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Abstract: Objective: To explore the clinical significance of detecting mycoplasma pneumoniae (MP)-DNA, C-reactive 
protein (CRP), interleukin-6 (IL-6), IL-8, and IL-10 in children with mycoplasma pneumoniae pneumonia (MPP). Meth-
ods: The data from 106 children who received treatment or underwent health examination in the Children’s Medical 
Center of Anhui Medical University from January 2021 to October 2022 were collected and analyzed retrospectively. 
The observation group (OG) consisted of 64 children with MPP, while the control group (CG) consisted of 42 healthy 
children. The levels of IL-6, IL-8, IL-10, CRP, and MP-DNA were compared between the two groups. The diagnostic 
value of MP-DNA in patients with MPP and its correlation with the levels of IL-6, IL-8, IL-10 and CRP were analyzed. 
Results: The level of MP-DNA in the OG was notably higher than that in the CG (P<0.05). Additionally, the levels of 
IL-6, IL-8, IL-10, and CRP in the OG were significantly higher than those in the CG (P<0.05). MP-DNA was positively 
correlated with the levels of IL-6, IL-8, IL-10, and CRP (P<0.05). The area under the curve of MP-DNA in diagnosing 
MPP was 0.979, with a specificity of 92.19% and a sensitivity of 97.62%. Conclusion: Indicators such as MP-DAN, 
IL-6, IL-8 are crucial in the development and progression of MPP, playing an important role in diagnosing and treat-
ing patients with MPP.

Keywords: Mycoplasma pneumoniae pneumonia, mycoplasma pneumoniae DNA, C-reactive protein, inflammatory 
cytokines

Introduction

Mycoplasma pneumoniae (MP) is a pathogen 
that falls between viruses and bacteria. It can 
cause acute respiratory infections and is one of 
the smallest microorganisms capable of inde-
pendent survival [1]. MP is distinct from typi- 
cal pneumonia caused by streptococcus pneu-
moniae, and it does not respond well to penicil-
lin treatment. This is why it is often referred  
to as “primary atypical pneumonia” [2]. The 
pathological changes of MP are mainly inter- 
stitial pneumonia, occasionally accompanied 
by bronchopneumonia, with a higher incidence 
observed among children and adolescents [3]. 
MP is primarily transmitted from person to per-
son through respiratory droplets, facilitating 
rapid local transmission within close communi-
ties and making it a major etiological agent for 
acquired pneumonia [4]. According to available 

data statistics, MP tends to occur in specific 
regions every 3-6 years, accounting for 10%  
to 25% incidence among community-acquired 
pneumonia (CAP) [5]. Studies have indicated 
that the highest incidence of MP is seen in indi-
viduals between the ages of 5 and 20, espe-
cially among children aged 5-9 and 10-15 [6]. At 
present, the specific pathogenesis of MP has 
not been clearly clarified. Some studies have 
revealed that the pathogenesis of MP is a com-
plex and interconnected pathological process, 
which may be related to a variety of inflamma-
tory mediators and cytokines, as well as the 
interaction in vivo and the role of pathogenic 
microorganisms on the host [7].

It is crucial to identify effective detection and 
treatment measures to improve prognosis, re- 
duce mortality, and cure MP. MP-DNA refers to 
using DNA probes to detect the quantity of 
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mycoplasma in the body. This method is com-
monly used for the mycoplasma pneumoniae 
pneumonia (MPP) and is a potential method for 
early and rapid diagnosis of the disease [8]. 
Research [9] has revealed that MP-DNA has 
high sensitivity and can be used for early diag-
nosis and treatment of MP. In addition, inter- 
leukin (IL)-6 can regulate immune and inflam-
matory reactions, thus promoting body defen- 
se [10]. IL-8 plays a pivotal role in regulating 
both physiology and pathological processes 
within the human reproductive system [11]. 
IL-10 can participate in the biological regulation 
of immune cells, exerting significant influence 
on autoimmune diseases [12]. C-reactive pro-
tein (CRP) can be used to regulate the function 
of phagocytes and remove damaged or necrot-
ic tissues and foreign pathogens [13]. Some 
scholars [14, 15] have revealed that inflamma-
tory cytokines and CRP can also be used as 
predictive indicators for the diagnosis and 
treatment of CAP.

Therefore, this study aimed to provide refer-
ence for clinical diagnosis and treatment of MP 
by studying the expression and clinical signifi-
cance of MP-DNA, CRP, IL-6, IL-8 and IL-10 in 
patients with MPP.

