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Abstract

This study seeks to determine the pathogens in
respiratory specimens and blood serum
obtained from children who present with com-
munity acquired pneumonia (CAP) diagnosed
on the basis of clinical and radiological evi-
dence. The study group consisted of
46 hospitalized children aged 1–11 years.
The material for research consisted of pharyn-
geal swabs and samples of blood serum. One
hundred and thirty eight pharyngeal swabs
were examined for the presence of
C. pneumoniae antigen, C. pneumoniae DNA,
and for typical pathogens. C. pneumoniae
DNA was detected in pharyngeal swabs with
nested PCR. Classical microbiological culture
was used for detection of typical bacteria.
ELISA test were used for detection anti-C.
pneumoniae and anti-M. pneumoniae
antibodies in the serum. C. pneumoniae DNA
was identified in 10.9% of children. Positive
culture for typical pathogens was observed in
8.7% of children. Specific anti-C. pneumoniae
IgM antibodies were found in 8.7% of children,

and IgG and IgA antibodies in 1 child each.
Specific anti-M. pneumoniae IgG antibodies
were found in 13.1% of children and IgM
antibodies in 1 child. We conclude that the
underlying bacterial etiology of CAP is rather
rarely conclusively confirmed in children.
Nonetheless, determining the etiology of CAP
is essential for the choice of treatment to opti-
mize the use and effectiveness of
antimicrobials and to avoid adverse effect.
Due to considerable variations in the power of
detection of the type of atypical bacteria caus-
ing CAP, the search for the optimum diagnostic
methods continues.
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1 Introduction

Pneumonia is one of the leading infectious causes
of morbidity worldwide. Lower respiratory tract
infections are one of the leading causes of death
worldwide in infants and children. Pneumonia is
defined as the occurrence of symptoms indicating
an acute infection (fever, chills, and leukocytosis)
with the involvement of the alveolar regions of
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lungs, leading to auscultatory changes, cough,
tachypnea, and hypoxia. Pneumonia is usually
confirmed by the visualization of lung densities
in radiological images (Mandell 2015). In chil-
dren, however, X-ray images may be difficult to
interpret due to uncertain radiological criteria of
diagnosis and subjective variations in the
radiologists’ assessment. Typical bacteria,
exemplified by Streptococcus pneumoniae, are
the principal contagion of community-acquired
pneumonia (CAP) in children. Recent studies
show that atypical pathogens are also important
causes of lower respiratory tract infections
resulting in mild to life threatening illness
(Basarab et al. 2014). The most common atypical
pathogens include Mycoplasma pneumoniae
(M. pneumoniae), Legionella pneumophila
(L. pneumophila), Chlamydophila pneumoniae
(C. pneumoniae), and respiratory viruses
(Cillóniz et al. 2016; Zhou et al. 2013). These
pathogens cause acute respiratory infections of
varying severity. M. pneumoniae infects both
upper and lower respiratory tract and evokes
both endemics and epidemics among children
and adults worldwide (Arnold et al. 2007). The
bacteria adhere to the host’s respiratory epithe-
lium and may be recovered from the nose, pha-
ryngeal, trachea, and sputum of an individual
with an active infection. M. pneumoniae is usu-
ally associated with mild to moderate pneumonia,
but it often causes extrapulmonary manifestations
such as encephalitis, optic neuritis, acute psycho-
sis, cranial nerve palsies, or aseptic meningitis
(Spuesens et al. 2013; Narita 2010).

