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Introduction
Mycoplasma pneumoniae pneumonia (MPP), a prevalent 
respiratory illness among children, is responsible for 20 
to 40% of all cases of pneumonia acquired by children 
and shows an increasing incidence year by year [1]. The 
incidence of Mycoplasma pneumoniae (M. pneumoniae) 
infection among children has seen an early surge in vari-
ous areas of China since June 2023. Notably, a sharp rise 
in the number of M. pneumoniae infection cases was 
observed in September, accompanied by more severe 
clinical presentations [2]. Children infected with M. 
pneumoniae may present with a range of clinical symp-
toms, which include a persistent cough, an elevated body 
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Abstract
Background Mycoplasma pneumoniae pneumonia (MPP) is responsible for 20 to 40% of all cases of pneumonia 
acquired by children and shows an increasing incidence year by year. The aim of this study was to investigate the 
expression of miR-34a in children with MPP and its diagnostic value, and further explore the relationship between 
miR-34a and the rehabilitation effect of children with MPP.

Methods The expression level of miR-34a was detected by RT-qPCR, and the clinical value of miR-34a was analyzed 
by ROC analysis. In addition, the levels of IL-6, IL-18 and TNF-α in serum of children with MPP were detected by ELISA 
kit, and the correlation with miR-34a was analyzed.

Results Elevated levels of miR-34a were observed in the serum of children with MPP, and significantly higher 
expression levels were observed in children with severe symptoms and poor rehabilitation. The study suggested that 
miR-34a has potential as a diagnostic marker for MPP in children, helping to distinguish between mild and severe 
cases and predicting rehabilitation from MPP in children. In addition, miR-34a expression was positively correlated 
with IL-6, IL-8, and TNF-α levels.

Conclusions miR-34a is closely related to MPP in children and miR-34a may be used as a clinical biomarker for MPP 
in children.
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temperature, a scratchy throat, a husky voice, a tension 
headache, muscle aches, shivering, and a sense of wide-
spread unease [3]. Despite advancements in unraveling 
the underlying causes and the physiological mechanisms 
of pneumonia, the infection remains a significant con-
tributor to both illness and death. Consequently, there is 
a pressing need for better diagnostic instruments [4].

MicroRNAs (miRNAs) serve as potent regulatory 
elements within the genome, demonstrated by their 
capacity to orchestrate complex cellular processes by 
engaging with a diverse array of gene targets [5]. miRNAs 
are instrumental in both the detection and prediction of 
cancer [6], functioning as biomarkers for an assortment 
of illnesses [7, 8]. Within the scope of lung diseases, miR-
NAs have emerged as crucial controllers of immune and 
inflammatory reactions [9]. Previously, numerous investi-
gations have documented the involvement of miRNAs in 
cases of M. pneumoniae [10], Coronavirus disease 2019 
(COVID-19) [11], and pulmonary fibrosis [12].

In recent times, the utility of miR-34a in various dis-
eases has been the subject of numerous investigations, 
such as miR-34a plays an important role by regulating 
the tumor immune microenvironment [13]. miR-34a is 
engaged in a variety of processes related to both normal 
nervous system development and pathological conditions 
[14]. miR-34a promotes the transformation of renal fibro-
blasts into myofibroblasts [15]. Additionally, research has 
revealed that the expression of miR-34a is increased in 
individuals suffering from pneumonia [16]. However, the 
clinical use of miR-34a in in children with MPP has not 
been clarified.

The purpose of this study was to investigate the abnor-
mal expression of miR-34a in children with MPP and its 
diagnostic value, and further explore the relationship 
between miR-34a and the rehabilitation effect of children 
with MPP.

Methods and materials
Research object
A sample of 120 children with MMP, ranging in age from 
3 to 12 years, was chosen for this study from June 2021 to 
December 2023 in Affiliated Haimen Hospital of Xinglin 
College, Nantong University, with 65 boys and 55 girls, 
and the mean age of the children was 7.27 ± 2.38. Patients 
were categorized into a severe group (n = 65) if they 
exhibited the following criteria: (1) Detection of posi-
tive serum MP-IgM antibodies, persistently high fever 
lasting over 7 days, and severe cough with shortness of 
breath, wheezing, chest pain, decreased oxygen satura-
tion, blood in sputum or haemoptysis or the presence of 
pulmonary or extrapulmonary complications. (2) Those 
displaying a systemic inflammatory response accom-
panied by large patchy shadows occupying one or more 
lung lobes on imaging examination. All other children 

