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Abstract

Background: Atypical pneumonia is an upper and lower respiratory tract infection. Mycoplasma pneumoniae is a major cause of
community-acquired pneumonia (CAP).
Objectives: The present study aimed to determine the prevalence of atypical pneumonia caused by M. pneumonia by culture and
molecular PCR methods in Tehran.
Methods: In the present study, 102 samples of throat swab were collected from patients with respiratory infections. All samples
were cultured in liquid PPLO Broth And solid PPLO agar media (1% glucose and 20% horse serum). The PCR technique with specific
primers was implemented after culture and genome extraction through phenol-chloroform technique.
Results: In this study, 27 (26.47%) colonies of Mycoplasma were isolated on PPLO agar medium. Using specific primers, it was found
that 33 samples (32.4%) were positive in terms of Mycoplasma genus and 14 samples (13.7%) were positive for the presence of M. pneu-
monia.
Conclusions: Mycoplasma pneumonia is a pathogen that causes respiratory tract infections in humans. Molecular PCR method is
a quick and sensitive technique that has higher sensitivity and specificity than other methods. The obtained results may contribute
to the specific treatment of some patients with symptoms of respiratory infections.
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1. Background

Pneumonia is a lung parenchyma infection that is
prevalent in any age group and is known as the sixth cause
of death and the most common death-related infectious
syndrome (1, 2). Atypical Pneumonia syndrome causes
upper and lower respiratory tract infection that can be
characterized by gradual onset, dry cough, shortness of
breath, extraterrestrial symptoms (such as headache, mus-
cle aches, fatigue, sore throat, nausea, vomiting, and di-
arrhea) (3-5). Mycoplasma pneumoniae is a major cause
of community-acquired pneumonia. Mycoplasma pneumo-
niae is a parasite bacterium belonging to the Mollicutes
class that has no cell wall and usually has small genomes
less than 1000 kb (6-8). Mycoplasma pneumoniae bacterium
encodes 116KD protein on its surface antigen that deter-
mines the serum activity of patients (9).

In M. pneumoniae, lipoproteins act as inflammatory

agents. Recent reports suggest that M. pneumoniae also
causes inflammatory responses independent of TLR2,
TLR4, and autophagy (10). This common pathogen is com-
mon in the upper and lower respiratory tract of humans
around the world and causes atypical pneumonia and tra-
cheobronchitis (11, 12). Mycoplasma pneumoniae is known
as the cause of atypical pneumonia, especially in children.
This microorganism is reported in 5 to 40 percent of all ac-
quired pneumonia in children aged 5 to 15 (13-16). Trans-
mission of infection occurs through close contact with
respiratory droplets. The clinical course of M. pneumo-
niae infections is usually mild and self-limiting and can
be resolved without any treatment within 2 to 4 weeks (17-
19). The annual incidence and prevalence of community-
acquired pneumonia vary from 1.5 to 1.7 per 1000 adults in
Europe. The community-acquired pneumonia is different
from a mild or severe outpatient condition under that pa-
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tients need to be admitted, and approximately 10% of pa-
tients need to be admitted to the intensive care unit (ICU).

In community-acquired pneumonia by M. pneumonia,
up to 37% of patients receive ambulatory care and 10% of
them need hospitalization (18). In a study on 585 cases of
severe acute respiratory infection (SARI) and acute severe
respiratory infection, the prevalence of pneumonia by M.
pneumoniae was 19.66% and 58.15%. A study in the United
States in the 1960s indicated that 50% of pneumonia in
children and 35% in adults were due to both viral cause
and M. pneumoniae, and a study in Japan in the 1980s indi-
cated that 26.8% of children with pneumonia were positive
in terms of the presence of M. pneumoniae [14]. Data of 21
countries indicated that M. pneumoniae was the most com-
mon type of bacterium responsible for atypical pneumo-
nia that caused about 12% of community-acquired pneu-
monia during 1996 - 2004 (20). In a study by M. Mahesh-
wari et al., it was determined that 75 patients suffered from
an infection of a lower respiratory tract using PCR method.
It was found that the prevalence of pneumonia due to M.
pneumoniae was 30.7% (21). In a study on Iraq, the preva-
lence of pneumonia infection due to M. pneumoniae was es-
timated at 19.4% (22).

2. Objectives

Considering that a few studies have been conducted on
this field based on molecular methods in Iran and most
studies are based on culture and serological methods, fur-
ther studies on methods with high sensitivity and pre-
cision such as PCR are very beneficial and important to
present an accurate rate of the disease prevalence. There-
fore, the present study aimed to determine the prevalence
of atypical pneumonia caused by M. pneumoniae in Tehran
by culture and molecular PCR methods.

3. Methods

3.1. Sample Collection

In the present descriptive-analytical study, 102 patients
referred to Mostafa Khomeini and Khatam hospitals in
Tehran were considered as the statistical population. They
were approved and included in the study after the initial
examination.

