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Background: Mycoplasma pneumoniae pneumonia (MPP) is a common community-acquired

pneumonia (CAP) in children, which may become refractory MPP (RMPP) to treatment.

Objective: The purpose of this study was to evaluate the clinical utility of measuring serum

interleukin (IL)-17A to predict RMPP.

Patients and Methods: A retrospective clinical study at a single pediatric center included

a review of the medical records of all children hospitalized for CAP between November 2015

and October 2019. The diagnosis of MPP was based on clinical presentation, chest radio-

graphy, and measurement of serum anti-Mycoplasma immunoglobulin IgM antibody titer

using the microparticle agglutination method or sputum samples for Mycoplasma pneumo-

niae by PCR. Serum levels of IL-18 and IL-17A were determined by ELISA.

Results: Of the 625 children diagnosed with CAP, there were 154 children with MPP and

without underlying diseases who were divided into a non-refractory MPP (NRMPP) group (n =

109) and a RMPP group (n = 45). The RMPP group had a higher incidence of tachypnea,

cyanosis, hypoxia, segmental or lobar pneumonia, pleural effusion, and a longer period of

hospitalization compared with NRMPP group (all P-values < 0.05). A serum IL-17A level

above 10.8 pg/mLwas a predictor for RMPP: area under the curve (AUC) 0.822; standard error

(SE) 0.039; 95% confidence interval (CI) 0.746–0.897; diagnostic sensitivity and specificity of

77.8% and 77.1%, respectively. An LDH level above 436.5 IU/L and an IL-18 level above

464.5 pg/mL were the second most useful markers for RMPP: AUC 0.775, 0.775; SE 0.038,

0.039; 95%CI 0.700–0.850, 0.698–0.852; sensitivity 77.8%, 82.2%; specificity 62.4%, 59.6%;

respectively.

Conclusion: This preliminary study of MPP in a pediatric population has shown that

measurement of serum IL-17A may be a useful marker for the predictor of RMPP.
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Introduction
Mycoplasma pneumoniae (MP) is the most common pathogenic microbe that

causes community-acquired pneumonia (CAP) in children over 5 years-of-

age and is also common in CAP in children under 5 years-of-age.1 MP is present

in 40% of pediatric CAP cases, with an even higher incidence during epidemic

periods.1 A recent study has shown that MP may be the cause of CAP in between

4% and 39% of children admitted to hospital.2 In general, mild MP infection is

considered to be a self-limiting disease. However, MP can also cause a severe form

of pneumonia with a range of extrapulmonary manifestations. Severe Mycoplasma
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pneumoniae pneumonia (MPP) has a clinical presentation

of lobar pneumonia, pleural effusion, with respiratory

distress syndrome, and even life-threatening respiratory

failure and circulatory failure.3 Extrapulmonary lesions

caused by MP can involve various systems, including the

skin, nervous system, and bone and joints, and include

non-specific exanthema, urticaria, encephalitis, meningi-

tis, optic neuritis, Guillain–Barré syndrome, and Stevens–

Johnson syndrome.2,4-6

Macrolides, fluoroquinolones, and tetracyclines are

antimicrobials used to treat adults with MPP. However,

fluoroquinolones may adversely affect the development of

developing cartilage, and tetracyclines may cause perma-

nent discoloration of the teeth in young children, and so

first-line drug treatment for pediatric MPP is still macrolide

antibiotics.7 Over the past decade, macrolide-resistant MP

(MRMP) has been identified and reported worldwide,8–11

and is particularly common in some East Asian countries

and regions, with a prevalence of 50–93% in Japan,12,13 and

up to 96% in some areas of China.14 In recent years, refrac-

tory Mycoplasma pneumoniae pneumonia (RMPP), as

a special type of MPP, has become a focus for clinical

research. However, the pathogenesis of RMPP remains

unclear. What is known is that the adsorption of MP in the

respiratory epithelium leads to deterioration of cilia, the

direct invasion of MP is associated with a cell-mediated

immune response and cytokine stimulation, and a part of the

existence of MRMP.5,15,16 Steroids, intravenous immuno-

globulin, and fiberoptic bronchoscopy are usually required

in the treatment of RMPP.17–21 For these reasons, it would

be helpful to predict which patients with MP infection are

likely to develop RMPP.

