzyme conju-
gate is added. After further incubation the chro-
mogen/substrate is used. The reaction is stopped
by means of a stop solution. IgG antibodies are
removed by immunoabsorption before a patient’s
serum is tested for specific IgM antibodies. The

extinction values are interpreted by calculating the
ratio of the extinction of controls to the extinction
of the calibrator (cut-off). Ratios > 1.0 are consid-
ered positive and ratios < 1.0 negative.

Results

There were 100 serum and throat swab sam-
ples from the children hospitalized with atypical
pneumonia with the characteristic clinical view. In
the ambulatory control group with throat infec-
tions, 30 samples of serum and throat swabs were
tested for M. pneumoniae.

IgM and IgG antibodies were determined in
the serum samples. Samples with both IgM and
IgG or only IgM antibody were considered posi-
tive and signifying a current M. pneumoniae infec-
tion. Samples in which only IgG was detected
were classified as considerable and signifying the
trace of past infection. A more exact analysis of
IgG presence was made with the use of the
immunofluorescence method only when a deter-
mination of antibody titer was possible (samples
with a titer above 100 were considered positive).

In the throat swabs the presence of Myco-
plasma pneumoniae DNA was determined with
the use of PCR. In positive samples both the 207-
bp and 263-bp products were observed. The 263-
bp product represents an internal control of a cor-
rect amplification process. The numbers of posi-
tive samples number determined by PCR and
serological methods are presented in Table 1.

Over 50% of the samples from the children
with atypical pneumonia were considered positive
using PCR. Using serological methods, the results
diverged. Only 15 samples (15%) were analyzed
identically using all three methods. For 36 samples



Detectability of M. pneumoniae Using PCR and Serological Methods 341

Table 4. Detection of M. pneumoniae DNA and IgM and IgG antibodies in the children of the control group

Tabela 4. Oznaczanie DNA M. pneumoniae oraz przeciwciat IgM i IgG anty-M. pneumoniae u dzieci z grupy kontrolnej

Control group PCR ELISA DiaSorin ELISA Euroimmun Immunofluorescence
(Grupa kontrolna) Euroimmun

N =30 IgM IgG IeM 1gG IgM IgG

Number of positives samples | 0 0 4 0 3 0 5
(Liczba dodatnich prébek)

the results were distinct (the presence of antibod-
ies was shown using two or one method only). Of
the serological test, the majority of positive results
(32 serum samples) was observed using the
DiaSorin ELISA test, 36 using the immunofluo-
rescence method, and 14 using the ELISA method
from Euroimmun (Table 1). As many as 14 of the
32 samples marked as positive by DiaSorin ELISA
on the basis of IgM antibody presence were con-
sidered negative using the two other serological
tests. This was probably due to false-positive
results. Simultaneously, as many as 13 samples
showing a lack of antibodies or the presence of
IgG class only by the Euroimmun ELISA test were
positive in the other two tests. These results may
be considered false negative (Table 2).

The indirect immunofluorescence method
showed the highest sensitivity and specificity of
the serological tests, especially for detecting IgG
antibodies. The advantage of this method is the
possibility of determining the exact titer of anti-
body. Due to this it is possible to specify a “current
infection” in cases when only IgG is observed.
Fourteen of the 22 samples classified as doubtful
(signifying a trace of past infection) showed a titer
of > 100 (including 9 samples with titer above
200). Undoubtedly, despite the lack of IgM anti-
bodies, such results prove a current M. pneumoni-
ae infection (Table 3). Eight samples with IgG
titers of about 10, which indicates past infection,
were classified as negative.

The sensitivity and specificity of all the sero-
logical methods with reference to the PCR method
are juxtaposed in Table 5.

In the control group there was no case of M.
pneumoniae DNA detected in the throat swabs.
There were also no anti-M. pneumoniae 1gM anti-
bodies in this group found with any of the tested
serological methods, but the presence of IgG anti-
bodies in three samples of serum was found with
those methods. In two samples, IgG antibodies
were found only by one or two serological meth-
ods (Table 4) and only in one case was the titer of
antibodies in the immunofluorescence method
higher than 200.

The amplified PCR products were visualized
by standard gel electrophoresis. A sample contain-

Table 5. Sensitivity and specificity of the serological
methods using PCR as a reference test

Tabela 5. Czutos¢ 1 swoisto$¢ metod serologicznych
w stosunku do metody PCR jako testu referencyjnego

ELISA ELISA Immuno-
DiaSorin Euroimmun | fluorescence
Euroimmun
Sensitivity | 77% 59% 87%
(Czulosé)
Specificity | 81% 76% 82%
(Swoistos¢)

ing Mycoplasma pneumoniae DNA produces
a distinct 207-bp band, as seen with the positive
control reaction. This band is absent in a reaction
performed with negative patient samples and in
the negative control. The internal control DNA
should be present in every reaction and produces
a 263-bp band. The DNA samples in a high quan-
tity of 207-bp product were also considered posi-
tive because M. pneumoniae DNA competes for
primers with the DNA internal control. The results
of the detection of different M. pneumoniae DNA
samples are presented in Fig. 1.

