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Abstract. Levels of D-dimer and interferon-γ (INF-γ) 
in pediatric patients with Mycoplasma pneumoniae 
pneumonia (MPP) were assessed to explore its clinical 
implication in evaluating the disease severity and patients' 
prognosis. Enrolled in this study as subjects were 185 pediatric 
patients with MPP who were admitted to the Department 
of Pediatrics of the Second Affiliated Hospital of Qiqihar 
Medical University and the First Hospital of Qiqihar City 
from January 2017 to October 2017 and 115 healthy children 
who underwent physical examination during the same time 
period. Patients were divided into two groups according to the 
severity of their pneumonia: Severe pneumonia group with 
95 patients and mild pneumonia group with 90 patients. A 
total of 92 healthy children were assigned to the control group. 
Immunoassay was performed to measure the serum levels of 
D-dimer and INF-γ. The levels of these two markers were 
compared. In terms of D-dimer, the levels in pediatric patients 
in pneumonia groups were all higher than that in the healthy 
children (p<0.0001). After treatment for 120 h, the D-dimer 
and INF-γ levels in both pneumonia groups were lower than 
those before treatment (p<0.001). Among the patients in both 
the mild and severe pneumonia groups, those who developed 
extra-pulmonary complications had higher levels of D-dimer 
and INF-γ than those who did not developed extra-pulmonary 
complications (p<0.001). Increased levels of D-dimer and INF-γ 
were observed in pediatric patients with MPP. Assessment 
of the levels of D-dimer and INF-γ in serum may help with 
the diagnosis of severe MPP in children and predicting the 

occurrence of complications. This study provided more 
theoretical basis for the early diagnosis and identification of 
MPP in children, and can be used as a guideline in evaluating 
the severity and preventing complications.

Introduction

Pneumonia is a common respiratory disease in the clinic. 
It is an inflammation of the alveoli, the distal airways, and 
interstitium of the lungs caused by infection of pathogenic 
microorganisms, immune regulation, physical and chemical 
factors. The main clinical manifestations include fever, cough, 
shortness of breath and continuous dry and wet rales in the 
lung (1). Mycoplasma pneumoniae pneumonia (MPP) is the 
most common form of pneumonia in childhood caused by 
Mycoplasma pneumoniae (MP) infection. In China, MPP is 
a leading cause of death in children (2). In recent years, the 
number of pediatric patients infected with MP has increased 
year by year worldwide, and patient age has shown a younger 
trend (3). However, the diagnosis or differential diagnosis of 
MPP is difficult based on clinical symptoms. In this regard, 
the lab test is especially helpful in the diagnosis of MPP. 
Although D-dimer and interferon-γ (INF-γ) were reported to 
be associated with pneumonia in the literature, the diagnostic 
value and clinical implication of assessing both indicators in 
diagnosis of MPP in children were not reported (4-7). In this 
study, the serum levels of D-dimer and INF-γ in 185 pediatric 
patients with MPP and 92 healthy children were measured, 
to explore their associations with MPP and the clinical value 
of assessing both in diagnosis of MPP. The aim of this study 
was to find a more accurate, convenient and rapid diagnostic 
method for the clinical prediction and diagnosis of MPP in 
children.

