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Abstract

Atypical community-acquired pneumonia (CAP) is a lung infection caused by atypical bacteria. It is associated with non-
specific symptoms, the course of the disease is unusual and it poses a serious threat to patients. Even though CAP is quite 
prevalent, most cases remain undiagnosed, and clinicians rely solely on empirical therapy. The aim of this article is to char-
acterize the most frequently used methods in diagnostics of atypical CAPs and evaluate their efficacy. A literature review 
showed that most of these techniques are still under development and there is a need for standardized diagnostic algorithms 
for atypical infections. Molecular panels and serological assays have been especially emphasized as they allow for rapid iden-
tification of etiologic agents and antibiotic resistance.

Streszczenie

Atypowe zapalenie płuc (AZP) to infekcja spowodowana przez bakterie atypowe. Charakteryzuje się nietypowym przebiegiem, 
mało specyficznymi objawami, a jej powikłania mogą nieść duże ryzyko dla pacjentów. Mimo że prewalencja tej choroby jest 
wysoka, duża część przypadków nie zostaje prawidłowo zdiagnozowana i klinicyści opierają się jedynie na terapii empirycznej. 
W artykule przedstawiono metody powszechnie stosowane w diagnostyce AZP wraz z krótką charakterystyką i porównanie ich 
skuteczności. Przegląd literatury wykazał, że większość technik wciąż jest w fazie rozwoju i nie posiadamy wystandaryzowa-
nych algorytmów postępowania w przypadku atypowych infekcji. Szczególny nacisk został położony na panele molekularne 
i serologiczne, które pozwalają na szybką, skuteczną identyfikację czynnika etiologicznego oraz ocenę lekooporności. 

Introduction

Much of  the  work of  the  clinician concerns 
the  identification of  microorganisms infecting 
the  patient and instituting appropriate treatment. 
In microbiological diagnostic practice, many bac-
teria cause unusual symptoms of  pneumonia and 
are known as “atypical”. This term stems not only 
from the  non-characteristic symptoms (e.g., not el-
evated temperature, exhaustion and cough) but also 
from the biological structure of  the bacterial cell. In 
the past couple of centuries, “atypical” manifestations 
heralded the presence of “atypical” bacteria in the dis-
ease progression. Currently, advanced laboratory 
technologies allow better analysis of  the  influence 
of bacterial structure on the resulting condition. This 
review addresses the  following bacteria: Mycoplasma 
pneumoniae (Mp), Chlamydia pneumoniae (Cp) and Le-
gionella pneumophila (Lp). These were selected based 

on their frequent prevalence, yet obscure nature. The 
aim of this article is to summarize the knowledge on 
current diagnostic tools and provide an introduction 
to the  diagnostics of  atypical pneumonia infections 
for clinicians. 

Mp lacks a cell wall, contains a small genome and 
has limited biosynthetic pathways – all of these make 
Mp hard to cultivate and diagnose. The pathogen has 
a  destructive impact on the  airway epithelium as it 
promotes apoptosis and ciliostasis [1]. Mp uses many 
pathogenic factors such as hydrogen peroxide and su-
peroxides to colonize tissues. These chemicals induce 
internal stress in tissues and organs, leading to gen-
eral failure or dysfunction [2].

Cp is a Gram-negative bacterium, producing a cell 
wall, but it does not contain peptidoglycan. This 
pathogen has two morphologically and functionally 
distinct forms: the  elementary body (EB) which is 
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metabolically inactive and infectious, and the reticu-
late body (RB), which is a  metabolically active form 
responsible for multiplication. The infection usually 
has a progressive course: because of the biphasic cycle 
of this bacterium, the infection first starts in the up-
per airways and it is followed by signs from the lower 
airways in about 1 to 3 weeks [3]. Cp causes chronic 
infections, while its reinfections may induce acute in-
flammation of the tissues.

Lp is a  Gram-negative, intracellular bacterium. 
There are two distinct forms of  its infection: fatal 
Legionnaires’ disease (LD) and benign Pontiac fe-
ver. Also, it activates a robust inflammatory response 
through its interactions with alveolar macrophages. 

As described above, atypical agents tend to differ 
from other well-known bacteria, due to differences 
in the structure of the cellular wall or its absence, as 
well as their small size, difficulty in cultivation, ability 
to survive intracellularly and induce a strong inflam-
matory response. These features make them difficult 
to diagnose and, coupled with Legionella’s ability to 
produce b-lactamases, resistant to b-lactams, used as 
standard treatments for respiratory tract infections. 
This poses a serious challenge to clinicians. The clini-
cal symptoms of infections caused by atypical bacte-
ria do not have distinct characteristics and they may 
often resemble those presented by pneumococcal and 
other typical infections of the respiratory tract, mean-
ing that they may easily mislead clinicians. The symp-
toms are related to the upper and lower airways and 
comprise rhinorrhoea, general malaise, sore throat, 
headache, hoarseness and non-productive cough. Fe-
ver is not always seen, and it usually does not exceed 
38°C, apart from Lp infections [4]. However, there 
are specific symptoms that could be assigned to each 
pathogen. In the  case of  Cp, the  symptoms such as 
coughing may persist for months after the  bacteria 
have been eradicated. Rarely, the disease may lead to 
sinusitis, laryngitis, and otitis media [5]. Patients with 
Mp infection may suffer from chest discomfort with 
rales and wheezes [6]. Mp can also give symptoms not 
directly connected with the respiratory system, such 
as neurologic, cardiovascular, dermatological, diges-
tive, hematological, and musculoskeletal disorders 
[7]. Lp infection may manifest as dyspnea, relative 
bradycardia and gastrointestinal problems, including 
nausea, vomiting and diarrhea. These symptoms are 
unique and can be used during the diagnostic process 
to identify infections caused by Lp. Pontiac fever is 
a non-specific disease caused by various species of Le-
gionella, including Lp, and it is characterized by fever, 
headache, chills, myalgias, nausea, vomiting, and di-
arrhea. Happily, it is a self-limiting, febrile infection, 
ending usually within 9 days. Pontiac fever should 
be considered based on epidemiologic exposure. In 
contrast with Lp infection, such as legionellosis, no 
signs or symptoms of lower respiratory tract infection 
are present [8]. Extrapulmonary infection manifests 

as panniculitis, possible myositis, and myocarditis 
in the absence of pneumonia, but it could be caused 
by species of Legionella other than Lp. Some of these, 
including cutaneous and subcutaneous Legionella in-
fections, are rare and mostly occur in immunosup-
pressed patients [9]. Generally, infections caused by 
Lp, Mp and Cp usually have a  mild course, whereas 
most Lp infections, such as legionellosis, are treated in 
the Intensive Care Unit. Cp and Mp are most often as-
sociated with muscle pain, weakness, and dry cough, 
while cases of Lp infections may lead to an acute phase 
with extrapulmonary symptoms. It is worth remem-
bering that cases should be considered individually, 
because clinical symptoms do not follow one specific 
scheme of disease progression. 