were classified as having a mild condition (n = 55). Simul-
taneously, a control group consisting of 50 healthy chil-
dren was recruited. This group comprised 27 boys and 23 
girls, with an average age of 7.26 ± 2.36, spanning the age 
range of 3 to 12 years. The distribution of genders and 
the age distribution between the two groups were nearly 
identical (p > 0.05). The study protocol was meticulously 
reviewed and approved by the Institutional Review Board 
of Affiliated Haimen Hospital of Xinglin College, Nan-
tong University. Prior to enrollment, informed consent 
was obtained from the parents or legal guardians of the 
participating children.

Fasting venous blood was collected after hospitaliza-
tion. The samples were allowed to clot spontaneously 
at room temperature for a duration of 30  min. Subse-
quently, the samples underwent centrifugation at a speed 
of 3,000  rpm for a 10-minute interval to separate the 
serum. The detection of clinical indicators was completed 
in the clinical laboratory of Affiliated Haimen Hospi-
tal of Xinglin College, Nantong University, presented in 
Tables 1 and 2.

Inclusion and exclusion criteria
Inclusion criteria: (1) Participants diagnosed with MPP 
[17] and exhibiting a serum MP antibody titer of ≥ 1:160. 
(2) Patients who were undergoing standard therapy and 
demonstrated satisfactory adherence to treatment. (3) 
Individuals whose clinical records were comprehensive.

Exclusion criteria: (1) Subjects with congenital heart 
defects, underdeveloped lungs, or immunodeficiency. (2) 
Participants suffering from recurring upper respiratory 
tract infections, tracheomalacia, tuberculosis, bronchial 
asthma, or other related pulmonary conditions. (3) Those 
displaying severe liver or renal impairment or the pres-
ence of malignancies. (4) Subjects who have recently used 
immunosuppressive or anticoagulant medications within 
the past three months. (5) Participants with abnor-
mal cognitive development or significant injuries. (6) 
Those with additional acute or chronic infections from 
pathogens.

Follow-up
The children were monitored for a duration of 6 months 
via telephonic conversations, home visits, or scheduled 
clinic appointments. Detailed documentation of their 
health status was maintained throughout this period. 
Subsequently, these children were categorized into two 
groups: good rehabilitation group and poor rehabilita-
tion group. The classification was based on the resolution 
of symptoms and the results of chest X-ray assessments. 
In the category of good rehabilitation group, the chil-
dren experienced a significant reduction or complete 
disappearance of clinical symptoms and signs. Body 
temperature was normal, cough and asthma symptoms 
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were significantly relieved. Their imaging examination 
returned to normal or showed substantial improvement 
with most focus areas resolved, and their serological 
markers normalized. Conversely, the poor rehabilitation 

group exhibited only minor improvements in symptoms 
or showed signs of worsening, whose cough and pulmo-
nary symptoms have worsened, whose lung lesions are 
absorbing, no significant improvement in lung function 
or worsening on chest X-ray, or children needs to be 
transferred to a higher level of care.

RT-qPCR
According to the instructions, Trizol reagent (Invitro-
gen, USA) was used to extract total RNA from serum. 
The quantity of the extracted RNA was determined using 
a NanoDrop 1000 spectrophotometer based on UV-vis-
ible light absorption (Chenlian Biotechnology, China). 
Reverse transcription PCR was performed by the Taq-
Man MicroRNA Reverse Transcription kit (Biosystems, 
USA). RT-qPCR was performed using SYBR® Green (Pro-
mega, USA). The sequences of the primers utilized in the 
current study are as follows:

Table 1 Comparison of clinical data from researchers
Parameter Control MPP p-value p-value

(n = 50) Mild (n = 55) Severe(n = 65) Control vs. Mild Mild vs. Severe
Age (year) 7.26 ± 2.36 7.34 ± 2.41 7.22 ± 2.38 0.758 0.664
Sex (male/female) 27/23 30/25 35/30 0.955 0.939
WBC (109/l) 7.28 ± 1.87 11.54 ± 2.75 13.14 ± 2.34 <0.001*** <0.001***