It has been confirmed that serum C-reactive protein

(CRP), ferritin, lactate dehydrogenase (LDH), interleukin

(IL)-18, and IL-17A play important roles in the progression

of many infectious, inflammatory, malignant and other

diseases.22–27 Previous studies have shown a correlation

between the severity of MPP and serum CRP, ferritin,

LDH, and IL-18.28–30 Although serum IL-17A in MPP has

seldom been reported, IL-17A in bronchoalveolar lavage

fluid (BALF) has been shown to play critical roles in the

occurrence and development of pulmonary diseases, includ-

ing acute lung injury31 and MPP.32

The purpose of this study was to compare the clinical

features and laboratory findings of RMPP and non-refractory

MPP (NRMPP) in children hospitalized for CAP and to

explore the role of serum markers, including IL-17A, as

predictive markers for RMPP.

Patients and Methods
Patients
In this retrospective study, we reviewed the electronic med-

ical records of all children admitted to the Department

of Pediatrics, Tianjin Nankai Hospital, China, between

November 2015 and October 2019, with the diagnosis of

community-acquired pneumonia (CAP).

Data were retrieved for each patient to include the

history of the presenting illness, physical examination

findings, clinical laboratory findings, chest radiographs,

and family medical history.

The study protocol was approved by the Medical Ethics

Committee of Tianjin Nankai Hospital (Approved No. of ethic

committee: NKYY_YX_IRB_2018_043_01). The ethics

committee waived the need for written informed consent

provided by participants due to the retrospective nature of

the study, because all patient data were analyzed in anonymity,

and no additional informed consent was required. The whole

process of our research is in full compliance with the princi-

ples of the Declaration of Helsinki.

Diagnostic Inclusion Criteria of MPP and

RMPP
The diagnosis of Mycoplasma pneumoniae pneumonia

(MPP) was made based on the following definitions: (1)

patients who met the diagnostic criteria for CAP, with

symptoms of respiratory tract infection and a chest radio-

graph showing manifestations of pneumonia, with or with-

out pleural effusion; and (2) a fourfold or greater increase

in serum anti-Mycoplasma pneumoniae immunoglobulin

(Ig) M antibody titer as measured in the symptomatic

recovery phase (rather than the acute phase), or positive

sputum samples by polymerase chain reaction (PCR) test

for Mycoplasma pneumoniae (MP).33

The standard test for the detection of anti-MP IgM

antibody titers was the microparticle agglutination method

using a commercial kit (Serodia-Myco II, Fujirebio,

Tokyo, Japan). Quantitative PCR of MP DNA was used

with a commercial nucleic acid quantitative detection kit

(Daan Gene Co., Guangzhou, China).

The diagnosis of refractory Mycoplasma pneumoniae

pneumonia (RMPP) was made based on the following cri-

teria: (1) patients who met the MPP diagnostic criteria, as

above; (2) patients with prolonged fever and aggravation of

radiological manifestations despite appropriate antibiotic

treatment for 7 days or more.34
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Exclusion Criteria
To exclude other respiratory pathogens, we performed

microbiological testing from nasal and throat swabs. All

subjects were tested for influenza A, influenza B, human

metapneumovirus, adenovirus, respiratory syncytial virus,

parainfluenza 1, parainfluenza 2, and parainfluenza 3 using

a commercial D3 FastPoint L-DFA Respiratory Virus

Identification Kit (Diagnostic Hybrids, Inc., Athens, OH,

USA). Throat swab cultures were used to exclude respira-

tory bacterial pathogens. And all children with MP were

given skin tests of purified protein derivative of Tuberculin

(TB-PPD) to exclude Mycobacterium tuberculosis infec-

tion. Patients with underlying diseases such as metabolic

diseases, allergic diseases, or congenital immune deficien-

cies were also excluded.

Clinical Laboratory Data, Serum IL-17A

and IL-18 Measurements
Routine blood tests, including white blood cell (WBC) counts,

differential cell counts for neutrophils (%) and lymphocytes

(%), hemoglobin, platelets, serum C-reactive protein (CRP),

erythrocyte sedimentation rate (ESR), procalcitonin, ferritin,

and lactate dehydrogenase (LDH) were detected using stan-

dard protocols for our institution. On admission to hospital,

venous blood samples were taken from each patient and

centrifuged at 1000 ×g at 20°C for 15 mins. Serum levels of

IL-18 and IL-17A were determined using the Human IL-18

Elisa Kit (Absci Inc, College Park, MD, USA) and Human

IL-17A Elisa Kit (Diaclone SAS, Besancon, France), respec-

tively; test sensitivity was 20.0 pg/mL and 2.3 pg/mL,

respectively.