3.2. Bacterial Identification

3.2.1. Collection and Culture of Samples

A total of 102 samples of throat swab were collected
from patients suspected with M. pneumoniae infections, in-
cluding all patients with clinical symptoms of respiratory

infection such as weakness and lethargy, fatigue, persis-
tent headache and dry cough, shortness of breath, diar-
rhea, sputum, muscle pain, as well as removal of those,
who consumed antibiotics, under the supervision of a pul-
monologist according to sterility principles and condi-
tions. After the samples in the transport medium were
transferred to the laboratory, 1 mL of transport media was
transferred, by passing through the 0.45 filter, to the main
medium of PPLO broth (pH = 7.8 ± 0.2) and was incubated
under CO2 5 - 10% for 3 weeks at 37 [U+2103]. After 3 times
of sub-culturing the samples in the liquid medium, 100µL
of samples was cultured in a solid PPLO agar medium (con-
taining 1% Glucose and 20% horse serum) and the samples
were incubated under CO2 5 - 10% at 37°C for 7 - 10 days (23).
In the present study, M. pneumoniae (ATCC: 29342) was a
standard strain that was obtained from Mycoplasma Refer-
ence Laboratory of Razi Vaccine and Serum Research Insti-
tute.

3.3. DNA Extraction

After cultivating clinical samples in the liquid medium
of PPLO broth, the Phenol- chloroform method was used
to extract DNA from liquid PPLO broth media in which the
clinical samples were cultured. They were kept at -20°C af-
ter extracting DNA of samples until PCR.

3.4. Detection of Mycoplasma pneumoniae P1 Gene

In the present study, specific primers were used to iden-
tify the genus (16 Sr RNA gene) of Mycoplasma and species
(P1 M. pneumoniae protein-encoding gene) (Table 1).

After confirming the sensitivity and specificity of the
primers by NCBI BLAST, the PCR reaction to the final vol-
ume of 25 was according to the protocol, and the following
procedure was done: a primary denaturation cycle of 95°C
for 5 minutes, 40 cycles including denaturation 95°C for 1
minute, a primer connection of 56°C for 1 minute, elonga-
tion of 72°C for 1 minute, and a final extension 72°C cycle
for 5 minutes. Finally, the products of PCR reaction on 1%
Agarose gel were compared to (standard strain M. pneumo-
niae strain ATCC: 29342) electrophoresis; and the accuracy
of PCR method was approved.

4. Results

In the present study, 102 suspected cases with M. pneu-
moniae with a minimum age of 6, maximum age of 97 and
an average age of 49 of whom 61 individuals were female
(59.8%) and 41 were male (40.2%) and were tested by culture
and molecular PCR methods. Of 102 samples, 27 samples
(26.47%) were examined after four times of sub-cultivation
in a culture medium, and then in a PPLO agar medium cre-
ating oocyte single colonies (Figure 1).
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Table 1. Primer Sequences Used in This Study

Gene Name Primer Sequences Produce Size (bp) Resource

16SrRNA
F: 5’- GCT GCG GTG AAT ACG TTC T -3’

163 The present study
R: 5’- TCCCCACGTTCTCGTAGGG -3’

P1
F: 5’-AAAGGAAGCTGACTCCGACA-3’

450 (23)
R: 5’-TGGCCTTGCGCTACTAAGTT-3’

Figure 1. Mycoplasma pneumoniae colony

4.1. Results of PCR Launch for the Detection of Mycoplasma
pneumoniae Genus and Species

The Mycoplasma genus (Mycoplasma 16SrRNA gene) was
confirmed (Figure 2) in 33 cases (32.4%). Of the patients, 14
persons (13.7%) were infected with M. pneumoniae (Figure
3). In the present study, the molecular PCR method diag-
nosed 16S rRNA gene related to Mycoplasma genus (32.4%)
and P1 gene relating to M. pneumoniae (13.7%) rapidly and
accurately in patients with respiratory infections. In the
culture on the PPLO agar medium (containing 1% Glucose
and 20% horse serum), 27 cases (26.47%) were positive.
The results indicated that the molecular PCR method had
higher sensitivity and specificity. Also, sensitivity (66.67%)
and specificity (94.74%) were reported for the molecular-
PCR technique based on the analysis performed by the on-
line statistical system medCalc 81. Most patients had gen-
eralized clinical symptoms including dry cough (19.6%),
sputum cough (40.2%), fatigue (71.56%), lethargy (79.41%),
headache (62.68%), nausea (20.58%), vomit (14.7%), and gas-
trointestinal involvement (36.27%) (Figure 4).

5. Discussion

Respiratory tract infections are major causes of global
morbidity and mortality. Atypical pathogens cause about

Figure 2. Gel electrophoresis of polymerase chain reaction amplification products
for Mycoplasma 16SrRNA gene of 163 bp. Lane M, ladder (100 bp ladder); lane C+,
positive control (ATCC :29342); lane C-, negative control; lane 1 - 6, positive samples.