Neutrophils (109 /l) 3.45 ± 1.43 7.61 ± 2.29 8.66 ± 1.94 <0.001*** 0.008##

CRP (mg/l) 2.86 ± 1.17 8.30 ± 1.20 10.71 ± 2.00 <0.001*** <0.001###

LDH (U/l) 243.62 ± 97.55 314.19 ± 81.57 518.27 ± 150.38 <0.001*** <0.001###

Lymphocyte (109/l) 2.41 ± 0.51 2.51 ± 0.58 2.46 ± 0.60 0.386 0.709
PCT (ng/ml) 0.14 ± 0.05 0.58 ± 0.38 1.29 ± 0.71 <0.001*** <0.001###

D-D (mg/l) 0.66 ± 0.05 1.29 ± 0.34 1.96 ± 0.65 <0.001*** <0.001###

ESR (mm/h) 6.14 ± 2.82 22.51 ± 5.31 32.68 ± 7.97 <0.001*** <0.001###

Drugs(n,%)
Azithromycin 50 (90.91) 63 (96.92) 0.161
Glucocorticoids 16 (29.09) 52 (80.00) <0.001###
Combined with cephalosporin antibiotics 23 (41.82) 36 (55.38) 0.139
Combined with penicillin antibiotics 8 (14.55) 23 (35.38) 0.009##

Length of hospitalization (days, n, %) 0.001##

>14 0 (0.00) 19 (29.23)
7–14 27 (49.09) 41 (63.08)
≤ 7 28 (50.91) 5 (7.69)
Extrapulmonary complications (n, %) 21 (32.331)
Hepatic impairment 9 (13.85)
Functional injury of pancreas 2 (3.08)
Myocardial impairment 1 (1.54)
Pericardial effusion 1 (1.54)
Cardiac insufficiency 1 (1.54)
Heart failure 1 (1.54)
Thrombogenesis 2 (3.08)
Vasculitis 1 (1.54)
Erythema multiforme 1 (1.54)
Encephalopathy 2 (3.08)
WBC, white blood cell; CRP, C-reactive protein; LDH, Lactate dehydrogenase; PCT, procalcitonin; D-D, D-dimer; ESR, Erythrocyte sedimentation rate. data are 
expressed as n or mean ± standard deviation (SD). ###p < 0.001 vs. mild group, **p < 0.01, ***p < 0.001 vs. Control group

Table 2 Comparison of clinical data of people with different 
rehabilitation effects
Parameter Rehabilitation p-value

Good(n = 84) Poor(n = 36)
WBC (109/l) 11.47 ± 2.49 14.58 ± 1.72 <0.001***

Neutrophils (109/l) 7.36 ± 1.96 10.09 ± 1.41 <0.001***

CRP (mg/l) 8.70 ± 1.36 11.71 ± 1.86 <0.001***

LDH (U/l) 348.55 ± 93.91 602.48 ± 140.47 <0.001***

Lymphocyte (109/l) 2.50 ± 0.62 2.46 ± 0.52 0.783
PCT (ng/ml) 0.61 ± 0.43 1.72 ± 0.54 <0.001***

D-D (mg/l) 1.39 ± 0.44 2.27 ± 0.57 <0.001***

ESR (mm/h) 24.23 ± 5.84 36.85 ± 7.23 <0.001***

WBC, white blood cell; CRP, C-reactive protein; LDH, Lactate dehydrogenase; 
PCT, procalcitonin; D-D, D-dimer; ESR, Erythrocyte sedimentation rate. data are 
expressed as n or mean ± standard deviation (SD). ***p < 0.001
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U6 forward: 5’- G C T T C G G C A G C A C A T A T A C T A A A A 
T-3’.

U6 reverse: 5’- C G C T T C A C G A A T T T G C G T G T C A T-3’.
miR-34a forward: 5’- A C A C T C C A G C T G G G T G G C A G 

T G T C T T A G C T G G T-3’.
miR-34a reverse: 5’- C T C A A C T G G T G T C G T G G A-3’.

ELISA
The levels of interleukin-6 (IL-6), interleukin-18 (IL-18), 
and tumor necrosis factor-alpha (TNF-α) in the serum 
were determined by enzyme-linked immunosorbent 
assay (ELISA) kits (Nanjing Jiancheng Bioengineering 
Institute, China), following the producer’s protocol. In 
summary, the wells for the blank, standards, and samples 
were set up. Following a series of washing steps, 100  µl 
of enzyme-labeled secondary antibody was added to each 
well and allowed to incubate at a temperature of 37 ℃ 
for a duration of 60  min. Subsequently, another round 
of washing was conducted, after which a chromogenic 
agent was added to each well. The mixture was incubated 
at room temperature for an additional 20 min, concluded 
by the addition of a termination solution. The absorbance 
reading at 450 nm for each well was determined.