Patients and methods

Subjects. Enrolled in this study were 185 pediatric patients 
with MPP confirmed through assessment of clinical presenta-
tion, medical history, chest X‑ray radiography findings and 
laboratory data who were admitted to the Second Affiliated 
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Hospital of Qiqihar Medical University's Pediatric Department 
and the First Hospital of Qiqihar City (both in Qiqihar, China) 
from January 2017 to October 2017. Patients were divided 
into two groups according to the severity of their sickness: 
The mild and severe pneumonia group with an average age 
of 3.316±1.088 and 3.350±1.078 years, respectively. All 
patients met the criteria for the diagnosis of MPP outlined in 
Zhu Fu Tang Practical Pediatrics, including fever duration of 
>10 days, severe clinical presentation in the lungs, pulmonary 
consolidation and pleural effusion. Patients who developed 
extra-pulmonary complications or experienced poor outcomes 
after 10 days of solo treatment with macrolide antibiotics were 
regarded as being with severe MPP (8). A total of 92 healthy 
children with an average age of 3.296±1.127 years who under-
went physical examination during the same time period were 
assigned to the control group. The general data such as sex and 
age of the three groups of subjects were comparable, and the 
differences between groups were not statistically significant. 
Patients with the following conditions were excluded from this 
study: Diarrhea, anemia, liver and kidney diseases, systemic 
diseases, congenital heart disease, congenital immunodefi-
ciency disorders, long-term use of immunosuppressive agents, 
tuberculosis and asthma. The duration of fever or cough was 
2-7 days for all patients with MPP. This study was approved 
by the Ethics Committee of the Second Affiliated Hospital 
of Qiqihar Medical University. All participating children and 
their families were briefed on the specific protocols and proce-
dures of this study. Guardians of all the children participating 
in this study signed informed consent and children voluntarily 
participated in this study.

Sample collection and plasma D‑dimer detection. Pre- and 
post-treatment blood samples were collected from pediatric 
patients with mild and severe pneumonia. Each time 5 ml of 
venous blood was taken from all the patients in the morning 
under fasting. The blood sample was centrifuged at 500 x g for 
10 min using a centrifuge manufactured by Anhui Zhongke 
Zhongjia Scientific Instrument Co., Ltd. (Hefei, China). The 
plasma was stored in a dry tube protected from light. The 
D-dimer level was determined using the erythrocyte sedimen-
tation rate (ESR) test kit (Siemens AG, Munich, Germany) with 
the immune turbidimetric assay. The assay was performed on 
a fully automated hematology analyzer (Sysmex Corp., Kobe, 
Japan). The kit was used strictly in accordance with the manu-
facturer's protocol. The measured plasma D-dimer levels were 
recorded for all subjects in the three groups. A D-dimer level 
>0.115 µg/ml was regarded as positive.

Serum INF‑γ detection. Pre- and post-treatment blood 
samples were collected from all pediatric patients with mild 
and severe pneumonia. Blood samples were also collected 
from the healthy subjects. Each time 5 ml of venous blood 
was taken in the morning under fasting. The blood sample was 
centrifuged at 500 x g for 10 min using a centrifuge manu-
factured by Anhui Zhongke Zhongjia Scientific Instrument 
Co., Ltd. The supernatant (serum) was taken and stored in a 
freezer at ‑80˚C. The serum level of INF‑γ was determined 
with the enzyme-linked immunosorbent assay (ELISA) using 
the ELISA kit (Thermo Fisher Scientific, Inc., Waltham, 
MA, USA). The kit was used strictly in accordance with 

the manufacturer's protocol. The assay was performed on a 
Biotek EL 311 (BioTec U.S., Winooski, VT, USA) microplate 
reader. The measured serum levels of INF-γ were recorded for 
all subjects in the three groups.

Statistical analysis. All data were expressed as mean ± SEM. 
The t-test was used for the comparison of two means. All data 
were subjected to statistical analysis using the analysis of 
variance (ANOVA) statistical software. Fisher's analysis was 
used after ANOVA. The ANOVA software was used to test 
whether the differences in the means between multiple data 
sets were statistically significant. A difference was statistically 
significant at p<0.05.

Results

General data of subjects in the three groups. Age and sex were 
comparable in the three groups (Table I), and the differences 
between groups were not statistically significant (p>0.05). The 
numbers of patients who had symptoms of fever and cough, 
abnormal findings in chest X‑ray radiography, and positive 
responses in MP antibody test were comparable in the mild 
and severe pneumonia group, and the differences between the 
two groups were not statistically significant (p>0.05).

Levels of D‑dimer and INF‑γ in healthy children and pediatric 
patients before treatment. As shown in Table Ⅱ, the plasma 
D-dimer levels in the control, the mild and the severe pneu-
monia group were 0.08±0.19, 0.30±0.21 and 0.61±0.25 µg/ml, 
respectively. Apparently, the D-dimer levels in patients with 
pneumonia were significantly higher than that in healthy 
children (p<0.001), and it tended to be higher in patients with 
severe pneumonia (p<0.001).