Methods and materials

Sample collection

Patient medical records of 120 children were 
retrieved and collected from the electronic 
medical record system of the Children’s Me- 
dical Center of Anhui Medical University. The 
children either received treatment or under-
went health examination there from January 
2021 to October 2022. 

Inclusion and exclusion criteria

Inclusion criteria: Patients in the OG met the 
diagnostic criteria of MPP [16]; Individuals in 
the CG were healthy without any diseases; 
Patients aged between 1 and 14 years old; 
Patient who had complete clinical data.

Exclusion criteria: Children who suffered from 
other infectious diseases, mental disorder or 
severe heart, liver and kidney diseases; Pa- 
tients who quit the treatment midway.

Sample screening

According to the inclusion and exclusion crite-
ria, 106 individuals who met the requirements 

were included. A retrospective study was con-
ducted using the medical records of the 106 
patients. The observation group (OG) consisted 
of 64 children with MPP, while the control gr- 
oup (CG) consisted of 42 healthy children who 
underwent health examination. This research 
was ratified by the Medical Ethics Committee of 
the Children’s Medical Center of Anhui Medical 
University.

Index detection

Detection of serum inflammatory cytokines 
and CRP: Morning fasting venous blood (4 mL) 
was drawn from all the subjects and centri-
fuged at a speed of 3000 r/min for 10 min to 
separate the serum. The serum was then divid-
ed into two tubes and stored at low tempera-
ture for further testing. Serum IL-6, IL-8, and 
IL-10 were measured by radioimmunoassay, 
and serum CRP were detected by enzyme-
linked immunoassay (Shanghai Enzyme-linked 
Biotechnology Co., Ltd., item number: mlsh- 
0789-1).

Detection of MP-DNA: Morning sputum sam-
ples were collected from the lungs of the sub-
jects using a suction catheter after performing 
a gargling procedure. The sputum samples 
were then stored at low temperatures for sub-
sequent testing. The level of MP-DNA was 
detected using ABI500 fluorescent quantita- 
tive polymerase chain reaction (PCR) and MP- 
DNA fluorescent quantitative kit. All the operat-
ing techniques were strictly implemented in 
accordance with the instructions.

Outcome measures

The levels of IL-6, IL-8, IL-10, CRP, and MP-DNA 
were compared between the two groups. The 
diagnostic value of MP-DNA for MPP and its 
correlation with the levels of IL-6, IL-8, IL-10, 
and CRP were analyzed.

Statistical methods

SPSS 20.0 (SPSS Inc., Chicago, IL, USA) was 
utilized for data analysis. GraphPad Prism 8 
was applied to visualize the data. The classified 
variables were analyzed using the chi-square. 
Measurement data in line with normal distribu-
tion were analyzed by t-test, independent sam-
ple t-test for inter-group comparison and paired 
t-test for intra-group comparison. Pearson’s 
correlation test was used to analyze the corre-
lation between MP-DNA and the levels of IL-6, 
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Table 1. Comparison of baseline data

Factors Control group 
(n=42)

Observation 
group (n=64) χ2 P

Age 1.235 0.266
    ≤5 years old 21 25
    >5 years old 21 39
Gender 0.062 0.803
    Male 24 35
    Female 18 29
Height 0.153 0.696
    ≤110 cm 22 36
    >110 cm 20 28
Weight 0.406 0.524
    ≤20 kg 19 33
    >20 kg 23 31
Place of residence 0.622 0.430
    City 30 41
    Rural 12 23
Ethnicity 0.361 0.548
    Han 33 47
    Other ethnicities 9 17

Figure 1. Comparison of MP-DNA levels. Note: **** 
means P<0.0001. MP-DNA: mycoplasma pneumoni-
ae DNA.

IL-8, IL-10, and CRP. The diagnostic value of 
MP-DNA for MPP was assessed through the 
receiver operator characteristic (ROC) curve. 

The statistical significance was 
determined with a threshold of 
P<0.05.

Results

Comparison of baseline data

There was no statistical difference 
in age, gender, height, weight, place 
of residence, and ethnicity between 
the two groups (P>0.05) (Table 1).

Comparison of MP-DNA

The MP-DNA level of the patients in 
the OG was obviously higher than 
that of the subjects in the CG 
(P<0.05) (Figure 1).

Comparison of serum inflamma-
tory cytokines and CRP

Comparing the levels of serum 
inflammatory cytokines and CRP, 
the results revealed that the levels 

of IL-6, IL-8, IL-10 and CRP in the OG were sig-
nificantly higher than those in the CG (P<0.05) 
(Figure 2).

Correlation between MP-DNA and serum 
inflammatory cytokines, CRP

Pearson test was conducted on the correlation 
between MP-DNA and IL-6, IL-8, IL-10, and CRP 
in both groups. The results showed that MP- 
DNA was positively correlated with these four 
indexes (P<0.05) (Figure 3).