Statistical analyses
Values are presented as the mean ± standard devia-
tion (SD) and analyzed via an independent t-test, one-
way ANOVA. Statistical analyses were conducted using 
GraphPad Prism version 9.0 and SPSS 26.0. ROC curve 
was used to evaluate the diagnostic potential of miR-34a 
in children with MPP and the predictive value of rehabili-
tation. Chi-square test was used to analyze the correla-
tion between miR-34a and clinical indicators. Logistic 

regression analysis was used to evaluate the risk factors 
of poor rehabilitation in MPP children. A p-value of less 
than 0.05 was deemed statistically significant.

Result
The baseline characteristics manifestation
There was no significant difference in age, gender, and 
lymphocyte level between the control group, mild MPP 
group and severe MPP group. Compared with the control 
group, the WBC level of the mild group was increased, 
there was also a significant difference between the mild 
and severe groups. At the same time, the levels of neu-
trophils, C-reactive protein (CRP), lactate dehydrogenase 
(LDH), procalcitonin (PCT), D-dimer (D-D) and eryth-
rocyte sedimentation rate (ESR) were increased succes-
sively in control group, mild group, and severe group. In 
addition, there were differences in the use of glucocor-
ticoid drugs and the combination of penicillin antibiot-
ics, as well as length of hospitalization between mild and 
severe MPP children (Table 1). The levels of WBC, neu-
trophils, CRP, LDH, PCT, D-D and ESR were increased 
in the poor rehabilitation group compared with the good 
rehabilitation group (Table 2).

Differentially miR-34a expressed in MPP children
The serum levels of miR-34a were significantly increased 
in children suffering from MPP, with levels being high-
est in the severe MPP group compared to the mild MPP 
group (Fig.  1A and B). Furthermore, a higher level of 
miR-34a was observed in the poor rehabilitation in con-
trast to the good rehabilitation children (Fig. 2).

Fig. 1 Differential expression of miR-34a in children with MPP. (A) The Expression of miR-34a in control group (n = 50), mild group (n = 55), and severely 
group (n = 65). (B) The Expression of miR-34a in patients with good (n = 84) and poor (n = 36) rehabilitation. ***p<0.001 vs. Control or Good rehabilitation; 
###p<0.001 vs. Mild group
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Diagnostic value of miR-34a
The Receiver Operating Characteristic (ROC) analysis 
revealed that the AUC for miR-34a in identifying MPP 
in children was 0.873, with a sensitivity of 77.5% and a 
specificity of 86.0% (Fig. 2A). Furthermore, miR-34a was 
capable of differentiating between children experiencing 
mild MPP versus severe MPP, yielding an area under the 

curve (AUC) of 0.788, a sensitivity of 72.3%, and a speci-
ficity of 80.0% (Fig. 2B). Additionally, miR-34a exhibited 
potential in forecasting the rehabilitative status of chil-
dren with MPP, achieving an AUC of 0.821, a sensitivity 
of 75.0%, and a specificity of 80.9% (Fig. 2C).

Risk factors for poor rehabilitation in children with MPP
The patients were divided into two groups based on the 
mean value of each indicator in the patients with poor 
rehabilitation, respectively. Chi-square test was used to 
analyze the correlation between the expression of miR-
34a and clinical indicators of children with poor reha-
bilitation, and the results showed that the expression of 
miR-34a was significantly correlated with the levels of 
CRP, LDH, PCT, D-D and ESR of patients (Table 3). Then, 
miR-34a and factors significantly correlated with miR-
34a were included in logistic regression analysis, and the 
results showed that miR-34a and LDH were risk factors 
for poor rehabilitation effect in MPP children (Table 4).