Statistical Analysis
The statistical evaluation was performed using the Statistical

Package of Social Science Software program (SPSS), version

17.0 (SPSS Inc, Chicago, IL, USA). Data distribution in all

groups was determined by the Kolmogorov–Smirnov test. The

Student’s t-test, expressed as mean ± standard deviation (SD),

was used to assess data that followed a normal distribution,

and the Mann–WhitneyU-test, with results expressed as med-

ian and interquartile range (25th–75th percentiles), was used to

assess non-normally distributed data. The Chi-squared (χ2) test

or Fisher’s exact test was used to assess the categorical vari-

ables. Binary logistic regression analysis was used to evaluate

the correlations between IL-17A and other inflammatory bio-

markers. Receiver operating characteristic (ROC) curve

analysis was used to evaluate the value of inflammatory bio-

markers in predicting and diagnosing RMPP. A two-tailed test

was used for all P-values, and aP-value < 0.05was considered

statistically significant.

Results
There were 625 children who were hospitalized with

a diagnosis of community-acquired pneumonia (CAP),

including cases of viral pneumonia (n = 122), bacterial

pneumonia (n = 189), Mycoplasma pneumoniae pneumo-

nia (MPP) (n = 176); there were cases of other pathogens,

mixed infection, and unclear pathogens (n = 138).

Of the 176 cases of MPP, there were 154 cases

(87.5%, 154/176) included in this study, with no other

detected underlying diseases; Of these patients, 122 cases

were diagnosed according to paired serum anti-

Mycoplasma IgM antibody titers (fourfold or greater

higher at the symptomatic recovery phase than acute

phase), and 32 cases were diagnosed according to posi-

tive sputum samples by PCR. These 154 children with

MPP were divided into two groups: the non-refractory

group (NRMPP) (n = 109) and a refractory group

(RMPP) (n = 45). The study flow chart is shown in

Figure 1.

Comparison of Clinical Characteristics

Between the NRMPP Group and the

RMPP Group
As shown in Table 1, there was no significant difference

in mean age, sex, or peak body temperature between the

two groups, NRMPP and RMPP (all P-values > 0.05).

The incidence of tachypnea, cyanosis and hypoxia were

significantly greater in the RMPP group than in the

NRMPP group (all P-values < 0.05). The mean duration

of hospitalization was longer in the RMPP compared

with the NRMPP group (P < 0.05). In the classification

of chest images, the incidence of segmental or

lobar pneumonia and pleural effusion were greater in

the RMPP group compared with the NRMPP group

(P < 0.05).

Comparison of Laboratory Findings

Between the NRMPP Group and the

RMPP Group
As shown in Table 2, there were no significant differences

in the white blood cell (WBC) counts, the percentage of
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neutrophils or lymphocytes, or in hemoglobin, platelets,

erythrocyte sedimentation rate (ESR), or procalcitonin

between the two groups (all P-values >0.05). Serum CRP,

ferritin, LDH, IL-18and IL-17A levels were significantly

higher in the RMPP group compared with the NRMPP

group (all P-values < 0.05).

CAP cases (n=625)

Excluded (n=449)

1.Viral pneumonia (n=122)

2.Bacterial pneumonia (n=189)

3.Other pathogens, mixed infection, or 

unclear pathogens (n=138)

MPP cases (n=176)

Excluded (n=22)

1.With congenital immunodeficiencies (n=1)

2.With allergic diseases (n=20)

3.With metabolic diseases (n=1)

Inclusion study (n=154)

NRMPP group (n=109) RMPP group (n=45)

Analyzed (n=109) Analyzed (n=45)

Figure 1 The study flow chart.

Abbreviations: CAP, community-acquired pneumonia; MPP, Mycoplasma pneumoniae pneumonia; NRMPP, non-refractory Mycoplasma pneumoniae pneumonia; RMPP,

refractory Mycoplasma pneumoniae pneumonia.