Levels of D‑dimer and INF‑γ in patients with mild MPP 
after 24 and 120 h of treatment. The plasma D-dimer levels 

Table I. General data of subjects in the three groups.

 Groups
 -------------------------------------------------------------
  Mild Severe
Items Control pneumonia pneumonia

Case no. 92 90 95
Sex
  Male 46 46 48
  Female 46 44 47
Average age (years) 3.296 3.316 3.350
Fever (n)   0 90 95
Cough (n)   0 90 95
Abnormal findings in   0 90 95
chest X-ray radiography (n)
Positive responses in   0 90 95
MP antibody test (n)

MP, Mycoplasma pneumoniae.
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were 0.44±0.17 and 0.19±0.09 µg/ml, respectively, after 
24 and 120 h of treatment in pediatric patients with mild 
MPP (Table Ⅲ). Clearly, the D‑dimer level decreased over 
time in the treatment. The decrease between the two recorded 
time‑points was statistically significant. The INF‑γ levels 
were 26.15±2.09 and 18.62±1.98 pg/ml, respectively, after 
24 and 120 h of treatment in pediatric patients with mild 
MPP. The decreasing trend in the INF-γ level over time in 
the treatment was similar to that in the D-dimer level. The 
decrease between the two recorded time-points was statisti-
cally significant (p<0.05).

Levels of D‑dimer and INF‑γ in patients with severe MPP 
after 24 and 120 h of treatment. The plasma D-dimer levels 
were 0.69±0.21 and 0.33±0.17 µg/ml, respectively, after 
24 and 120 h of treatment in pediatric patients with severe 
MPP (Table Ⅳ). The decrease between the two time‑points 
in the treatment was statistically significant (p<0.001). The 
INF-γ levels were 51.22±2.31 and 36.71±2.08 pg/ml, respec-
tively, after 24 and 120 h of treatment in pediatric patients with 
severe MPP. The decrease between the two time-points in the 
treatment was statistically significant (p<0.01). Although the 
decreasing trends in both the D-dimer and the INF-γ level 
were expected to be the same between patients with mild and 

severe pneumonia, the final levels of both indicators after 
120 h of treatment were higher in the severe pneumonia group 
than those in the mild pneumonia group.

Levels of D‑dimer and INF‑γ in patients who developed 
extra‑pulmonary complications in the mild and severe 
pneumonia group. Patients in the mild and severe pneumonia 
group were further divided into four subgroups: Τhe mild 
pneumonia with extra-pulmonary complications subgroup, 
the mild pneumonia without extra-pulmonary complica-
tions subgroup, the severe pneumonia with extra-pulmonary 
complications subgroup, and the severe pneumonia without 
extra-pulmonary complications subgroup. The levels of 
D-dimer and INF-γ in these four subgroups were compared 
after 120 h of treatment. Among patients in the mild pneu-
monia group, the D-dimer levels in patients who developed 
extra-pulmonary complications and those who did not were 
0.27±0.18 and 0.11±0.12 µg/ml, respectively. The former was 
more than double the latter, and the difference was statisti-
cally significant (p<0.001). The INF‑γ levels in patients who 
developed extra-pulmonary complications and those who did 
not were 23.62±2.36 and 14.15±2.20 pg/ml, respectively. The 
former was much more than the latter, and the difference was 
statistically significant (p<0.001) (Table V).

Table Ⅱ. Levels of D‑dimer and INF‑γ in healthy children and pediatric patients before treatment.

 D-dimer (µg/ml) INF-γ (pg/ml)
 ----------------------------------------------------------------------------------- -------------------------------------------------------------------------------------
Groups Value P-value t-value Value P-value t-value

Control 0.08±0.19 - - 24.01±3.17 - -
Mild pneumonia 0.30±0.21 0.0012 3.840 33.16±4.38 0.003 3.421
Severe pneumonia 0.61±0.25 0.0001 7.235 46.43±4.10 0.0001 6.595

INF-γ, interferon-γ.