It is estimated that for every 1000 infants and
children in North America and Europe, 35–40
will be affected by CAP. Viral pathogens are the
most common cause of CAP in children younger
than 2 years of age, accounting for 80% of cases
(Bradley et al. 2011). The prevalence of individ-
ual pathogens varies from country to country,
which may have to do with seasonal and geo-
graphical differences. An investigation of
children’s CAP etiology is hampered by a low
yield of blood cultures, lack of satisfactory spu-
tum specimens, and hesitancy to perform pulmo-
nary aspiration or bronchoalveolar lavage (Song
et al. 2015). Intracellular pathogens are difficult to

culture and isolate. Diagnostic microbiological
assays consists of serology, antigen detection,
and molecular methods such as polymerase
chain reaction (PCR). Currently, the essential
issue is what would be the best microbiological
method and the optimum specimen for
diagnosing CAP caused by these pathogens (She
et al. 2010). Concerning C. pneumoniae infec-
tion, serology remains the diagnostic method of
choice, although it cannot always identify current
infection and is limited by tests’ sensitivity and
specificity (Kumar and Hammerschlag 2007). It is
difficult to clinically distinguish M. pneumoniae
from C. pneumoniae infections, making the labo-
ratory tests essential for the pathogen identifica-
tion. Serological detection, although commonly
used, is complicated by false negative results in
the early acute phase of infection and the diffi-
culty in obtaining convalescent serum after short
hospital stays of 1 week or less. In the serological
retrospective diagnostics for Chlamydophila
sp. or Mycoplasma sp., it is necessary to take
blood samples 2–3 weeks apart to detect an
increase in IgG levels during a symptomatic
period and then after treatment completion
(Villegas et al. 2010). Another disadvantage of
serological tests for atypical bacteria is variable
sensitivity and insufficient repeatability of results
(Miyashita et al. 2013; Kishimoto et al. 2009).
This applies particularly to the diagnosis of
Chlamydophila sp., for which serological tests
are not recommended.

The prevalence of C. pneumoniae and
M. pneumoniae varies widely in previous studies
on CAP. PCR has been found to be highly sensi-
tive and specific in the diagnostics of acute
M. pneumoniae and C. pneumoniae infections
(Chen et al. 2013). Despite its rapidity, sensitivity
and specificity, one of the major issues with PCR
is that it cannot distinguish between colonizing
and actual pathogens. Clinical judgment should to
be exercised whenever PCR is used (Padalko
et al. 2013). Infections with these atypical
pathogens do not respond to beta-lactams, which
raises concern due to possible serious
complications. Macrolides and quinolones remain
the best empirical treatment due to good antimi-
crobial activity and high intracellular

66 A. Jama-Kmiecik et al.



concentrations. Although antibiotic resistance
concerning these pathogens does not currently
represent a clinical problem in the majority of
settings, recent studies from Asia and some
European countries report the isolation of
M. pneumoniae strains resistant to macrolides,
suggesting a need to monitor these pathogens
(Principi and Esposito 2013; Li et al. 2009).
Therefore, the aim of this study was to investigate
the presence of a variety of pathogens in respira-
tory specimens and sera obtained from children
who present with pneumonia based on clinical
and radiological evidence.

2 Methods

The study included 46 patients (16 girls, 30 boys)
with pneumonia, aged from 1 to 11 years (mean
4.6 � 3.2 years). The children were hospitalized
in the First Department and Clinic of Pediatrics,
Allergology and Cardiology of Wroclaw Medical
University in Poland. Clinical and epidemiologi-
cal characteristics of the study group are
presented in Table 1.

The diagnosis of pneumonia was based on
physical symptoms such as wheezing, tachypnea,
chest retractions, abnormal auscultatory findings,
and on radiologic evidence of pneumonia
consisting of the presence of abnormal inflamma-
tory densities in lung parenchyma. Specimens for
microbiological investigation consisted of pha-
ryngeal swabs and blood serum, taken before
the onset of treatment. Three pharyngeal swabs
and 4 ml of blood were taken from each child.
Blood samples for clots were collected by veni-
puncture in vacuum tubes, without the addition of
anticoagulants, and were stored at �20 �C until

further use. Antibodies against C. pneumoniae
(IgM, IgG, and IgA) were detected in serum
samples using the enzyme-linked immunosorbent
assay (ELISA) (Vircell SL; Granada, Spain).
Antibodies against M. pneumoniae (IgG and
IgM) were detected using another ELISA test
(Euroimmun; Medizinische Labordiagnostika
AG, Germany). Samples with both IgM and IgG
or IgM antibody alone were considered positive
for the ongoing M. pneumoniae infection.
Samples in which only IgG was detected were
classified as signifying a past infection.