Table 1 Comparison of Clinical Characteristics Between NRMPP Group and RMPP Group

Clinical Characteristics NRMPP Group (n=109) RMPP Group (n=45) t or χ2 P-values

Age (years) 8.8 ± 2.8 9.3 ± 2.7 −0.898 0.371

Sex (n) 0.374 0.541

Male 62 28

Female 47 17

Peak body temperature (°C) 39.0 ± 0.9 39.2 ± 0.8 −1.320 0.189

Tachypneaa (n, %) 18 (16.5%) 15 (33.3%) 5.352 0.021

Cyanosis (n, %) 5 (4.6%) 7 (15.6%) 5.333 0.021

Hypoxiab (n, %) 10 (9.2%) 10 (22.2%) 4.799 0.028

Duration of hospitalization (days) 9.9 ± 2.2 13.5 ± 2.2 −9.296 0.000

Classification of chest images (n) 43.578 0.000

Bronchial pneumonia 86 10

Segmental/lobar pneumonia 23 35

Pleural effusion (n, %) 8 (7.33%) 17 (37.78%) 15.718 0.000

Notes: aTachypnea: infants, respiratory rate >70 breaths/min; older children, respiratory rate >50 breaths/min. bHypoxia: oxygen saturation <94%.

Abbreviations: MPP, Mycoplasma pneumoniae pneumonia; RMPP, refractory Mycoplasma pneumoniae pneumonia.
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Correlation Between Serum IL-17A and

Other Biomarkers in All Children with

MPP on Hospital Admission
The correlation between hospital admission serum levels

of IL-17A and the four other biomarkers showing

a significant difference between the NRMPP group and

the RMPP group, CRP, ferritin, LDH, and IL-18 were

analyzed by binary logistic regression analysis (Figure 2).

With the exception of CRP (r2 = 0.024, P = 0.053), levels

of serum ferritin, LDH and IL-18 were correlated with

the level of serum IL-17A (r2-values of 0.094, 0.122,

0.143; P-values of 0.001, 0.000, 0.000, respectively).

However, the values of the coefficient of determination

(r2) were very low. The level of serum IL-17A was also

affected by other unknown factors not studied in this

research.

Predictive Value of Serum IL-17A in

Children with RMPP
To evaluate the predictive value of serum IL-17A level for

RMPP, we examined the receiver operating characteristic

(ROC) curve for the biomarkers CRP, ferritin, LDH, IL-18,

and IL-17A. For each biomarker, the ROC curve was sig-

nificantly different between the NRMPP group and the

RMPP group. The results are shown in Figure 3 and Table 3.

An IL-17A level above 10.8 pg/mL was a predictor for

RMPP, with an area under the curve (AUC) of 0.822, stan-

dard error (SE) of 0.039, and 95% confidence interval (CI) of

0.746–0.897. The diagnostic sensitivity and specificity were

77.8% and 77.1%, respectively. An LDH level of 436.5 IU/L

and an IL-18 level of 464.5 pg/mL were the second most

useful biomarkers: AUC 0.775, 0.775; SE 0.038, 0.039; 95%

CI 0.700–0.850, 0.698–0.852; sensitivity 77.8%, 82.2%; spe-

cificity 62.4%, 59.6%; respectively.

Discussion
This preliminary retrospective study from a single center

has shown that for children admitted to hospital with

community-acquired pneumonia (CAP) and a diagnosis

of Mycoplasma pneumoniae pneumonia (MPP), measure-

ment of serum interleukin (IL)-17A may be a useful mar-

ker for the development of RMPP. Although previous

studies have shown a correlation between the severity of

MPP and serum C-reactive protein (CRP), ferritin, lactate

dehydrogenase (LDH), and IL-18,28–30 we believe that this

is the first study to show that serum IL-17A in children

may be a predictive marker for RMPP.

In this study, the incidence of tachypnea, cyanosis, and

hypoxia was higher in children with RMPP compared with

children with NRMPP. Segmental or lobar pneumonia and

pleural effusion occurred at a higher incidence in patients

with RMPP compared with patients with NRMPP. Patients

with RMPP had a longer duration of hospitalization than

those with NRMPP. However, there was no significant

difference in peak body temperature between patients

with RMPP and patients with NRMPP.