Epidemiology

A 2016 meta-analysis found the worldwide preva-
lence of  atypical pathogens in community-acquired 
pneumonia (CAPs) to be 10.1%, 2.7% and 3.5% for  
M. pneumoniae, L. pneumophila and C. pneumoniae, re-
spectively [10]. The factors associated with atypical 
CAP are younger age, female sex, and fewer comor-
bidities, and it is most often found in ambulatory 
or outpatient settings. A  few problems emerge from 
these statistical analyses: patients with CAPs are not 
routinely tested for the  presence of  atypical patho-
gens (in particular, severe cases of CAPs are left un-
diagnosed), these tests are not standardized between 
different countries and conventional diagnostic tools 
are not proficient in cases of atypical bacteria [11].

Diagnostics

Mycoplasma pneumoniae

Mp is the most frequent bacterium causing CAP so 
it has been given the primary spot. It is of great sig-
nificance to patients with asthma and any respiratory 
inflammations, such as viral infections caused by hu-
man rhinovirus (HRV), as they are more vulnerable to 
CAP [12, 13].

The “six factors classification”, also known as 
the  Japanese Respiratory Society (JRS) “diagnostic 
test”, can be used by clinicians to improve the  pro-
cess of identification of Mp. The JRS test consists of six 
characteristics to describe the  patient: 1) age under 
60, 2) no or minor underlying disease, 3) stubborn 
cough, 4) poor chest auscultatory findings, 5) no spu-
tum or etiological agent identified by rapid diagnosis,  
6) a peripheral white blood cell count (WBC) less than 
10 000/μl. When more than four of these criteria are 
positive, atypical pneumonia is suspected. Due to 
the biological characteristics of Mp, such as the diffi-
culties in culturing and specific circumstances under 
which these microorganisms need to be multiplied, 
commercially used methods are not very effective for 
diagnosis. Commonly used methods include identi-
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fication of  the presence of cold agglutinins (cold ag-
glutin test – CAT), enzyme-linked immunosorbent 
assay (ELISA), serological methods such as particle 
agglutination (PA), and complement fixation (CF). 
According to Wijesooriya et al. (2016), CAT is a  less 
reliable method of tracking Mp pneumonia than iso-
type-specific ELISA kits (IBL – Hamburg Company, 
Germany) which detect immunoglobulin G (IgG) 
and immunoglobulin M (IgM) antibodies and allow 
calculation of  seroconversion of  IgG, because of  its 
positive predictive values and lower sensitivity [14]. 
In the case of culturing Mp, it is not uncommon for 
growth in culture to take at least 3 to 4 weeks, which 
is too long for diagnosis of  a  disease. In some stud-
ies, it is claimed that bacterial growth can be hastened 
by changing the culture medium, such as by adding 
catalase [15]. However, a  better method would be 
polymerase chain reaction (PCR) typing, which can 
help to identify the particular species of Mycoplasma, 
even if the number of cells is not tremendous. Using 
serological methods, IgM antibodies can be detected 
about 1 week after the presentation of symptoms and 
IgG after 2 weeks. Their levels can reach extremes 
during the third and fourth week of illness. Moreover, 
the measurement of IgG levels in a single acute-phase 
serum specimen can lead to uncertain results, because 
some individuals have high levels of these antibodies 
throughout their whole life. For this reason, diagno-
sis of IgG and IgM has rather retrospective value. The 
standard in diagnostics that can confirm the presence 
of Mp is a 4-fold rise in antibody titer. Also, the con-
firmation requires two serum samples, taken 2 weeks 
apart, positive for both IgM and IgG [16].

In the past couple of years, rapid diagnosis of Mp 
has been the subject of many studies, but the method 
most useful in the clinical setting is yet to be found. 
So far, it has been proven that community-acquired 
respiratory distress syndrome (CARDS) toxins have 
high diagnostic value. They may be detected in se-
rum with ELISA and be used to confirm cases of Mp 
infections. However, loop-mediated isothermal am-
plification (LAMP) seems to be a  faster and cheaper 
test to detect Mp at the bedside [17, 18]. In addition, 
immunochromatographic assay using colloidal gold 
shows almost 100% sensitivity and specificity [19], 
and Ribotest Mycoplasma (another immunochro-
matographic assay which detects the ribosomal pro-
tein L7/L12) is claimed to yield positive results which 
are highly prognostic in Mp culture-positive infec-
tion; however, false-negative results are obtained in 
one-third of samples containing Mp [20]. Both above-
mentioned methods exceed those with the use of am-
plification, mainly due to the significantly shortened 
time to obtain the  result. However, if the  diagnosis 
using these rapid methods is ambiguous, multiplex 
PCR seems to be an adequate method for recognizing 
Mycoplasma species [21].  

Positive results from serology and PCR can be con-
firmed by diagnostic imaging. A study conducted in 
children in 2018 found computed tomography (CT) 
to be successful in 94% cases of positively Mp claimed 
patients. These radiological findings include hilar 
adenopathy, lobar infiltration, atelectasis and pleu-
ral effusions [22]. A study conducted in Japan found 
consolidation in chest X-ray to be a major radiologi-
cal finding in both children and adults [23]. The pro-
cess of diagnosis can also involve CT and, according 
to a  study conducted by Huo et al., the  differentia-
tion between coronavirus disease 2019 (COVID-19) 
and Mp infection can be seen [24]. COVID-19 gives 
the so-called crazy-paving signs (thickened interlobu-
lar septa and/or intralobular lines imposed on diffuse 
ground-glass attenuation) in the  dorsal outer zone 
of the lungs and Mp gives fog signs along the bronchi 
[24]. In conclusion, CT and X-ray imaging can be used 
as a support during the process of diagnosis, but nei-
ther should be used alone.  

Mp infection can also be confirmed by blood test-
ing. Although this method is not directly used in di-
agnosis, clinicians report significant changes in blood 
composition during infection. Especially, in patients 
co-infected with Sars-CoV-2 and Mp, several blood 
parameters were increased. These were: blood urea 
nitrogen (BUN), creatinine, troponin, and fibrino-
gen, as well as inflammatory markers, including in-
terleukine-6, C-reactive protein (CRP), erythrocyte 
sedimentation rate (ESR), serum ferritin, lactate dehy-
drogenase (LDH) and D-dimer [25]. Previous findings 
also confirmed that WBC count, CRP levels and lym-
phocyte count were elevated, exceeding the  normal 
range [26]. 

Mycoplasmosis is said to be a  generally self-lim-
iting disease, and so antibiotic treatment is generally 
not needed; however, in serious cases, the disease pro-
gression will result in the usage of drugs. 

Therefore, in patients who have multidrug resistant 
Mp (MRMP), tetracyclines and fluoroquinolones are 
going to be used as second-line antibiotics. The results 
of studies conducted by Kawai et al. and Wu et al. even 
indicate that fluoroquinolones are more effective in 
the therapy of Mp [27, 28]. US Food and Drug Admin-
istration (FDA) guidelines state that fluoroquinolones 
can only be prescribed to patients with complicated 
infections and for whom there is no suitable alternative 
antibiotic [29]. Tetracyclines can also be more effective 
in the treatment of macrolide resistant Mp, but there 
are several side effects of their usage [30].