The presence of C. pneumoniae antigen was
determined in the pharyngeal swabs using
indirect immunofluorescence test (Chlamydia
Cel PN-IFT Kit; Cellabs Pty Ltd., Sydney,
Australia). This test detects fluorescent elemen-
tary bodies using two types of antibodies: anti-
chlamydial mouse monoclonal antibodies that
bind to the antigen present in the test material
and goat anti-mouse antibodies conjugated to
fluorescein isothiocyanate (FITC), which pro-
vide a color reaction with the C. pneumoniae
antigen.

To detect C. pneumoniae DNA, pharyngeal
swabs were used. The positive results of nested
PCRs were confirmed by positive and negative
DNA controls of C. pneumoniae. The main outer
membrane protein genes (ompA) of
C. pneumoniae were chosen as the amplification
target for PCR, 147 bases pair product. The
amplified products were visualized by standard
agarose electrophoresis in 2% gel stained with
ethidium bromide. In the samples containing
C. pneumoniae DNA as well as in the positive
control, a 147-bp band was detected. Nested PCR
is generally more sensitive than is single-step
PCR due to a two-step amplification and the use
of two sets of primers.

3 Results

The most common bacterial etiological factors
were atypical pathogens, which were found with
varying frequency depending on the detection
method used. Specific antibodies against
C. pneumoniae in the IgM class were detected in

Table 1 Clinical and epidemiological characteristics of
the study group

Age (years) 4.6 � 3.2

Boys; n (%) 30 (65.2%)
Girls; n (%) 16 (34.8%)
Antibiotic-treated in preceding 6 months; n
(%)

23 (50.0%)

Exacerbation of bronchial asthma; n (%) 5 (11.0%)
Immunodeficiency; n (%) 1 (2.2%)
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4 (8.7%) children, in the IgG and IgA class in
1 (2.2%) child each. C. pneumoniae antigen was
detected in pharyngeal swabs in 11 (23.9%) chil-
dren. C. pneumoniae DNA was detected in pha-
ryngeal swabs in 5 (10.9%) children. Concomitant
occurrence of C. pneumoniae antigen in indirect
immunofluorescence test and genetic material in
PCR was observed in 2 children. Likewise, con-
comitant occurrence of C. pneumoniae antigen in
pharyngeal swabs and specific antibodies against
C. pneumoniae in IgM class in the serum was
found in 2 children. There was no case of the
concomitant occurrence of C. pneumoniae antigen
and both IgG and IgA antibodies. Finally, concom-
itant occurrence of C. pneumoniae DNA and IgM
antibodies was found in 1 patient. Antibodies
against M. pneumoniae in the IgM class were
found in 1 (2.2%) child and in the IgG class in
6 (13.1%) children. Classical microbiological
cultures showed the presence of pathogenic bacte-
ria in 4 out of the 46 (8.7%) children. In 3 cases,
Staphylococcus aureus was detected and in 1 case
Pseudomonas aeruginosa (Table 2).

4 Discussion

CAP in children occurs most often below 5 years
of age with an annual incidence between 36 and
46 cases per 1000, which clearly decreases in older
children, amounting to approximately 16 cases per
year per 1000. According to a large retrospective
Finnish study, most children under 5 years of age
with CAP and about half of those over 5 years of
age are treated in a hospital. In highly developed

countries, mortality due to CAP in children under
15 years of age was approximately 0.1 per 1000
cases at the beginning of the 1990s and it mainly
concerned children with the accompanying
chronic diseases (Principi and Esposito 2011).