Clinical value of MP-DNA in the diagnosis of 
MP

ROC curve was introduced to understand the 
clinical value of MP-DNA in the diagnosis of 
patients with MP. The results revealed that the 
area under the curve (AUC) of MP-DNA in the 
diagnosis of MP was 0.979, with a specificity of 
92.19% and a sensitivity of 97.62% (Table 2; 
Figure 4).

Discussion

MP is currently one of the main pathogens 
causing respiratory tract infections in children 
[17]. It is a highly contagious infection that 
tends to spread rapidly within close-knit com-
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Figure 2. Comparison of serum inflammatory cytokines and CRP. A. Compari-
son of serum IL-6 level. B. Comparison of serum IL-8 level. C. Comparison of 
serum IL-10 level. D. Comparison of serum CRP level. Note: **** means 
P<0.0001. IL-6: interleukin-6, IL-8: interleukin-8, IL-10: interleukin-10, CRP: 
C-reactive protein.

munities, such as in kindergartens. Over the 
years, there has been an increasing incidence 
of mycoplasma infection due to societal devel-
opment and changes in living habits. Research 
indicates that MP accounts for 20% of chil-
dren’s CAP in China and 50% of CAP in children 
over five years old [18]. This disease can occur 
at any age and can lead to more serious dis-
eases without timely treatment. If a patient is 
infected with MP, they generally exhibit flu-like 
symptoms such as runny nose, nasal conges-
tion, fever, cough, and headache. The fever can 
vary in severity, with 39°C in some patients. 
Additionally, after 2-3 days, affected indivi- 
duals may develop noticeable respiratory symp-
toms, such as paroxysmal irritating cough [19]. 
Current research has highlighted the strong 
association between MP in children and asth-
ma. If the progression of MP is not effectively 

managed in a timely manner, 
the probability of developing 
asthma can be as high as 
50%. As the respiratory sys-
tem of children is not fully 
developed, it is very likely to 
cause lung function impair-
ment after being infected wi- 
th mycoplasma [20]. In addi-
tion to respiratory symptoms, 
some children may experience 
complications such as aseptic 
inflammation of the nervous 
system, or muscle and joint 
pain. In severe cases, MP can 
even pose a life-threatening 
risk. Therefore, it is of great 
significance to identify suitab- 
le diagnostic indexes for the 
diagnosis and treatment of 
MP.

Studies have shown that MP- 
DNA can better reflect the 
infection in children, and it is 
closely related to the severity 
and prognosis of the disease 
[21]. The detection of MP-DAN 
through fluorescence quanti-
tative PCR offers various ad- 
vantages, including high sen-
sitivity and specificity. MP-DNA 
contributes to the early diag-
nosis of diseases, which can 
be highly beneficial in clinical 

settings. In this study, we used the fluores-
cence quantitative PCR technology to detect 
the MP-DNA level of the subjects. The results 
showed that the MP-DNA level of the patients in 
OG was significantly higher than that of the sub-
jects in CG, suggesting that there was a large 
amount of replication of mycoplasma in the 
bodies of the affected children, which caused 
serious damage to the respiratory system. The 
results indicate that the level of MP-DNA can 
timely reflect the disease status of affected 
children, thereby improving the diagnostic rate 
of MP, enabling timely treatment, shortening 
the disease duration, and reducing their suffer-
ing, which is similar to the research results of 
Gu et al. [9]. Inflammatory cytokines are relat- 
ed to the development of MP and participate in 
inflammatory reaction, immune reaction and 
injury [22, 23]. Research by Zhang et al. [24] 
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Figure 3. Correlation of MP-DNA with serum inflammatory cytokines and 
CRP. A. Correlation between MP-DNA and IL-6. B. Correlation between MP-
DNA and IL-8. C. Correlation between MP-DNA and IL-10. D. Correlation be-
tween MP-DNA and CRP. Note: IL-6: interleukin-6, IL-8: interleukin-8, IL-10: 
interleukin-10, CRP: C-reactive protein, MP-DNA: mycoplasma pneumoniae 
DNA.

Table 2. Clinical value of MP-DNA in the diagnosis of mycoplasma 
pneumoniae
Factors MP-DNA
AUC 0.979
Confidence interval 0.953-1.000
Specificity 92.19
Sensitivity 97.62
Youden index 89.81
Cut-off 5.545
Note: AUC: area under the curve, MP-DNA: mycoplasma pneumoniae DNA.