Legionella pneumophila

There are almost 58 species and 80 serogroups in 
the  Legionella genus, but the  infections are mainly 
caused by the  Lp serogroup 1 [31]. It is more likely 
to cause disease in people with a history of smoking 
or chronic diseases (especially of  lungs), and those 
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older than 60 years or who may be immune compro-
mised. Faradonbeh et al. indicate that sex has only 
a very small influence on morbidity, with men being 
infected a little more often than women [32]. Drink-
ing water from unknown and uncertified sources is 
also a risk factor, because Lp dwells in watery habitats 
and hot-water systems made by humans. It is known 
that the spread of Lp has a greater impact on people in 
closed communities, such as military bases, package 
tours and tribes.  

CRP and blood sodium levels may be good diag-
nostic predictors of Legionella CAP, as well as a high 
level of LDH and high body temperature [33]. Radio-
graphic findings are various and nonspecific; howev-
er, the most common findings are patchy unilobar in-
filtrates, which can progress to consolidations. It has 
been found that during early radiographic and tomo-
graphic imaging, no significant difference in the chest 
CT scan is visible between patients with Lp and those 
with community-acquired pneumonia of other bacte-
rial origin [34].  

More specific diagnostic techniques include serol-
ogy, urinary antigen testing (UAT) and molecular ap-
proaches. Serology-based methods are not advised by 
the Centers for Disease Control and Prevention, be-
cause 20–30% of patients with confirmed LD do not 
ever seroconvert and Legionella antigens are found in 
at least 20% of healthy, adult patients [35, 36]. To con-
firm LD, a four-fold increase in antibodies is required. 
Samples should be collected 2 weeks after the onset 
of symptoms and then 3 to 6 weeks later. The most 
frequent methods include the  indirect fluorescence 
test (IFA) and ELISA. Two significant disadvantages 
of serological methods are that they do not allow dif-
ferentiation between serogroups, and they may be 
prone to cross-reactions among the Legionella family 
[37]. Currently, the most widely used method is UAT, 
and it has replaced serological testing in routine di-
agnostics. Even though it can only detect serogroup 
1 (and serogroup 6 in some cases), it still covers about 
90% of all Lp. infections, and it offers low price, rapid 
results and good reliability [38, 39]. Obtaining sam-
ples is not problematic; therefore it is recommended 
for cases of  severe pneumonia. UAT is available in 
the European Union in the form of commercial kits 
and is based either on enzyme immunoassay (quanti-
tative) or immunochromatography (qualitative). It is 
worth noting that unlike cultivation, UAT is not af-
fected by antibiotics, so it may be used freely during 
the  therapy [35]. Molecular methods for diagnosing 
Legionella CAP involve conventional PCR, reverse 
transcriptase PCR, multiplex PCR and isothermal 
amplification.  

Induced sputum has a higher yield for detection 
than nasopharyngeal aspirates and throat swabs [40]; 
however, acute cases of  legionellosis are often asso-
ciated with non-productive cough, and so it may be 

problematic to obtain samples. Research shows that 
PCR has a specificity close to 100%, but it cannot be 
used in retrospective research and the process of ob-
taining, storing and transporting specimens must 
be standardized to avoid any factors decreasing PCR 
quality [41]. Currently, there are no particular genes 
or markers for the detection of Lp. Diagnosticians typ-
ically search for the mcr gene; however, ssrA and wzm 
have also been proposed as candidates [35].  

Other, less conventional methods include direct 
fluorescent antibody (DFA), slide agglutination tests 
and monoclonal antibody-based dot-blotting (MAb 
blot). These methods allow for typing at species and 
serotype levels, and qualitative identification. Meta-
analyses show that DFA has rather low sensitivity 
(60%) and high specificity, so its performance is com-
parable with cultivation [41]. Despite this, the  tech-
nique is rapid, with results being obtained in three to 
4 h, and allows the detection of multiple Legionella se-
rotypes; however, it may be prone to cross-reactions 
if polyclonal antibodies are used and its reagents are 
not at the disposal of  all laboratories, meaning that 
its results should be treated as supportive evidence 
only [39].  

It is widely accepted that the first-line antibiotics 
for legionellosis include quinolones and macrolides. 
Several papers have shown that there is no significant 
difference in the effectiveness of the two groups; how-
ever, quinolones are associated with fewer complica-
tions [42, 43]. Recently, it has been suggested that pa-
tients with Lp infection may be treated with a single 
dose of azithromycin, applied intravenously. This ap-
proach provides comparable medical outcomes with 
standard antibiotic treatment, while avoiding certain 
risks associated with prolonged antibiotic usage [44]. 

Chlamydia pneumoniae

The diagnosis of Cp remains troublesome due to 
its biology. This intracellular pathogen causes chronic 
infections with very few symptoms; as such, clini-
cians should rely mainly on serological and molecu-
lar methods. Cp infections are associated with male 
gender, age over 60 years, smoking habits and lack 
of  spare time physical activity [45]. It has also been 
found that even though Cp is found mainly in elderly 
patients, it is the main cause of atypical CAP in chil-
dren and adolescents aged from 5 to 20 years old. 
Also, Cp is connected with chronic infections, and an-
tibodies against its antigens are found in about 80% 
of the general population. This makes differentiating 
between chronic infections and acute cases particu-
larly problematic.  

The diagnostic process may be assisted by imaging 
tests which reveal quite specific changes in the  air-
ways. X-ray may show consolidation shadows in both 
lungs, centrilobular nodules or tree-in-bud patterns, 
ground-glass opacity, alveolar infiltrate and air bron-
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chogram. Further testing with CT may also reveal 
bronchovascular bundle thickening, emphysema or 
airway dilation [46, 47]. It has been suggested that 
pulmonary ultrasonography may be used to confirm 
cases of atypical pneumonia, as it shows B lines with 
coarse and thickened pleural line points [48]. Labo-
ratory findings may be misleading, as they often do 
not show any abnormalities. However, in some cases 
chlamydial infection is associated with elevated levels 
of CRP and aspartate aminotransferase. WBC count re-
mains on a normal level or slightly decreased [49, 50]. 
Recent research has also proposed a  few novel bio-
markers of chronic Cp infections, such as interferon g 
(IFN-g) and CD4+ effector memory T-cells (TEM 
cells), bacterial nucleic acids in mucus samples and 
bacterial lipopolysaccharide (LPS); however, these 
require technically demanding methods [51]. It is 
impossible to culture Chlamydia using standard meth-
ods as it is an intracellular pathogen, so cell cultiva-
tion is required. Still, it takes 2 to 3 weeks to obtain 
the results; cultivation is technically demanding and 
is associated with unacceptably low sensitivity. Some 
reports even indicate that confirmation of positive Cp 
cases is not achievable in a standard laboratory setting 
[50]. Therefore, this method is used solely in research 
facilities. Immunohistochemical (IHC) methods are 
not favored because of the nature of the bacteria: they 
are found in the deeper layers of epithelium, so more 
aggressive sample collection would be necessary and 
the amount of ER/RB may be too low for detection.  