Table Ⅳ. Levels of D‑dimer and INF‑γ in patients with severe 
MPP over time in the treatment.

Treatment time (h) D-dimer (µg/ml) INF-γ (pg/ml)

  24 0.69±0.21 51.22±2.31
120 0.33±0.17 36.71±2.08

INF-γ, interferon-γ; MPP, Mycoplasma pneumoniae pneumonia.

Table Ⅲ. Levels of D‑dimer and INF‑γ in patients with mild 
MPP over time in the treatment.

Treatment time (h) D-dimer (µg/ml) INF-γ (pg/ml)

  24 0.44±0.17 26.15±2.09
120 0.19±0.09 18.62±1.98

INF-γ, interferon-γ; MPP, Mycoplasma pneumoniae pneumonia.

Table V. Levels of D-dimer and INF-γ in patients who devel-
oped extrapulmonary complications in the mild and severe 
pneumonia group.

 D-dimer INF-γ
Groups (pg/ml) (µg/ml)

Mild pneumonia  
With extra pulmonary 0.27±0.18 23.62±2.36
complications  
Without extra pulmonary  0.11±0.12 14.15±2.20
complications
Severe pneumonia
With extra pulmonary 0.50±0.16 41.62±2.19
complications 
Without extra pulmonary 0.18±0.10 33.15±2.31
complications 

INF-γ, interferon-γ.
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Among patients in the severe pneumonia group, the 
D-dimer levels in patients who developed extra-pulmonary 
complications and those who did not were 0.50±0.16 and 
0.18±0.10 µg/ml, respectively. The former was more than 
double the latter, and the difference was statistically significant 
(p<0.001). The INF-γ levels in patients who developed 
extra-pulmonary complications and those who did not were 
41.62±2.19 and 33.15±2.31 pg/ml, respectively. The former 
was higher than the latter, and the difference was statistically 
significant (p<0.001) (Table V; Figs. 1 and 2).

Discussion

Pneumonia is an inflammation of the alveoli, the airways, and 
interstitium of the lungs caused by infection of a variety of 
pathogenic microorganisms or by inhaling toxic substances (9). 
The symptoms often include fever, cough and expectora-
tion. For severe pneumonia, dyspnea and chest pain can also 
occur (10). Childhood pneumonia is a common pediatric 
disease with a high incidence. In most cases, the pathogens 
are bacteria, viruses, and MP, which inflict substantial harm to 
pediatric patients' lungs and systemic health. In recent years, 
childhood pneumonia associated with MP infection has drawn 

much attention from medical practitioners due to a significantly 
rising incidence being observed in children (11). In the clinic, 
it is still difficult to accurately identify childhood pneumonia 
associated with MP infection as the clinical symptoms are 
not consistent. Delayed diagnosis not only increases the risk 
of irreversible damage to patients' respiratory system, but also 
potentially leads to harm in multiple organs and systems (12). 
Therefore, accurate, rapid and timely identification of MPP in 
children is critical and should be the focus of clinical work.

It was reported that immune response to MP infection 
played an important role in the onset and progression of MPP. 
Thus, immunoassays relevant to hematology following infec-
tion with MP have become a hot topic in recent years (13). In 
this study, the levels of D-dimer and INF-γ were measured in 
blood samples collected from 185 pediatric patients with MPP 
and 92 healthy children. To the best of our knowledge, there 
is no report in literature on assessment of these two indicators 
at the same time in the diagnosis and identification of MPP in 
children (5,14-16).

D‑dimer is a specific fibrin degradation product after acti-
vation by cross‑linking of the fibrin monomer with activating 
factors. It is also a specific marker of the fibrinolytic system. 
D-dimer can be used as one of the indicators for monitoring 
inflammation and severe infection (17). Patients with MPP 
appear hypoxic. Hypoxia and endotoxin stimulates inflam-
matory cells to release a variety of inflammatory mediators, 
resulting in injuries of vascular endothelial cells leading to a 
significant increase in plasma D‑dimer levels (18).