Discussion

The comparison of the detectability Mycoplas-
ma pneumoniae using serological methods (deter-
mining [gM and IgG antibodies in enzyme immu-
noassay and indirect fluorescence methods) and
PCR revealed significant discrepancies in the
results depending on the test used. Many reports
consider differences in the detectability of M. pneu-
moniae antibodies using different serological
tests based on the enzyme immunoassay method
[23, 16]. The credibility of these tests varies con-
siderably and depends mostly on the applied anti-
gen as well as the number of controls and calibra-
tors [18, 24]. The DiaSorin ELISA test used in the
studies, in the present authors’ previous experi-
ence, shows high sensitivity and specificity [24].
There are four controls applied in the test: three
positive and a membrane protein, P1, as antigen.
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Fig. 1. Electrophoretic discrimination of
amplified M. pneumoniae DNA isolated
from throat swabs of the children with
atypical pneumonia

internal control 263 bp

M. pneumoniae DNA 207 bp kontrola wewngtrzna 263 bp

Ryc. 1. Rozdziat elektroforetyczny
amplifikowanego DNA M. pneumoniae
izolowanego z wymazdw krtaniowych
dzieci z atypowym zapaleniem ptuc

1 2 3/|14 5 6 7 8 9 10 11 12 13 14 15 17 18

Lines 1, 18 — molecular weight marker

Lines 3, 4, 7, 8, 12, 13, 15 — positive samples

Lines 2, 6, 10, 11 — negative samples

Lines 2, 5, 9, 14 — uncertain samples (amplification should be repeated)
Line 16 — positive control with internal control

Line 17 — negative control with internal control

Sciezki 1,18 — molekularny wzorzec masowy

Sciezki 3, 4,7, 8, 12, 13, 15 — probki dodatnie

Sciezki 6, 10, 11 — probki ujemne

Sciezki 5, 9, 14 — prébki niepewne (amplifikacja powinna zostaé powtérzona)
Sciezka 16 — kontrola pozytywna z kontrola wewnetrzng

Sciezka 17 — kontrola negatywna z kontrolag wewnetrzna

However, there is no immunoadsorption stage to
eliminate rheumatoid factor and IgG antibodies
which may influence the determination of IgM
antibodies. The very high level of positive reac-
tions obtained in this test (32%, including 18%
only on the basis of IgM presence) suggests the
possibility of false-positive results. In comparison,
the Euroimmun ELISA test reveals relatively low
sensitivity according to IgM class detectability.
Taking into consideration the results using the two
other methods as well as the quite strict criteria of
patient selection (all cases with clinically demon-
strated atypical pneumonia), such a result seems to
be highly improbable. Therefore it is possible that
the immunoadsorption stage which should elimi-
nate false-positive results is improperly construct-
ed and might be responsible for removing some
specific IgM antibodies directed against M. pneu-
moniae. The presence of IgM antibodies, an
important marker of current Mycoplasma-related
infection in children, has been proven and under-
lined in many scientific publications [5, 17, 18, 23,
25]. The situation is different in adults; chronic
infection or re-infection might manifest as a high
level of class G immunoglobulins [15, 17, 26].

It has been demonstrated that the indirect
immunofluorescence test is the most reliable of the

applied methods. The proportion of positive
results corresponds with published data (24%) [1,
2, 4]. At the same time, the test kits show consid-
erably higher IgG sensitivity than enzyme immu-
noassay. The ability to determine the titer enables
the detection of current infection even if there is
a lack of IgM antibodies (Table 3). The indirect
immunofluorescence method, used quite rarely in
routine diagnosis so far, also seems specific. The
Euroimmun test is based on BIOCHIP technology.
Slides are coated with fibroblasts infected with M.
pneumoniae cells. Negative controls with only
non-infected fibroblasts enable eliminating false-
positive nonspecific results. Additional control
sera, both positive and negative, are also included.
However, this method requires some practice and
experience of the operator as well as a high-quali-
ty fluorescence microscope to interpret the result
properly. The recommended method, showing
very high sensitivity and specificity, in diagnosing
Mycoplasma infections is determining Mycoplas-
ma DNA using PCR [19-22]. The present investi-
gations performed with the throat swab method
revealed the highest percentage of positive results
(52%) (Table 1). Considering the patient group
selected (children with atypical lungs changes and
with excluded S. pneumoniae infection), such
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a result seems highly probable. The negative
results of Mycoplasma pneumoniae DNA in the
control group and lack of antibodies (especially
IgM) also seem to confirm this (Table 4).
Moreover, in this group the most common result of
throat swab diagnosed by routine inoculation was
Streptococcus pyogenes.

At the moment there are many commercial
tests available detecting M. pneumoniae DNA that
are based on PCR or real-time PCR. These tests
are, similarly to the Venor Mp, equipped with suit-
able internal controls preventing false-positive and
false-negative reactions. The commercial tests
often contain more than one pair of primers simi-
lar to sequences characteristic of M. pneumoniae
(such as P1 protein, the 16sRNA and 23sRNA
region, elongation factor Tu) [27, 22], which
improves the specificity of the test. What is more
important, with the use of a DNA-based method it

is possible to diagnose infection when there are as
few as 100 cells in the diagnostic material [28].
The available commercial PCR tests seem to have
one disadvantage, namely a lack of reagents which
could be recommended for DNA isolation.
Moreover, it has been demonstrated that the effi-
ciency of PCR depends on the DNA isolation
methods. Because the PCR results may differ
depending on the isolated amount of DNA, using
methods with diverse efficiency of DNA isolation
makes the subsequent PCR test less reliable.

In conclusion, the present investigation con-
cerning the diagnosis of M. pneumoniae infections
showed that not all commercially available sero-
logical tests are equally adequate. Moreover, the
combination of genetic and serological methods
could serve as a “gold standard”, increasing the
possibility of detecting the etiological quickly in
atypical pneumonia and thus correct therapy.
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