Figure 4. ROC curve of MP-DNA in the diagnosis of 
mycoplasma pneumonia. Note: ROC: Receiver op-
erating characteristic; MP-DNA: mycoplasma pneu-
moniae DNA.

revealed that CRP, IL-6 and 
other related indicators were 
important predictors MP in 
children, and detection of the- 
se indicators could be helpful 
for early identification of MPP. 
In this study, we analyzed and 
compared the levels of serum 
inflammatory cytokines in the 
subjects. The results showed 
that the levels of IL-6, IL-8, 
IL-10, and CRP in the OG were 
significantly higher than those 
in CG, indicating that the lev-
els of inflammatory cytokines 
increased significantly in chil-
dren infected with MP. The 
results suggest that cytokines 
such as IL-6 and inflammatory 
mediators are closely related 
to the pathogenesis of MP.

In addition, the correlation 
between MP-DAN and the lev-
els of IL-6, IL-8, IL-10, and CRP 
was analyzed. It was found 
that MP-DNA was positively 
correlated with these four 
indexes, indicating that MP- 
DNA had a certain correlation 
with the levels of IL-6, IL-8, 
IL-10, and CRP. Our results are 
similar to the findings of Fang 
et al. [25]. By detecting the 
level of IL-6 and other indica-
tors during the disease, the 
development and prognosis of 

the disease can be reflected, so they can be 
used as an auxiliary diagnostic index. Further- 
more, we analyzed the diagnostic value of 
MP-DNA using ROC curve. The results showed 
that the AUC of MP-DNA in the diagnosis of MP 
was 0.979, and the specificity and sensitivity 
were 92.19% and 97.62%, respectively. It is 
suggested that MP-DNA can be used as an 
important reference index for the diagnosis and 
treatment of MPP.

In this study, we have revealed the diagnostic 
value and clinical significance of MP-DNA and 
serum inflammatory cytokines in children with 
MPP. However, there are still some limitations 
in this study. Firstly, this is a retrospective study 
with a limited sample size, which may poten-
tially result in less conclusive experimental find-
ings. Secondly, patients could not be followed 
up in this study, so the long-term effect and 
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prognosis of patients could not be compared 
and observed. Therefore, we hope to carry out 
more experiments in the future to improve our 
research conclusions.

To sum up, MP-DNA, IL-6, IL-8 and other indica-
tors are crucial in the development and pro-
gression of MPP. These indicators have been 
found to play an important role in diagnosing 
and treating patients with MPP. Therefore, they 
have a high diagnostic value and are of great 
significance for future clinical diagnosis and 
treatment.

Disclosure of conflict of interest

None.

Address correspondence to: Fang Deng, Depart- 
ment of Internal Medicine, Children’s Medical Center 
of Anhui Medical University, No. 39, Wangjiang East 
Road, Baohe District, Hefei, Anhui, China. Tel: +86-
13515519517; E-mail: dengfang0008@163.com

References

[1]	 Waites KB, Xiao L, Liu Y, Balish MF and Atkin-
son TP. Mycoplasma pneumoniae from the re-
spiratory tract and beyond. Clin Microbiol Rev 
2017; 30: 747-809.

[2]	 Lee H, Yun KW, Lee HJ and Choi EH. Antimicro-
bial therapy of macrolide-resistant mycoplas-
ma pneumoniae pneumonia in children. Ex-
pert Rev Anti Infect Ther 2018; 16: 23-34.

[3]	 Kumar S. Mycoplasma pneumoniae: a signifi-
cant but underrated pathogen in paediatric 
community-acquired lower respiratory tract in-
fections. Indian J Med Res 2018; 147: 23-31.

[4]	 Eshwara VK, Mukhopadhyay C and Rello J. 
Community-acquired bacterial pneumonia in 
adults: an update. Indian J Med Res 2020; 
151: 287-302.

[5]	 Oishi T and Ouchi K. Recent trends in the epi-
demiology, diagnosis, and treatment of macro-
lide-resistant mycoplasma pneumoniae. J Clin 
Med 2022; 11: 1782.

[6]	 Kutty PK, Jain S, Taylor TH, Bramley AM, Diaz 
MH, Ampofo K, Arnold SR, Williams DJ, Ed-
wards KM, McCullers JA, Pavia AT, Winchell JM, 
Schrag SJ and Hicks LA. Mycoplasma pneu-
moniae among children hospitalized with com-
munity-acquired pneumonia. Clin Infect Dis 
2019; 68: 5-12.

[7]	 Shimizu T. Pathogenic factors of mycoplasma. 
Nihon Saikingaku Zasshi 2015; 70: 369-374.