Worldwide, three atypical pneumonia agents
such as M. pneumoniae, C. pneumoniae, and
L. pneumophila are each responsible for
10–30% of pneumonia in children. Determining
the etiology of pneumonia raises many difficulties
due to low efficacy of routine diagnostic methods
and colonization of the respiratory tract by poten-
tially pathogenic bacteria whose identification is
not necessarily tantamount to their being the etio-
logical factor of pneumonia. In addition, it may be
hard to obtain diagnostic material from young
children, such as sputum or lung biopsy
specimens, which would enable a verifiable deter-
mination of the etiology. According to the litera-
ture, atypical pathogens, especially
M. pneumoniae and C. pneumoniae, could be
considered co-infective agents in severe pneumo-
nia, significantly enhancing the severity of pneu-
monia. The study of Huong et al. (2014) have
demonstrated that mixed typical bacterial-viral
infections occur in less than one half of cases. In
that study, 722 children, hospitalized with com-
munity acquired pneumonia, were recruited.
Atypical pathogens were detected in 215 children.
M. pneumoniae was detected in 190/215 cases
(88.4%), and in 181/190 (95.3%) cases the detec-
tion was done by PCR, in 148/190 (77.9%) cases
by ELISA-IgM, and in 139/190 (73.2%) cases by
both PCR and ELISA. C. pneumoniae was

Table 2 Microbiological results of pharyngeal swabs and serum investigation in children with pneumonia

Etiological factor Material Method Positive results; n (%)

C. pneumoniae Pharyngeal swabs Indirect immunofluorescence 11 (23.9)
Sera Serology

IgM 4 (8.7)
IgG 1 (2.2)
IgA 1 (2.2)

M. pneumoniae Pharyngeal swabs Nested PCR 5 (10.9)
Sera Serology

IgM 1 (2.2)
IgG 6 (13.1)

Typical bacteria Pharyngeal swab Classical microbiological culture 4 (8.7)
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detected in 13/190 (6.8%) cases, and in 7/13
(5.4%) cases the detection was done by PCR.

M. pneumoniae, C. pneumoniae, and
L. pneumophila belong to intracellular bacteria
that are common causes of CAP. These bacteria
cannot be easily or at all cultured in typical media
and respond to macrolide treatment rather than
beta-lactam antibiotics. There are considerable
and changeable regional variations in the reported
incidence of CAP induced by the intracellular
bacteria, which may be due to diagnostics
difficulties. The ELISA-based serological detec-
tion of C. pneumoniae-related IgA, IgG, and IgM
antibodies often yields false-positive and false-
negative results. In addition, the evaluation of
paired serum samples taken at 4–8-week intervals
is usually necessary for the diagnosis of
C. pneumoniae infection. Thus, serology
provides a rather late, retrospective diagnosis.
Recently, detection of C. pneumoniae using
PCR has been introduced into clinical practice.
However, the diagnosis is often confounded by
the nasopharyngeal carriage or colonization of the
upper respiratory tract, or a low grade chronic
infection by C. pneumoniae (Gaydos 2013). One
reason for the difficulties in detection of
C. pneumoniae may be differences in specimen
sampling and detection procedures. Another lies
in the lack of standardized diagnostic
microbiological testing procedures for
routine use.

Herrera et al. (2016) have carried out a study in
49 children hospitalized for radiologically con-
firmed lung inflammation. The age of the children
varied from 1 month to 17 years. The specimens
examined included nasopharyngeal swabs, spu-
tum, and serum. The IgM and IgG anti-
M. pneumoniae and IgG anti-C. pneumoniae
antibodies were detected in the sera. Blood
samples were collected again after 4 weeks to
capture the eventual increase in the antibody titres.
Twenty one samples were positive for
M. pneumoniae and 6 samples were positive for
C. pneumoniae. Six serologically positive samples,
2 for M. pneumoniae and 4 for C. pneumoniae
were also detected in the control group without
symptoms of CAP. Multiplex PCR (mPCR)
provided a different number of positive results.

M. pneumoniae was detected in 25 specimens;
7 samples of nasopharyngeal swabs and 18 samples
of induced sputum. No amplification was observed
concerning C. pneumoniae. The authors compared
the mPCR results with the amplification results
obtained with the use of commercial PCR kits.
The latter provided positive results for
M. pneumoniae in just 13 of the children, i.e.,
about one half of those positively tested with
mPCR. The lack of amplification concerning
C. pneumoniaewas confirmed. Those authors con-
clude that serology, in some aspects, may provide
more positive results of infection with intracellular
bacteria than PCR techniques. They also find that
induced sputum is superior to nasopharyngeal
swabs as material for PCR testing that, overall, is
characterized by lower sensitivity than is serology.
Nonetheless, nucleic acid amplification techniques
are currently considered faster, more sensitive, and
more specific than cultures or serology. However,
the risk of contamination and difficulties in
interpreting positive results as a disease or just
bacteria colonization are the main limitations.