Currently, in epidemiological investigation and 
detection of  acute infections, the  most widely used 
method in the  microbiological diagnosis of  atypical 
CAP is serology. It is considerably cheap, fast and tech-
nically undemanding. Unfortunately, Cp pneumonias 
pose a serious challenge due to the fact that both IgM 
and IgG antibodies are produced with a significant de-
lay, so the timing of collection of specimens is crucial 
[52]. Another obstacle is the high prevalence of Cp – it 
is suspected that Cp specific antibodies may be found 
in 50–80% of the population. Currently, laboratories 
offer a few options; however, the microimmunofluo-
rescence test (MIF) is considered to be the gold stan-
dard of diagnosis, despite its several limitations. MIF 
uses purified elementary bodies to detect Cp antibod-
ies. Interpretation of the results requires expertise and 
the endpoints are subjective, which restricts the possi-
bility of regulating MIF titers and standardizing it be-
tween different laboratories. What is more, this test is 
retrospective, due to the necessity of obtaining paired 
serum samples and it is of rather low specificity, thus 
creating the  possibility of  invalid diagnosis [53, 54]. 
Its disadvantages may be overcome with ELISA, es-
pecially its multi-protein subtype. This method ex-
cludes one major difficulty, that is the cross-reactivity 
of  chlamydial proteins. Commercial ELISA antigens 
have been found to be insufficient in distinguishing 

between Chlamydia subspecies; therefore, combining 
multiple peptide antigens in anti-Cp IgG ELISA is rec-
ommended [52]. It is worth noting that certain ELISA 
assays are also reactive among Mp positive patients. 

Immunoblotting is another technique that may be 
used to confirm the diagnosis, and it has a few advan-
tages. Firstly, it allows for the simultaneous detection 
of multiple antigens, giving high sensitivity. Secondly, 
it may be used to differentiate between various im-
munoprofiles. Lastly, comparative studies show that 
immunoblotting has a similar or even better specificity 
and sensitivity than MIF [55]. One important point is 
that surface proteins of Cp are not diagnostically reli-
able [56].  

To promote rapid and easy testing, serologic 
panels have been developed, allowing for detection 
of anti-Chlamydia pneumoniae-specific antibodies IgA, 
IgG and IgM. Four are available in Europe: Hitazyme- 
ELISA, ELNAS Plate, LabSystems EIA and recombi-
nant enzyme immunoassay [57]. Even though these 
tests show positive correlation with MIF, they are 
prone to false-positive results, so clinicians should 
approach the  results with caution. It seems that se-
rologic panels are most useful as screening tests in 
the case of chlamydial outbreaks; however, more sen-
sitive techniques are preferred in non-epidemiologic 
scenarios [58]. Molecular methods surpass serology 
in one crucial aspect, which is the time to diagnosis: 
classic serologic methods require 1 to 3 weeks of delay 
in order to obtain paired serum samples and so they 
cannot be used to confirm a case and institute therapy 
ad hoc. Amplification methods may detect the patho-
gen rapidly, based on a small sample of mucus, laryn-
geal swabs or induced sputum. Also, PCR is associated 
with far better specificity (up to 95%); thus it excludes 
the possibility of cross-reactions, has a high through-
put and it enables diagnosticians to establish objective 
cutoff points [59]. On the  other hand, amplification 
methods are susceptible to contamination and do not 
allow one to properly differentiate ongoing infections 
from colonizations. While real-time PCR is the  rec-
ommended method, multiplex PCR seems to be more 
practical in a clinical setting, as it allows for simulta-
neous detection of  several CAP-related bacteria, and 
it is available in the  form of commercial kits, which 
may be freely used by patients in ambulatory settings.  

Cp (and other bacteria from the Chlamydia genus) is 
susceptible to antibiotic agents which interfere with de-
oxyribonucleic acid (DNA) and protein synthesis, such 
as tetracyclines, rifamycins, quinolones, macrolides 
and clindamycin, and it is naturally resistant to sulfon-
amides, glycopeptides and aminoglycosides [60]. Cp-re-
lated pneumonia should be treated with azithromycin, 
tetracycline, doxycycline or fluoroquinolones [61].  

CAP has a complex clinical diagnosis due to the fact 
that its manifestations are not specific, it can be caused 
by a great number of pathogens and can frequently 
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have a mixed etiology. Hence, increasing attention is 
being paid to the development of multipathogen de-
tection systems based on multiplex PCR. For example, 
BioFire FilmArray Pneumonia Panel (BioMerieux, 
France) is an FDA approved and CE-marked assay for 
quantitative and qualitative diagnosis of 34 infectious 
agents, including Mp, Cp and Lp. Multicenter studies 
have confirmed its over 95% sensitivity and specificity 
for most pathogens, both for bronchoalveolar lavage 
and sputum specimens [62]. This assay also allows sev-
eral genes of drug resistance to be tested, although this 
does not apply to atypical bacteria. 

Another option is the Curetis Unyvero P50 Pneu-
moniae Panel (Germany); it is CE-marked, and de-
tects many pathogens, including all those described, 
together with resistance genes. Its sensitivity ranges 
from 50% to 100% and specificity is about 90%.  
Although these values are lower than those of BioFire 
FilmArray, it is still more effective than cultivation 
[63–65]. The third assay, Multiplex Lightmix RT-PCR 
(TIB MOLBIOL GmbH, Germany), appears to be just 
as accurate as singleplex RT-PCR, and it is capable 
of  detecting various Legionella serotypes [66]. How-
ever, numerous alternatives are available in Europe.  

These detection systems are also faster, as results 
are obtained within a few hours, they demand mini-
mal technical expertise and they are not affected by 
antibiotic therapy. The further development and dis-
tribution of  automated assays may greatly facilitate 
the  therapeutic management of patients with severe 
pneumonia, thus reducing mortality and preventing 
significant complications. 

Conclusions

Atypical infections still pose a serious problem to 
clinicians and their patients. In order to make a prop-
er diagnosis and implement direct therapy, a  multi-
disciplinary approach should be taken. As it has been 
shown, atypical bacteria generally do not induce 
strong changes in the infected organism. The clinical 
picture, based on standard diagnostic methods, may 
be misleading. Therefore, a strong emphasis should be 
placed on molecular panels. Automated assays quick-
en the diagnostic process, allow the differentiation be-
tween different atypical agents, which may be of great 
significance in cases of acute diseases, and they also 
make it possible to search for drug-resistance genes. 
Summing up, these assays provide the  diagnosis to-
gether with advice on further treatment, which may 
shorten the length of therapy, reduce its costs and pre-
vent complications.  

An exemplary diagnostic process includes: 1) sub-
jective symptoms and risk factors – unspecific signs, 
but bizarre manifestations such as extrapulmonary 
symptoms may guide clinicians to suspect atypical 
etiology; 2) laboratory analysis – increased acute-
phase proteins and other, non-standard findings;  

3) imaging – changes in both lungs and along the air-
ways, such as lobar infiltrations, consolidation shad-
ows, airway dilation; in the case of Cp ultrasound may 
also be useful; 4) specific methods – cold-agglutinin 
testing for Mp and urinary antigen testing for Lp;  
5) serology – 4-fold rise in both IgM and IgG in two 
samples collected over 2 weeks (more useful in ret-
rospective studies); 6) amplification methods – great 
sensitivity and specificity, but they are not available 
in every clinic. Multiplex PCR and isothermal PCR are 
more versatile as they can be used to search for several 
pathogens in a sample at once; 7) molecular panels – 
quick, efficient and very versatile. These can be used 
to make a proper diagnosis and determine drug resis-
tance genes of some pathogens; 8) culture – appears 
to have very low value in a standard clinical setting;  
9) other – MIF, blotting and slide agglutination are 
great for confirming cases in retrospective studies. 