[8]	 Wijesooriya LI, Kok T, Perera J, Tilakarathne Y 
and Sunil-Chandra NP. Mycoplasma pneu-
moniae DNA detection and specific antibody 

class response in patients from two tertiary 
care hospitals in tropical Sri Lanka. J Med Mi-
crobiol 2018; 67: 1232-1242.

[9]	 Gu WJ, Zhang XX, Chen ZR, Yan YD, Zhu CH, 
Huang L, Wang MJ, Shao XJ and Ji W. Clinical 
significance of MP-DNA from endotracheal as-
pirates in diagnosis of Mycoplasma pneumoni-
ae pneumonia in children. Zhongguo Dang Dai 
Er Ke Za Zhi 2015; 17: 937-941.

[10]	 Tanaka T, Narazaki M and Kishimoto T. IL-6 in 
inflammation, immunity, and disease. Cold 
Spring Harb Perspect Biol 2014; 6: a016295.

[11]	 Gonzalez-Aparicio M and Alfaro C. Significance 
of the IL-8 pathway for immunotherapy. Hum 
Vaccin Immunother 2020; 16: 2312-2317.

[12]	 Saraiva M and O’Garra A. The regulation of IL-
10 production by immune cells. Nat Rev Immu-
nol 2010; 10: 170-181.

[13]	 Pathak A and Agrawal A. Evolution of C-reac-
tive protein. Front Immunol 2019; 10: 943.

[14]	 Wang H, Zhou Q, Dai W, Feng X, Lu Z, Yang Z, 
Liu Y, Xie G, Yang Y, Shen K, Li Y, Li SC, Xu X, 
Shen Y, Li D and Zheng Y. Lung microbiota and 
pulmonary inflammatory cytokines expression 
vary in children with tracheomalacia and ade-
noviral or mycoplasma pneumoniae pneumo-
nia. Front Pediatr 2019; 7: 265.

[15]	 Fu BB, Zhong LL, Ye TT, Han YM and Qiu XC. 
Value of autotaxin in predicting refractory my-
coplasma pneumoniae pneumonia in children 
and its correlation with inflammatory cyto-
kines. Zhongguo Dang Dai Er Ke Za Zhi 2022; 
24: 765-770.

[16]	 Medjo B, Atanaskovic-Markovic M, Radic S, 
Nikolic D, Lukac M and Djukic S. Mycoplasma 
pneumoniae as a causative agent of communi-
ty-acquired pneumonia in children: clinical fea-
tures and laboratory diagnosis. Ital J Pediatr 
2014; 40: 104.

[17]	 Dumoulin A. Mycoplasma pneumoniae: up-
date and new challenges. Rev Med Suisse 
2016; 12: 1694-1697.

[18]	 Liu X, Wang Y, Chen C and Liu K. Mycoplasma 
pneumoniae infection and risk of childhood 
asthma: a systematic review and meta-analy-
sis. Microb Pathog 2021; 155: 104893.

[19]	 Rogozinski LE, Alverson BK and Biondi EA. Di-
agnosis and treatment of mycoplasma pneu-
moniae in children. Minerva Pediatr 2017; 69: 
156-160.

[20]	 Atkinson TP and Waites KB. Mycoplasma 
pneumoniae infections in childhood. Pediatr 
Infect Dis J 2014; 33: 92-94.

[21]	 Sun H, Li S, Wang T and Chen Z. Mycoplasma 
pneumoniae infection and persistent wheez-
ing in young children: a retrospective case-con-
trol study. Front Pediatr 2022; 10: 811086.

mailto:dengfang0008@163.com


Clinical significance of biochemical markers for mycoplasma pneumoniae pneumonia

583	 Am J Transl Res 2024;16(2):577-583

[22]	 Chaudhry R, Ghosh A and Chandolia A. Patho-
genesis of mycoplasma pneumoniae: an up-
date. Indian J Med Microbiol 2016; 34: 7-16.

[23]	 Yan T. Role of anti-inflammatory cytokines in 
pathogenesis of pediatric mycoplasma pneu-
moniae pneumonia. J Biol Regul Homeost 
Agents 2016; 30: 541-545.

[24]	 Zhang Y, Zhou Y, Li S, Yang D, Wu X and Chen 
Z. The clinical characteristics and predictors of 
refractory mycoplasma pneumoniae pneumo-
nia in children. PLoS One 2016; 11: e0156465.

[25]	 Fang KN, Wang J and Ni JW. Correlation be-
tween mycoplasma pneumoniae DNA replica-
tion level and disease severity in children with 
severe mycoplasma pneumoniae pneumonia. 
Zhongguo Dang Dai Er Ke Za Zhi 2019; 21: 
876-880.