CRP is an acute-phase protein synthesized by hepato-

cytes and is one of the most widely used biomarkers of

inflammation, but it is non-specific and is usually seen at

very low levels in the blood of healthy people. CRP levels

can increase for short periods of time in patients with acute

Table 2 Comparison of Laboratory Findings Between NRMPP Group and RMPP Group

Laboratory Findings NRMPP Group (n=109) RMPP Group (n=45) z P-values

WBC (×109/L) 8.5 (7.1–9.6) 8.1(6.9–9.2) −0.682 0.495

Neutrophils % 61.5 (48.6–66.1) 60.4 (46.7–70.5) −0.050 0.960

Lymphocyte % 26.4 (20.3–39.1) 25.2 (15.9–36.8) −0.836 0.403

Hemoglobin (g/L) 122 (118–131) 121 (118–127) −1.158 0.247

Platelet (×109/L) 256 (175.5–302.0) 254 (180.5–357.0) −0.519 0.604

CRP (mg/L) 12.0 (7.4–16.8) 15.3 (11.1–23.0) −3.030 0.002

ESR (mm/h) 17.0 (12.0–22.5) 17.0 (14.0–24.0) −0.978 0.328

Procalcitonin (ng/mL) 0.16 (0.08–0.38) 0.15 (0.08–0.35) −0.062 0.951

Ferritin (ng/mL) 193.2 (141.3–261.6) 245.4 (180.7–355.4) −4.779 0.000

LDH (IU/L) 394.0 (321.0–494.5) 571.0 (441.5–664.5) −5.463 0.000

IL-18 (pg/mL) 416.1 (310.9–596.0) 686.4 (468.4–865.9) −5.353 0.000

IL-17A (pg/mL) 8.6 (6.4–10.7) 16.3 (10.9–21.3) −6.266 0.000

Note: All the blood samples were collected and determined within 24 hrs of admission.

Abbreviations: MPP, Mycoplasma pneumoniae pneumonia; RMPP, refractory Mycoplasma pneumoniae pneumonia; WBC, white blood cell; CRP, C-reactive protein; ESR,

erythrocyte sedimentation rate; LDH, lactate dehydrogenase; IL-18, interleukin-18; IL-17A, interleukin-17A.
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infection, myocardial infarction, inflammation, or trauma.35

Agnello et al36 reported that CRP can predict the severity of

CAP in children. In addition, a meta-analysis demonstrated

that there were correlations between serum levels of CRP

and pneumonia in infants.37 It has also been reported that

serum CRP can be used as a biomarker for evaluating the

efficacy of macrolides in macrolide-resistant MPP.28 In our

study, there was no correlation between levels of CRP and

IL-17A. However, CRP levels were significantly increased

in the RMPP group compared with the NRMPP group.

Serum ferritin is not only an iron storage protein but also

an important inflammatory biomarker.38 Studies have

shown that serum ferritin levels may correlate with the

severity of liver disease, acute and chronic inflammatory

diseases, infections, malignancy, renal failure, and meta-

bolic syndrome.39 In the pulmonary system, raised serum

ferritin is considered to indicate the activation of alveolar

macrophages and to reflect pulmonary inflammation and

tissue damage.40 Kawamata et al29 reported that serum

ferritin levels were positively correlated with the severity

of pediatric MPP, and could be a useful indicator for the

initiation of corticosteroid therapy. In our study, we found

significantly increased serum ferritin levels in children in

the RMPP group compared with children in the NRMPP

group.

LDH is a metabolic enzyme involved in anaerobic gly-

colysis, is present in the cytoplasm of all cells of the body,

and is composed of five isoforms: LDH-1, LDH-2, LDH-3,

LDH-4, and LDH-5.41 LDH-3 is the most abundant isoform

in lung tissue. Lu et al42 reported that serum LDH could be

used as a biomarker for predicting RMPP and evaluating

whether to initiate corticosteroid therapy during the early
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Figure 2 Correlation between serum IL-17A and other biomarkers in children with MPP.

Notes: (A) CRP. (B) Ferritin. (C) LDH. (D) IL-18. All the blood samples were collected and determined within 24 hrs of admission.

Abbreviations: IL-17A, interleukin-17A; CRP, C-reactive protein; LDH, lactate dehydrogenase; IL-18, interleukin-18.
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stages of patient hospitalization. Inamura et al43 reported

that a serum LDH level of ≥410 IU/L could be an appro-

priate level for the initiation of steroid therapy. The findings

of this study indicated that levels of LDH were significantly

greater in patients in the RMPP group compared with

patients in the NRMPP group, and a serum LDH level

above 436.5 IU/L was predictive for RMPP.

IL-18 is a pro-inflammatory cytokine and a member of

the IL-1 family and can combine with IL-12 to induce IFN-γ

production by T-cells, activate natural killer (NK) cells, and

participate in both innate and acquired immunity.27,44

Previous studies have shown a positive association between

serum IL-18 levels and the severity of MPP in adults.44 Choi

et al30 reported that levels of LDH and IL-18 were positively

correlated with MPP in children, and recommended that

serum IL-18 could be used as a biomarker for steroid therapy.