INF-γ is a small polypeptide that regulates cell function. 
It plays an important role in cell-mediated immune regula-
tion (19). On the one hand, INF-γ stimulates the production of 
macrophages. On the other hand, INF-γ promotes the differen-
tiation of T cells into cytotoxic CD4+ TH1 and CD8+ Tc1 T-cell 
subsets. In addition, INF-γ activates neutrophils and vascular 
endothelial cells, thereby promoting endothelial cellular secre-
tion and adhesion (20).

In this study, 92 healthy children were recruited as a 
control, 90 pediatric patients with mild pneumonia and 
95 pediatric patients with severe pneumonia were recruited as 
study subjects. The general data such as age and sex of subjects 
in the three groups were comparable, and the differences were 
not statistically significant. Blood samples were collected 
from all pediatric patients before and after treatment, and 
from healthy subjects in the control group as well. The levels 
of D-dimer and INF-γ were determined for all subjects in the 
three groups. The results showed that the levels of D-dimer 
and INF-γ in the mild and severe pneumonia group were all 
significantly higher than those in the control group, and the 
levels of both indicators increased progressively with the 
disease severity. Elevation of the D-dimer level implied that 
the pediatric patient was at the stage of MP infection, and 
elevation of the INF-γ level indicated that the patient was 
infected and was seriously ill. After a period of treatment, 
the levels of D-dimer and INF-γ were measured again in all 
subjects. It was found that the levels of these two indicators 
decreased significantly after treatment, and the final levels 
of both indicators after 120 h of treatment were higher in the 
severe pneumonia group than those in the mild pneumonia 
group. The immunoassay showed that the levels of D-dimer 
and INF-γ increased significantly in pediatric patients with 

Figure 2. INF-γ levels in patients who developed extra-pulmonary complica-
tions. INF-γ, interferon-γ. When ***P<0.001, the difference was significant.

Figure 1. D-dimer levels in patients who developed extra-pulmonary compli-
cations. When ***P<0.001, the difference was significant.
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MPP, and the increase was much more evident in patients 
with severe pneumonia. The levels of D-dimer and INF-γ 
were found to be positively correlated with extra-pulmonary 
complications in pediatric patients with pneumonia. The 
sensitivity, specificity and negative predictive value were 90.18, 
91.75 and 76.2%, respectively. The sensitivity and specificity 
were all in the good range. In the case of severe MPP, excessive 
and persistent stimulation of inflammatory cytokines inflicted 
damage on the vascular endothelial cells, disturbing the 
balance between coagulation, anticoagulation and fibrinolysis. 
Elevation of the D-dimer level in pediatric patients with MPP 
indicated the presence of a hypercoagulable state and vascular 
endothelial dysfunction in patients, resulted from damage of 
vascular endothelial cells inflicted by inflammatory cytokines. 
When an infection occurs, early induced responses play an 
important role. The body secretes IFN-γ to inhibit the growth 
of pathogens directly and participate in the immune response 
in vivo. Results of this study suggested that the serum IFN-γ 
level in pediatric patients with pneumonia may be positively 
correlated with disease severity. The severity of the patient's 
condition can be evaluated by detecting the serum IFN-γ level 
in pediatric patients with pneumonia. As a benefit, the patients 
get timely and appropriate treatment. This study demonstrated 
that the inflammatory response of diseases can be evaluated 
by assessing the levels of D-dimer and INF-γ in plasma, which 
was helpful in early diagnosis of severe diseases and prediction 
of patient prognosis.

In summary, the levels of D-dimer and INF-γ in pediatric 
patients with MPP were measured, and the results provided 
evidence that the assessment of both indicators at the same 
time may prove useful in the diagnosis of MPP in children, 
the evaluation of the disease severity and the prediction of 
prognosis. The findings in this study can serve as a reference 
for rapid diagnosis of MPP, evaluation of treatment efficacy 
and prediction of prognosis.
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