Conflict of interest

The authors declare no conflict of interest.

References

1. Gründel A, Jacobs E, Dumke R. Interactions of surface-di-
splayed glycolytic enzymes of Mycoplasma pneumoniae 
with components of the human extracellular matrix. Int  
J Med Microbiol 2016; 306: 675-685.  

2. Atkinson TP, Balish MF, Waites KB. Epidemiology, clinical 
manifestations, pathogenesis and laboratory detection 
of Mycoplasma pneumoniae infections. FEMS Microbiol 
Rev 2008; 32: 956-973.  

3. Hahn DL. Chlamydia pneumoniae and chronic asthma: 
updated systematic review and meta-analysis of popula-
tion attributable risk. PLoS One 2021; 16: e0250034. 

4. Arnold FW, Summersgill JT, Ramirez JA. Role of atypical 
pathogens in the etiology of community-acquired pneu-
monia. Semin Respir Crit Care Med 2016; 37: 819-828.   

5. Hahn DL. Chlamydia pneumoniae as a respiratory patho-
gen. Front Biosci 2002; 7: e66. 

6. Lind K, Benzon MW, Jensen JS, Clyde WA Jr. A seroepide-
miological study of Mycoplasma pneumoniae infections 
in Denmark over the 50-year period 1946-1995. Eur J Epi-
demiol 1997; 13: 581-586.  

7. Gramegna A, Sotgiu G, Di Pasquale M, Radovanovic D, 
Terraneo S, Reyes LF, Vendrell E, Neves J, Menzella F,  
Blasi F, Aliberti S, Restrepo MI; the GLIMP Study Group. 
Atypical pathogens in hospitalized patients with commu-
nity-acquired pneumonia: a worldwide perspective. BMC 
Infect Dis 2018; 18: 677.  

8. Murdoch D, Chambers ST, Priest P. Clinical manifesta-
tions and diagnosis of  Legionella infection. UpToDate 
2020.  

9. Chitasombat MN, Ratchatanawin N, Visessiri Y. Dissemi-
nated extrapulmonary Legionella pneumophila infection 
presenting with panniculitis: case report and literature 
review. BMC Infect Dis 2018; 18: 467. 

10. Marchello C, Dale AP, Thai TN, Han DS, Ebell MH. Preva-
lence of atypical pathogens in patients with cough and 
community-acquired pneumonia: a  meta-analysis. Ann 
Fam Med 2016; 14: 552-566.

https://bmcinfectdis.biomedcentral.com/articles/10.1186/s12879-018-3565-z#auth-Ester-Vendrell
https://bmcinfectdis.biomedcentral.com/articles/10.1186/s12879-018-3565-z#auth-Joao-Neves
https://bmcinfectdis.biomedcentral.com/articles/10.1186/s12879-018-3565-z#auth-Francesco-Menzella
https://bmcinfectdis.biomedcentral.com/articles/10.1186/s12879-018-3565-z#auth-Francesco-Blasi
https://bmcinfectdis.biomedcentral.com/articles/10.1186/s12879-018-3565-z#auth-Stefano-Aliberti
https://bmcinfectdis.biomedcentral.com/articles/10.1186/s12879-018-3565-z#auth-Marcos_I_-Restrepo
https://bmcinfectdis.biomedcentral.com/articles/10.1186/s12879-018-3565-z#group-1


71Diagnostics of atypical pulmonary infections 

Medical Studies/Studia Medyczne 2023; 39/1

11. Kang J. Challenges from atypical pathogens in diagno-
sis and treatment of  community-acquired pneumonia. 
Comm Acquir Infect 2015; 2: 29-31. 

12. Izumikawa K, Izumikawa K, Takazono T, Kosai K, Mo-
rinaga Y, Nakamura S, Kurihara S,  Imamura Y,  Miyaza- 
ki T, Tsukamoto M, Yanagihara K, Hara K, Kohno S. Cli-
nical features, risk factors and treatment of  fulminant 
Mycoplasma pneumoniae pneumonia: a review of the Ja-
panese literature. J Infect Chemother 2014; 20: 181-185.  

13. Saraya T, Kurai D, Ishii H, Ito A, Sasaki Y, Niwa S, Kiyo- 
ta N, Tsukagoshi H, Kozawa K, Goto H, Takizawa H. Epi-
demiology of virus-induced asthma exacerbations: with 
special reference to the role of human rhinovirus. Front 
Microbiol 2014; 5: 226.  

14. Wijesooriya WRPLI, Sunil-Chandra NP, Perera J. Reliabi-
lity of cold agglutinin test (CAT) for the detection of pa-
tients with Mycoplasma pneumoniae pneumonia. Sri 
Lankan J Infect Dise 2016; 6: 25-32.

15. Simmons WL, Dybvig K. Catalase enhances growth and 
biofilm production of  Mycoplasma pneumoniae. Curr 
Microbiol 2015; 71: 190-194.  

16. Waites KB, Xiao L, Liu Y, Balish MF, Atkinson TP. Myco-
plasma pneumoniae from the respiratory tract and bey-
ond. Clin Microbiol Rev 2017; 30: 747-809. 

17. Xue G, Zhao H, Yan C, Li S, Cui J, Feng Y, Xie X, Yuan J. 
Evaluation of  the  CARDS toxin and its fragment for 
the  serodiagnosis of  Mycoplasma pneumoniae infec-
tions. Eur J Clin Microbiol Infect Dis 2021; 40: 1705-1711. 

18. Arfaatabar M, Noori Goodarzi N, Afshar D, Memariani H, 
Azimi G, Masoorian E, Pourmand MR. Rapid detection 
of  Mycoplasma pneumoniae by loop-mediated isother-
mal amplification (LAMP) in clinical respiratory speci-
mens. Iran J Public Health 2019; 48: 917-924.  

19. Li W, Liu Y, Zhao Y, Tao R, Li Y, Shang S. Rapid diagnosis 
of Mycoplasma pneumoniae in children with pneumonia 
by an immuno-chromatographic antigen assay. Sci Rep 
2015; 5: 15539. 

20. Yang SI, Han MS, Kim SJ, Lee SY, Choi EH. Evaluation 
of  a  Rapid Diagnostic Antigen Test Kit Ribotest Myco-
plasma® for the Detection of Mycoplasma pneumoniae.  
Pediatr Infect 2019; 26: 81-88.  

21. Zhang Y, Cao L, Xu Z, Zhu P, Huang B, Li K, Xu Y,   
Zhang Z, Wu Y, Di B. Evaluation of a multiplex PCR as-
say for detection of respiratory viruses and Mycoplasma 
pneumoniae in oropharyngeal swab samples from outpa-
tients. J Clin Lab Anal 2020; 34: e23032.  

22. Saraya T, Ohkuma K, Tsukahara Y, Watanabe T, Kurai D, 
Ishii H, Kimura H, Goto H, Takizawa H. Correlation be-
tween clinical features, high-resolution computed tomo-
graphy findings, and a visual scoring system in patients 
with pneumonia due to Mycoplasma pneumoniae.  
Respir Investig 2018; 56: 320-325. 