The findings of this study showed that serum levels of IL-18

were significantly increased in patients in the RMPP group

compared with patients in the NRMPP group, and a serum

IL-18 level above 454.5 pg/mL was predictive for RMPP.

IL-17A is a member of the IL-17 family and is secreted

from many types of innate and adaptive immune cells, with

Th17 cells being the major cellular source of IL-17. It plays

a crucial role in the induction of proinflammatory cytokines,

chemokines, metalloproteases, and other mediators of the

immune system.45–48 In addition, IL-17A also plays an

important role in the progression of pulmonary diseases.

Ding et al49 reported that IL-17A can facilitate pulmonary

inflammation and that it may play an important role in the

process of pulmonary fibrosis. Li et al31 reported that IL-17

expression was associated with the severity of acute respira-

tory distress syndrome (ARDS) and that blockade of IL-17

could inhibit pulmonary inflammation and reduce the sever-

ity of acute lung injury in a mouse model. Yang et al32

reported IL-17A in BALF may be a good predictor of the

severity of MPP in children. In our study, we found sig-

nificantly increased serum IL-17A levels in children with

RMPP compared with children with NRMPP. Of all the

serum markers studied, a serum IL-17A level above 10.8

pg/mL was the most significant predictor for RMPP.

It seems to be a certain correlation between IL-17A and

IL-18. Despite the ability of IL-17 to mediate inflammatory

pathology, it also plays a protective role in host defense against

bacterial, mycobacterial and fungal pathogens.50 IL-18 is

a cytokine that stimulates various cell types and has pleiotropic

functions. Besides allergic inflammation, IL-18 plays an

important role in host defense against various infectious

microorganisms because it strongly enhances the induction
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Figure 3 ROC curves of CRP, Ferritin, LDH, IL-18, and IL-17A.

Notes: Diagonal segments are produced by ties. All the blood samples were

collected and determined within 24 hrs of admission.

Abbreviations: CRP, C-reactive protein; LDH, lactate dehydrogenase; IL-18, inter-

leukin-18; IL-17A, interleukin-17A.

Table 3 ROC Curve of Inflammatory Markers in Children with RMPP

Inflammatory Markers Cutoff Value AUC SE 95% CI Sensitivity Specificity P-values

CRP 12.1 0.655 0.048 0.561–0.750 0.733 0.550 0.002

Ferritin 208.2 0.745 0.042 0.663–0.828 0.644 0.752 0.000

LDH 436.5 0.775 0.038 0.700–0.850 0.778 0.624 0.000

IL-18 464.5 0.775 0.039 0.698–0.852 0.822 0.596 0.000

IL-17A 10.8 0.822 0.039 0.746–0.897 0.778 0.771 0.000

Note: All the blood samples were collected and determined within 24 hrs of admission.

Abbreviations: ROC, receiver operating characteristic; MPP, Mycoplasma pneumoniae pneumonia; CRP, C-reactive protein; LDH, lactate dehydrogenase; IL-18, interleukin-

18; IL-17A, interleukin-17A; AUC, area under curve; SE, standard error; CI, confidence interval.
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of IFN-γ, nitric oxide, and reactive oxygen species in

phagocytes.51 However, the relationships between IL-17A

and IL-18 were rarely reported. Wynn et al52 reported that

IL-17A is an effector of IL-18-mediated injury in neonatal

sepsis, and the IL-18/IL-1R1/IL-17A axis exists in human

neonates with sepsis. In our research, a positive correlation

was found between the level of serum IL-18 and serum

IL-17A, with a low r2-value of 0.143 and a P-value of 0.000,

which also suggested that a certain relationship may exist

between them. Moreover, further studies are still needed to

explore the interaction between IL-18 and IL-17A.

Limitations
This study has several limitations. This was a retrospective

study, performed in a single center. The patient sample size

of the RMPP group was small and included 45 patients.

Some patients may have been co-infected with other patho-

gens that were not detected during their hospital admission

and may have been included in this study. In this retro-

spective study, blood sampling for serum analysis was not

controlled for collection at uniform time points. These fac-

tors from this preliminary retrospective study that may have

resulted in some study bias should be controlled by future

larger, multicenter, prospective studies.

Conclusion
In conclusion, this preliminary study of MPP in a pediatric

population has shown that measurement of serum IL-17A

can be a useful marker for the development of refractory

disease. Further controlled longitudinal studies are recom-

mended to evaluate the clinical role of serum IL-17A in

the prediction of RMPP in children.
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