Levels of IL-6, IL-18 and TNF-α
The MPP children exhibited a heightened serum IL-6 
level when contrasted with the control group. More-
over, the severe group demonstrated a marked increase 
in IL-6 levels compared with the mild group (Fig.  3A). 
This trend was also observed for the serum levels of IL-18 

Table 3 Correlation between miR-34a and clinical indicators
Parameter patients(n = 36) miR-34a expression p-

valuelow(n = 17) high(n = 19)
WBC (109/l) 0.175
 ≤ 10.16 19 11 8
 >10.16 17 6 11
Neutrophils (109 /l) 0.101
 ≤ 14.74 16 10 6
 >14.74 20 7 13
CRP (mg/l) 0.019*

 ≤ 11.71 18 12 6
 >11.71 18 5 13
LDH (U/l) 0.003**

 ≤ 602.48 18 13 5
 >602.48 18 4 14
Lympho-
cyte (109 /l)

0.158

 ≤ 2.46 21 12 9
 >2.46 15 5 10
PCT (ng/ml) 0.007**

 ≤ 1.72 19 13 6
 >1.72 17 4 13
D-D (mg/l) 0.021*

 ≤ 2.27 25 15 10
 >2.27 11 2 9
ESR (mm/h) 0.048*

 ≤ 36.85 15 10 5
 >36.85 21 7 14
WBC, white blood cell; CRP, C-reactive protein; LDH, Lactate dehydrogenase; 
PCT, procalcitonin; D-D, D-dimer; ESR, Erythrocyte sedimentation rate. *p < 0.05, 
**p < 0.01

Table 4 Logistic regression analysis of rehabilitation effect in 
children with MPP
Parameters Standard error p-value OR 95%CI
miR-34a 0.742 0.008** 7.14 1.667–30.581
CPR 0.878 0.688 1.423 0.255–7.958
LDH 0.789 0.014* 6.999 1.490-32.878
PCT 1.263 0.555 2.106 0.177–25.012
D-D 1.303 0.863 1.253 0.097–16.105
ESR 0.915 0.195 3.276 0.545–19.683
WBC, white blood cell; CRP, C-reactive protein; LDH, Lactate dehydrogenase; 
PCT, procalcitonin; D-D, D-dimer; ESR, Erythrocyte sedimentation rate. *p<0.05, 
*p<0.01

Fig. 2 ROC curves of miR-34a in diagnosis of MPP in children. (A) ROC curve of miR-34a in diagnosis of MPP in children. (B) ROC curve of miR-34a in 
diagnosis of mild and severe MPP in children. (C) ROC curve of miR-34a for predicting MPP rehabilitation in children
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and TNF-α (Fig. 3B and C). Additionally, the serum con-
centrations of IL-6, IL-18, and TNF-α were substantially 
elevated in children with poor rehabilitation compared to 
those with good rehabilitation (Fig. 3D and F).

Correlation between miR-34a and IL-6, IL-18 and TNF-α
The relationship between miR-34a and IL-6, IL-18, and 
TNF-α in serum of patients with severe MPP was inves-
tigated using Pearson correlation analysis. The findings 
revealed a positive association between the expression of 
miR-34a and the serum levels of IL-6 (Fig. 4A), as well as 
the levels of IL-18 and TNF-α (Fig. 4B and C).

Fig. 4 Correlation between miR-34a and IL-6, IL-8 and TNF-α. (A-C) miR-34a expression was positively correlated with IL-6, IL-8, and TNF-α levels

 

Fig. 3 Levels of IL-6, IL-8 and TNF-α. (A-C) The levels of IL-6, IL-8 and TNF-α in control group (n = 50), mild group (n = 55), and severely group (n = 65). (D-F) 
The levels of IL-6, IL-8 and TNF-α in patients with good (n = 84) and poor (n = 36) rehabilitation. ***p<0.001 vs. Control or Good rehabilitation; ###p<0.001 
vs. Mild group
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Discussion
MPP infection may result in cardiovascular or renal 
inflammation, posing a significant risk to the well-being 
and survival of pediatric patients. Delayed intervention 
can lead to organ damage and potentially fatal outcomes 
[18]. Alterations in the expression levels of microRNAs 
are intricately linked to the onset of MPP, such as the 
expression levels of miR-29c and miR-146a may serve 
as diagnostic biomarkers for identifying MPP [19]. The 
upregulated expression of miR-222-3p modulates the 
inflammatory response in monocytes, which contributes 
to the pathogenesis of MPP in children [20]. Reduced 
expression of miR-1323 is observed in MPP, which in 
turn upregulates IL-6 expression and promotes the 
inflammatory response [21].