Chen et al. (2015) have investigated 1204 chil-
dren with CAP, using an indirect immunofluores-
cence technique of Pneumoslide IgM (Vircell-
slide; Granada, Spain) that makes it possible to
simultaneously diagnose 9 viral and atypical bac-
terial pathogens in serum samples. Those authors
reported the presence of 624 (51.8%) positive
findings. The most predominant pathogen was
M. pneumoniae, with a positive percentage of
40.8%. The pathogens ranked in second to fourth
place were influenza B virus, parainfluenza 1, 2,
3 virus, and respiratory syncytial virus, with the
positive percentage of 7.1%, 4.8%, and 3.3%,
respectively. C. pneumoniae was found in
4 (0.33%) children.

Kumar et al. (2016) have examined 100 chil-
dren, aged from 2 months to 12 years,
hospitalized for pneumonia. The specimens
consisted of nasopharyngeal aspirates for the
analysis of C. pneumoniae by a PCR method
and serum for the detection of IgM and IgG
anti-C. pneumoniae by an ELISA test (Calbiotech
Inc., CA). Serological evidence of C. pneumoniae
infection was overall found in 12 (12.0%) chil-
dren, with specific IgM antibodies in acute phase
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of the disease detected in 10 (83.3%) children,
and specific IgG antibodies in both acute and
paired sera in 2 children (16.7%).
C. pneumoniae DNA was detected in 5 (5.0%)
patients; 4 of which corresponded to the serology
proven C. pneumoniae infection. Thus, nested
PCR and ELISA detected C. pneumoniae alto-
gether in 13 (13.0%) children.

The findings of the present study interlace well
other previous studied above outlined pointing to
considerable variations in the detection of type
and in frequency of atypical bacteria causing
CAP. We found a rather dismal, less than 25%
detection rate of a pathogen in the children popu-
lation consisting of 46 children with symptoms
compliant with the possibility of CAP. In case of
M. pneumoniae, nested PCR and serology tests
were on par in terms of the ability to identify the
pathogen. For C. pneumoniae, the diagnostic
method used seemed of a greater meaning, as
the immunofluorescent test identified the patho-
gen in twice as many cases as the serology tests.
We failed to find any conclusive difference
concerning the specimen used for the identifica-
tion, be it pharyngeal swabs or blood serum.
However, the interpretation of the findings was
hampered by the paucity of the identified patho-
genetic causes of infection.

There are considerable variations in the epide-
miology of atypical pneumonia pathogens
reported in the literature, which might be explica-
ble by different age of populations studied and by
geographical and season differences. There are
also inconsistencies in the availability and type
of microbiological investigations used, all of
which may add to the possible underestimation
of the burden of contagions inducing CAP
(Padalko et al. 2013; Burillo and Bouza 2010).

In conclusion, although the understanding of
the etiology of CAP has improved, the infection
still remains a significant cause of morbidity and
mortality. There is a need for better diagnostic
tools that would enable a rapid identification of
pathogens and for potential markers of bacterial
resistance in order to use antimicrobials as expe-
ditiously and judiciously as possible. Many
patients with CAP do not have an etiologic path-
ogen promptly enough identified after admission

to the hospital or indeed at all. The use of empiri-
cal antibiotics has removed the emphasis on the
diagnostics of CAP, but this may be changing.
The importance of rationalizing the antibiotic use
and the public health implications for some of the
atypical pathogens, e.g., the plausible role of
C. penumoniae in sclerosis multiplex or coronary
artery disease (Conklin et al. 2013; Cunha 2006),
are drivers for the development and emergence of
rapid diagnostic tests.
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