Figure 3. Gel electrophoresis of polymerase chain reaction amplification products
for Mycoplasma P1 gene of 450 bp. Lane M, ladder (100 bp ladder); lane C+, positive
control (ATCC:29342), lane C-, negative control; lane 1, 4, 5, 7, 9, positive samples; lane
2, 3, 6, 8, negative samples.

one-fifth of community-acquired pneumonia. Mycoplasma
pneumoniae has a high prevalence worldwide. The role of
M. pneumoniae in isolated human mycoplasmas is proven
as a true pathogen in the respiratory tract (3, 24, 25). Atypi-
cal M. pneumoniae begins with nonspecific symptoms and
is characterized by progression of symptoms of the upper
respiratory tract to the lower one (3, 8). Rapid and accurate
diagnosis is a factor that reduces mortality, morbidity, and
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Figure 4. General clinical symptoms in patients with atypical pneumonia

costs of infectious diseases (26). In the present study, PCR
was developed based on specific primers of M. pneumoniae
and P1 gene. After collecting 102 clinical specimens from
atypical pneumonia, the existence of P1 gene of M. pneumo-
niae was confirmed only in 14 specimens.

In a study by He et al. on 12025 children with respira-
tory infections, it was found that 20.23% of children had M.
pneumoniae infection (2) that was more than the present
study. In a study by Maheshwari et al. on 75 patients with
a lower respiratory tract infection (30.7%) by PCR method,
it was concluded that the incidence and prevalence of this
disease were twice as much as the present research. In a
study by Wu PS et al. in Taiwan in 2013 on 412 patients,
the prevalence of M. pneumoniae was reported as 15% (27);
and it was almost consistent with the present study. In a
study by Reinton et al., the prevalence of atypical pneumo-
nia (9.5%) was reported in 26039 Norwegian patients (28)
and it was less frequent than the present study.

In the research by Medjo et al. who sought to deter-
mine the prevalence of M. pneumoniae infection in chil-
dren with community-acquired pneumonia in 166 clini-
cal samples, it was found that 14.5% of cases were afflicted
with community-acquired pneumonia (29) that was al-
most consistent with the present study. According to a
study in India, the prevalence of pneumonia by M. pneumo-
niae was reported as 7% (30) that was lower than the inci-
dence of M. pneumoniae in the present study. Among ap-
proximately 500000 cases of community-acquired pneu-
monia, 20% were due to respiratory infections and should
be hospitalized every year in the United States. Up to 35%
of cases of outpatient pneumonia and up to 18% of cases
of pneumonia requiring hospitalization were caused by
M. pneumoniae (31). The incidence of atopic pneumonia
caused by M. pneumoniae is different in various regions of
Iran and low in most studies. In a study by Sharifi et al.
with the aim to identify respiratory infections caused by
Mycoplasma pneumonia in 200 cases in Tabriz, the preva-
lence of this bacterium was 6% (32), and it was consistent
with the present study. In this study, the prevalence of M.
pneumoniae infection was 13.13% that was lower than neigh-
boring countries such as Iraq (19.4%) and Turkey (16.2%),

and countries like Poland (52%), the United States (27% and
29.5%), Korea (40%) and Japan (24.2%). However, it was more
prevalent than in some countries like India (7%) (30, 32).

5.1. Conclusions

Based on the research results, the prevalence of pneu-
monia caused by M. pneumoniae was 13.7% that was more
than other regions of Iran such as Ahwaz, Rasht, and Tabriz.
The research method provided precise results considering
that all patients, who had positive M. pneumoniae species
according to PCR molecular method, had clinical symp-
toms including the respiratory infection (such as weak-
ness and lethargy, fatigue, persistent headache and dry
cough, shortness of breath, diarrhea, sputum, and mus-
cle ache). Based on results, the molecular PCR method if
16S rRNA gene relating to the Mycoplasma genus (32.4%)
and P1 gene relating to M. pneumonia species (13.7%) were
diagnosed rapidly and accurately in patients with respi-
ratory infections; and these results indicated that in 18.7%
of cases with 16S rRNA gene, the relevant species were un-
known indicating that in addition to M. pneumoniae, other
Mycoplasma species are present in the respiratory tract that
should be diagnosed and taken into consideration. Accord-
ing to obtained results, the frequency of patients with res-
piratory infections due to M. pneumonia was 13.7% indicat-
ing that in addition to M. pneumonia, other bacterial agents
and viral infections are involved in respiratory infections
and should be diagnosed and taken into account. It was
also found that the molecular PCR method was a quick and
sensitive technique to diagnose M. pneumonia and had a
higher sensitivity and specificity than other methods, es-
pecially the culture.
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