23. Saraya T, Watanabe T, Tsukahara Y, Ohkuma K, Ishii H, 
Kimura H, Yan K, Goto H, Takizawa H. The correlation 
between chest X-ray scores and the  clinical findings in 
children and adults with Mycoplasma pneumoniae 
pneumonia. Intern Med 2017; 56: 2845-2849.  

24. Huo X, Xue X, Yuan S, Zhang D, Gao QE, Gong T. Early 
differential diagnosis between COVID-19 and mycopla-
sma pneumonia with chest CT scan. Zhejiang Da Xue 
Xue Bao Yi Xue Ban 2020; 49: 468-473.   

25. Gayam V, Konala VM, Naramala S, Garlapati PR, Mer-
ghani MA, Regmi N, Balla M, Adapa S. Presenting cha-

racteristics, comorbidities, and outcomes of patients coin-
fected with COVID-19 and Mycoplasma pneumoniae in 
the USA. J Med Virol 2020; 92: 2181-2187.  

26. Coskun ME, Temel MT. Comparison of  CRP, full blood 
count parameters and transaminases across different age 
groups of  children with Mycoplasma pneumonia. Eur  
J Ther 2020; 26: 303-306.  

27. Kawai Y, Miyashita N, Kubo M, Akaike H, Kato A, Nishi-
zawa Y, Saito A, Kondo E, Teranishi H, Ogita S, Tanaka T, 
Kawasaki K, Nakano T, Terada K, Ouchi K. Therapeutic 
efficacy of  macrolides, minocycline, and tosufloxacin 
against macrolide-resistant Mycoplasma pneumoniae 
pneumonia in pediatric patients. Antimicrob Agents Che-
mother 2013; 57: 2252-2258.  

28. Wu HM, Wong KS, Huang YC, Lai SH, Tsao KC, Lin YJ, 
Lin TY. Macrolide-resistant Mycoplasma pneumoniae in 
children in Taiwan. J Infect Chemother 2013; 19: 782-786.   

29. FDA Drug Safety Communication: FDA Advises Restric-
ting Fluoroquinolone Antibiotic Use for Certain Uncom-
plicated Infections; Warns about Disabling Side Effects 
That Can Occur Together; U.S. Food & Drug Administra-
tion: Silver Spring. MD, USA; 2016.   

30. Oishi T, Ouchi K. Recent trends in the epidemiology, dia-
gnosis, and treatment of macrolide-resistant Mycoplasma 
pneumoniae. J Clin Med 2022; 11: 1782. 

31. Eisenreich W, Heuner K. The life stage-specific pathome-
tabolism of Legionella pneumophila. FEBS Lett 2016; 590: 
3868-3886. 

32. Faradonbeh FA, Khedri F, Doosti A. Legionella pneumo-
phila in bronchoalveolar lavage samples of patients suf-
fering from severe respiratory infections: role of age, sex 
and history of smoking in the prevalence of bacterium. 
Srp Arh Celok Lek 2015; 143: 274-278.

33. Miyashita N, Horita N, Higa F, Aoki Y, Kikuchi T, Seki M, 
Tateda K, Maki N, Uchino K, Ogasawara K, Kiyota H, Wa-
tanabe A. Diagnostic predictors of Legionella pneumonia 
in Japan. J Infect Chemother 2018; 24: 159-163. 

34. Poirier R, Rodrigue J, Villeneuve J, Lacasse Y. Early radio-
graphic and tomographic manifestations of legionnaires’ 
disease. Can Assoc Radiol J 2017; 68: 328-333.  

35. Mercante JW, Winchell JM. Current and emerging Legio-
nella diagnostics for laboratory and outbreak investiga-
tions. Clin Microbiol Rev 2015; 28: 95-133.  

36. Borella P, Bargellini A, Marchesi I, Rovesti S, Stanca- 
nelli G, Scaltriti S, Moro M, Montagna MT, Tatò D, Na-
poli C, Triassi M, Montegrosso S,  Pennino F,  Zotti CM,   
Ditommaso S,  Giacomuzzi M. Prevalence of  anti-legio-
nella antibodies among Italian hospital workers. J Hosp 
Infect 2008; 69: 148-155.  

37. Murdoch DR, Podmore RG, Anderson TP, Barratt K,  
Maze MJ, French KE, Young SA, Chambers ST, Werno AM. 
Impact of routine systematic polymerase chain reaction 
testing on case finding for Legionnaires’ disease: a  pre-
-post comparison study. Clin Infect Dis 2013; 57: 1275-
1281. 

38. LegionellaDB. Biosim.pt.  
39. Heuser W, Tirmizi S, Frieri M, Boutin A, Kumar K, Politi V. 

Legionella pneumophila: diagnosis and management for 
the critically ill and septic patient: a review of the litera-
ture. Clin Pulm Med 2017; 24: 6-12.  

40. Waterer GW. Diagnosing viral and atypical pathogens 
in the  setting of  community-acquired pneumonia. Clin 
Chest Med 2017; 38: 21-28.  

https://pubmed.ncbi.nlm.nih.gov/?term=Kurihara+S&cauthor_id=24462437
https://pubmed.ncbi.nlm.nih.gov/?term=Imamura+Y&cauthor_id=24462437
https://pubmed.ncbi.nlm.nih.gov/?term=Miyazaki+T&cauthor_id=24462437
https://pubmed.ncbi.nlm.nih.gov/?term=Miyazaki+T&cauthor_id=24462437
https://pubmed.ncbi.nlm.nih.gov/?term=Tsukamoto+M&cauthor_id=24462437
https://pubmed.ncbi.nlm.nih.gov/?term=Yanagihara+K&cauthor_id=24462437
https://pubmed.ncbi.nlm.nih.gov/?term=Hara+K&cauthor_id=24462437
https://pubmed.ncbi.nlm.nih.gov/?term=Kohno+S&cauthor_id=24462437
https://pubmed.ncbi.nlm.nih.gov/?term=Kiyota N%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Kiyota N%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Tsukagoshi H%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Kozawa K%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Goto H%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Takizawa H%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Xu+Y&cauthor_id=31628684
https://pubmed.ncbi.nlm.nih.gov/?term=Zhang+Z&cauthor_id=31628684
https://pubmed.ncbi.nlm.nih.gov/?term=Wu+Y&cauthor_id=31628684
https://pubmed.ncbi.nlm.nih.gov/?term=Di+B&cauthor_id=31628684
https://pubmed.ncbi.nlm.nih.gov/?term=Kimura+H&cauthor_id=29764747
https://pubmed.ncbi.nlm.nih.gov/?term=Goto+H&cauthor_id=29764747
https://pubmed.ncbi.nlm.nih.gov/?term=Takizawa+H&cauthor_id=29764747
https://pubmed.ncbi.nlm.nih.gov/?term=Yan K%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Goto H%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Takizawa H%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Saito A%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Kondo E%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Teranishi H%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Ogita S%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Tanaka T%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Kawasaki K%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Nakano T%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Terada K%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Ouchi K%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Tateda+K&cauthor_id=29398478
https://pubmed.ncbi.nlm.nih.gov/?term=Maki+N&cauthor_id=29398478
https://pubmed.ncbi.nlm.nih.gov/?term=Uchino+K&cauthor_id=29398478
https://pubmed.ncbi.nlm.nih.gov/?term=Ogasawara+K&cauthor_id=29398478
https://pubmed.ncbi.nlm.nih.gov/?term=Kiyota+H&cauthor_id=29398478
https://pubmed.ncbi.nlm.nih.gov/?term=Watanabe+A&cauthor_id=29398478
https://pubmed.ncbi.nlm.nih.gov/?term=Watanabe+A&cauthor_id=29398478
https://pubmed.ncbi.nlm.nih.gov/?term=Moro+M&cauthor_id=18448198
https://pubmed.ncbi.nlm.nih.gov/?term=Montagna+MT&cauthor_id=18448198
https://pubmed.ncbi.nlm.nih.gov/?term=Tat%C3%B2+D&cauthor_id=18448198
https://pubmed.ncbi.nlm.nih.gov/?term=Napoli+C&cauthor_id=18448198
https://pubmed.ncbi.nlm.nih.gov/?term=Napoli+C&cauthor_id=18448198
https://pubmed.ncbi.nlm.nih.gov/?term=Triassi+M&cauthor_id=18448198
https://pubmed.ncbi.nlm.nih.gov/?term=Montegrosso+S&cauthor_id=18448198
https://pubmed.ncbi.nlm.nih.gov/?term=Pennino+F&cauthor_id=18448198
https://pubmed.ncbi.nlm.nih.gov/?term=Zotti+CM&cauthor_id=18448198
https://pubmed.ncbi.nlm.nih.gov/?term=Ditommaso+S&cauthor_id=18448198
https://pubmed.ncbi.nlm.nih.gov/?term=Giacomuzzi+M&cauthor_id=18448198
https://pubmed.ncbi.nlm.nih.gov/?term=Young+SA&cauthor_id=23899682
https://pubmed.ncbi.nlm.nih.gov/?term=Chambers+ST&cauthor_id=23899682