In this study, miR-34a was upregulated in children with 
MPP, and was higher expressed in children with severe 
MPP and children with poor rehabilitation, this also con-
firmed previous research(15). Another novel finding we 
have demonstrated was that miR-34a may predict the 
occurrence of MPP and distinguish between mild and 
severe MPP children, and that miR-34a may predict the 
rehabilitative effect of children with MPP. This provided 
a new clinical application value for miR-34a. The levels of 
WBC, neutrophils, CRP, LDH, PCT, D-D and ESR were 
increased in children with MPP, the findings indicated 
the potential presence of substantial injury and intense 
inflammation in children with MPP. Additionally, MP-
IgM served as a sensitive biomarker for M. pneumoniae 
infection in pediatric patient [22]. MP-IgM appears after 
MP infection and antibody titres increase with disease 
progression [23] Therefore, MP-IgM positivity was used 
as one of the indicators for children with severe MPP. 
This study also analyzed that the expression of miR-34a 
was significantly correlated with the clinical indicators of 
MPP children and was a risk factor for poor rehabilita-
tion in MPP children, indicating that miR-34a was closely 
related to the onset of MPP in children. Therefore, clari-
fying the expression of miR-34a in children with MPP 
and exploring its clinical role in children with MPP may 
be of great significance for the treatment of MPP in chil-
dren. This provided additional evidence for the use of 
miRNAs in the clinical management of children with 
MPP as well as representing a significant advance in clini-
cal application.

The study found that IL-6 levels are elevated in children 
with MPP and can be a predictor of MPP [24]. Another 
study also reported that IL-6 and TNF-α are significantly 
elevated in lobular pneumonia induced by Mycoplasma 
pneumoniae in children and may play an important role 
in the pathogenesis of MPP [25]. The levels of IL-18 
expression were notably elevated in children suffering 
from pneumonia [26]. Concentrations of IL-18 in serum 
were significantly higher in individuals diagnosed with 

tuberculosis, extra-pulmonary tuberculosis, pneumonia, 
and lung cancer, in comparison to the control group [27]. 
In addition, it has been found that miR-34a overexpres-
sion can promote the activity of TNF-α, IL-6 and IL-18 in 
neonates with lung injury [28].

To investigate the correlation between miR-34a and the 
cytokines IL-6, IL-18, and TNF-α in children with MPP, 
we measured the expression levels of IL-6, IL-18, and 
TNF-α in the serum of children suffering from MPP. It 
indicated that the serum concentrations of these cyto-
kines were elevated in MPP patients, with higher lev-
els observed in those exhibiting a poor rehabilitation. 
Additionally, miR-34a expression was found to be posi-
tively associated with the serum levels of IL-6, IL-18, and 
TNF-α, aligning with previous research findings [28]. The 
data suggested that the onset of MPP triggers a systemic 
inflammatory response, with the expression level of miR-
34a being closely linked to the inflammatory status. It is 
plausible that miR-34a plays a role in the pathogenesis 
of MPP in children by interacting with inflammatory 
mediators.

In the current investigation, our focus was limited to 
the clinical investigation of miR-34a. It is the abnormally 
high expression of miR-34a in children with MPP that 
makes miR-34a a possible clinical marker to be applied in 
the treatment of patients, and the potential alleviation of 
disease progression by inhibiting miR-34a. Of course this 
may require further clinical trials to confirm. Based on 
this study, miR-34a may be used in conjunction with con-
ventional treatments. However, the sample size included 
in this study was not large enough, and more experimen-
tal data may be needed at a later stage to prove these 
conclusions. In addition, this study did not delve into the 
complex mechanisms that influence MPP in children. 
Moving forward, we plan to concentrate our efforts on 
cellular experiments to investigate the downstream path-
ways mediated by miR-34a and to elucidate the mecha-
nism of affecting MPP in children.

Conclusion
Elevated levels of miR-34a have been observed in the 
serum of children suffering from MPP, with significantly 
higher expression levels observed in those experiencing 
severe symptoms and those who exhibit a poor rehabili-
tation. The study suggested that miR-34a has the poten-
tial to serve as a diagnostic marker for MPP in children, 
aiding in the differentiation between mild and severe 
cases, as well as in forecasting the rehabilitation of the 
disease in children. Therefore, miR-34a may be used as a 
clinical biomarker for MPP in children.
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