Patryk Adamczyk, Julia Parkolap, Agnieszka Kiryszewska-Jesionek, Dorota Pastuszak-Lewandoska 72

Medical Studies/Studia Medyczne 2023; 39/1

41. Cristovam E, Almeida D, Caldeira D, Ferreira JJ, Marques T. 
Accuracy of  diagnostic tests for Legionnaires’ disease: 
a systematic review. J Med Microbiol 2017; 66: 485-489.  

42. Chahin A, Opal SM. Severe pneumonia caused by Legio-
nella pneumophila: differential diagnosis and therapeu-
tic considerations. Infect Dis Clin 2017; 31: 111-121.  

43. Jasper AS, Musuuza JS, Tischendorf JS, Stevens VW, Ga-
mage SD, Osman F, Safdar N. Are fluoroquinolones or ma-
crolides better for treating Legionella pneumonia? A sys-
tematic review and meta-analysis. Clin Infect Dis 2021; 
72: 1979-1989.  

44. Karer M, Haider T, Kussmann M, Obermüller M, Tiehen C, 
Burgmann H, Lagler H, Traby L. Treatment of  legionel-
losis including a single intravenous dose of 1.5 g azithro-
mycin: 18-year experience at a tertiary care hospital. Int  
J Antimicrob Agents 2022; 59: 106481. 

45. Saikku P. The epidemiology and significance of Chlamy-
dia pneumoniae. J Infect 1992; 25: 27-34. 

46. Yu Y, Fei A. Atypical pathogen infection in community-
-acquired pneumonia. Biosci Trends 2016; 10: 7-13.  

47. Sharma L, Losier A, Tolbert T, Dela Cruz CS, Marion CR. 
Atypical pneumonia: updates on Legionella, Chlamy-
dophila, and Mycoplasma pneumonia. Clin Chest Med 
2017; 38: 45-58.  

48. Perrone T, Quaglia F. Lung US features of severe intersti-
tial pneumonia: case report and review of the literature.  
J Ultrasound 2017; 20: 247-249.  

49. Miyashita N. Atypical pneumonia: pathophysiology, dia-
gnosis, and treatment. Respir Investig 2022; 60: 56-67. 

50. Smith-Norowitz TA, Shidid S, Norowitz YM, Kohlhoff S. 
Chlamydia pneumoniae-induced IFN-gamma responses 
in peripheral blood mononuclear cells increase numbers 
of CD4+ but not CD8+ T effector memory cells. J Blood 
Med 2021; 12: 385-394.  

51. She RC, Thurber A, Hymas WC, Stevenson J, Langer J, Li-
twin CM, Petti CA. Limited utility of culture for Mycopla-
sma pneumoniae and Chlamydophila pneumoniae for 
diagnosis of respiratory tract infections. J Clin Microbiol 
2010; 48: 3380-3382.  

52. Villegas E, Sorlózano A, Gutiérrez J. Serological diagnosis 
of Chlamydia pneumoniae infection: limitations and per-
spectives. J Med Microbiol 2010; 59: 1267-1274. 

53. Benitez AJ, Thurman KA, Diaz MH, Conklin L, Ken- 
dig NE, Winchell JM. Comparison of real-time PCR and 
a microimmunofluorescence serological assay for detec-
tion of chlamydophila pneumoniae infection in an out-
break investigation. J Clin Microbiol 2012; 50: 151-153.  

54. Rahman KS, Kaltenboeck B. Multi-peptide ELISAs overco-
me cross-reactivity and inadequate sensitivity of conven-
tional Chlamydia pneumoniae serology. Sci Rep 2019; 9: 
15078. 

55. Radouani F, El Yazouli L, Elyazghi Z, Hejaji H, Alami AA, 
Elmdaghri N. Chlamydia pneumoniae sero-prevalence 
in Moroccan patients with cardiovascular diseases. Infect 
Dis Health 2019; 24: 67-74. 

56. Hagemann JB, Simnacher U, Marschall MT, Maile J, Sout-
schek E, Wellinghausen N, Essig A. Analysis of humoral 
immune responses to recombinant Chlamydia pneumo-
niae antigens. Int J Infect Dis 2020; 91: 232-239. 

57. Miyashita N, Akaike H, Teranishi H, Kawai Y, Ouchi K, 
Kato T, Hayashi T, Okimoto N. Evaluation of serological 
tests for diagnosis of Chlamydophila pneumoniae pneu-
monia in patients with nursing and healthcare-associated 
pneumonia. J Infect Chemother 2013; 19: 249-255.  

58. Strålin K, Fredlund H, Olcén P. Labsystems enzyme im-
munoassay for Chlamydia pneumoniae also detects 
Chlamydia psittaci infections. J Clin Microbiol 2001; 39: 
3425-3426. 

59. Waterer GW. Diagnosing viral and atypical pathogens 
in the  setting of  community-acquired pneumonia. Clin 
Chest Med 2017; 38: 21-28.  

60. Kohlhoff SA, Hammerschlag MR. Treatment of Chlamy-
dial infections: 2014 update. Expert Opin Pharmacother 
2015; 16: 205-212. 

61. CDC recommendations for Chlamydia pneumoniae Treat-
ment, 2021 update. 

62. Murphy CN, Fowler R, Balada-Llasat JM, Carroll A, Stone H, 
Akerele O, Buchan B,  Windham S,  Hopp A,  Ronen S, 
Relich RF,  Buckner R, Warren DA,  Humphries R,  Cam- 
peau S, Huse H, Chandrasekaran S, Leber A, Everhart K, 
Harrington A, Kwong C, Bonwit A, Bard JD, Naccache S, 
Zimmerman C, Jones B, Rindlisbacher C, Buccambuso M, 
Clark A, Rogatcheva M, Graue C, Bourzac KM. Multicenter 
evaluation of the BioFire FilmArray pneumonia/Pneumo-
nia Plus Panel for detection and quantification of agents 
of lower respiratory tract infection. J Clin Microbiol 2020; 
58: e00128-20.

63. Enne VI, Aydin A, Baldan R, Owen DR, Richardson H, 
Ricciardi F, Russell C,  Nomamiukor-Ikeji BO, Swart AM,  
High J, Colles A, Barber J, Gant V, Livermore DM,  O’Gra-
dy J; INHALE WP1 Study Group. Multicentre evaluation 
of two multiplex PCR platforms for the rapid microbiolo-
gical investigation of nosocomial pneumonia in UK ICUs: 
the INHALE WP1 study. Thorax 2022; 77: 1220-1228.  

64. Jamal W, Albert MJ, Rotimi VO. Real-time comparative 
evaluation of bioMerieux VITEK MS versus Bruker Micro-
flex MS, two matrix-assisted laser desorption-ionization 
time-of-flight mass spectrometry systems, for identifi-
cation of  clinically significant bacteria. BMC Microbiol 
2014; 14: 289.

65. Gadsby NJ, McHugh MP, Forbes C, MacKenzie L, Ha-
milton SKD, Griffith DM, Templeton KE. Comparison 
of Unyvero P55 Pneumonia Cartridge, in-house PCR and 
culture for the  identification of  respiratory pathogens 
and antibiotic resistance in bronchoalveolar lavage fluids 
in the critical care setting. Eur J Clin Microbiol Infect Dis 
2019; 38: 1171-1178. 

66. Wagner K, Springer B, Imkamp F, Opota O, Greub G, 
Keller PM. Detection of  respiratory bacterial pathogens 
causing atypical pneumonia by multiplex Lightmix®  
RT-PCR. Int J Med Microbiol 2018; 308: 317-323. 

Address for correspondence:

Agnieszka Kiryszewska-Jesionek MD, PhD 
Department of Microbiology and 
Laboratory Medical Immunology
Medical University of Lodz 
Lodz, Poland
Phone: +48 42 272 57 95
E-mail: agnieszka.kiryszewska@umed.lodz.pl

https://pubmed.ncbi.nlm.nih.gov/?term=Lagler+H&cauthor_id=34801678
https://pubmed.ncbi.nlm.nih.gov/?term=Traby+L&cauthor_id=34801678
https://pubmed.ncbi.nlm.nih.gov/?term=Hayashi+T&cauthor_id=23096022
https://pubmed.ncbi.nlm.nih.gov/?term=Okimoto+N&cauthor_id=23096022
https://pubmed.ncbi.nlm.nih.gov/?term=Buchan+B&cauthor_id=32350043
https://pubmed.ncbi.nlm.nih.gov/?term=Windham+S&cauthor_id=32350043
https://pubmed.ncbi.nlm.nih.gov/?term=Hopp+A&cauthor_id=32350043
https://pubmed.ncbi.nlm.nih.gov/?term=Ronen+S&cauthor_id=32350043
https://pubmed.ncbi.nlm.nih.gov/?term=Relich+RF&cauthor_id=32350043
https://pubmed.ncbi.nlm.nih.gov/?term=Relich+RF&cauthor_id=32350043
https://pubmed.ncbi.nlm.nih.gov/?term=Buckner+R&cauthor_id=32350043
https://pubmed.ncbi.nlm.nih.gov/?term=Warren+DA&cauthor_id=32350043
https://pubmed.ncbi.nlm.nih.gov/?term=Humphries+R&cauthor_id=32350043
https://pubmed.ncbi.nlm.nih.gov/?term=Campeau+S&cauthor_id=32350043
https://pubmed.ncbi.nlm.nih.gov/?term=Campeau+S&cauthor_id=32350043
https://pubmed.ncbi.nlm.nih.gov/?term=Huse+H&cauthor_id=32350043
https://pubmed.ncbi.nlm.nih.gov/?term=Chandrasekaran+S&cauthor_id=32350043
https://pubmed.ncbi.nlm.nih.gov/?term=Leber+A&cauthor_id=32350043
https://pubmed.ncbi.nlm.nih.gov/?term=Everhart+K&cauthor_id=32350043
https://pubmed.ncbi.nlm.nih.gov/?term=Harrington+A&cauthor_id=32350043
https://pubmed.ncbi.nlm.nih.gov/?term=Kwong+C&cauthor_id=32350043
https://pubmed.ncbi.nlm.nih.gov/?term=Bonwit+A&cauthor_id=32350043
https://pubmed.ncbi.nlm.nih.gov/?term=Dien+Bard+J&cauthor_id=32350043
https://pubmed.ncbi.nlm.nih.gov/?term=Naccache+S&cauthor_id=32350043
https://pubmed.ncbi.nlm.nih.gov/?term=Zimmerman+C&cauthor_id=32350043
https://pubmed.ncbi.nlm.nih.gov/?term=Jones+B&cauthor_id=32350043
https://pubmed.ncbi.nlm.nih.gov/?term=Rindlisbacher+C&cauthor_id=32350043
https://pubmed.ncbi.nlm.nih.gov/?term=Buccambuso+M&cauthor_id=32350043
https://pubmed.ncbi.nlm.nih.gov/?term=Clark+A&cauthor_id=32350043
https://pubmed.ncbi.nlm.nih.gov/?term=Rogatcheva+M&cauthor_id=32350043
https://pubmed.ncbi.nlm.nih.gov/?term=Graue+C&cauthor_id=32350043
https://pubmed.ncbi.nlm.nih.gov/?term=Bourzac+KM&cauthor_id=32350043
https://pubmed.ncbi.nlm.nih.gov/?term=Russell+C&cauthor_id=35027473
https://pubmed.ncbi.nlm.nih.gov/?term=Nomamiukor-Ikeji+BO&cauthor_id=35027473
https://pubmed.ncbi.nlm.nih.gov/?term=Swart+AM&cauthor_id=35027473
https://pubmed.ncbi.nlm.nih.gov/?term=High+J&cauthor_id=35027473
https://pubmed.ncbi.nlm.nih.gov/?term=Livermore+DM&cauthor_id=35027473
https://pubmed.ncbi.nlm.nih.gov/?term=O%27Grady+J&cauthor_id=35027473
https://pubmed.ncbi.nlm.nih.gov/?term=O%27Grady+J&cauthor_id=35027473
https://pubmed.ncbi.nlm.nih.gov/?term=INHALE+WP1+Study+Group%5BCorporate+Author%5D
mailto:agnieszka.kiryszewska@umed.lodz.pl

