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Background: To investigate the clinical characteristics of children with persistent wheezing (PW) with Mycoplasma pneumoniae (MP) DNA in bronchoalveolar lavage fluid (BALF).

Methods: This retrospective case-control study included consecutive admitted children under 3 years of age who were diagnosed with PW and had MP DNA detected in BALF. Patients with mycoplasma pneumoniae pneumonia (MPP) and foreign-body aspiration (FBA) were enrolled as controls. The clinical characteristics of the groups were compared.

Results: During the study period, there were 89 patients diagnosed with PW without structural anomalies of the conductive airways, and 30 of these patients (33.7%, 30/89) with MP DNA detected in the BALF were selected as the study group. We included 44 patients with MPP and 44 patients with FBA as controls. Patients with MPP were older and had a higher occurrence of fever and C-reactive protein (CRP) than patients with PW (all P < 0.001). The median MP DNA copy number in patients with MPP was higher than that of patients with PW (P = 0.004). The median level of MP IgG in patients with PW was lower than that of patients with MPP and higher than that of patients with FBA (all P < 0.001). MP DNA copy number positively correlated with age (r = 0.392, P = 0.001) and CRP (r = 0.235, P = 0.048).

Conclusions: Our study reveals that MP was highly detected in the BALF of PW patients. In addition, young patients with a low load of MP infection showed lower amounts of antibody, and a weak inflammatory response might be associated with PW.
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INTRODUCTION

It is believed that Mycoplasma pneumoniae (MP) causes a wide variety of respiratory diseases, including upper respiratory tract illnesses, bronchitis, atypical pneumonia and extrapulmonary diseases (1, 2). It is also believed that MP can trigger wheezing episodes, especially in young children (3, 4). Persistent wheezing (PW) is common in childhood and accounts for an extensive use of medical resources (5). However, most of the literature on PW has been case series studies, and comprehensive rigorous clinical research on PW is limited, resulting in poor knowledge of the physiopathology of PW (6). Studies have shown that MP can grow intracellularly and can establish chronic infection (1, 7). Previous studies suggested that chronic MP infection is related to chronic inflammation and persistent bronchial hyper-responsiveness in children and adults with asthma (8–10). Clinical evidence has demonstrated that MP is a pathogen of PW (11, 12). Treatment of patients with PW with conventional asthma therapy has not been completely effective (12), indicating that PW and asthma might have different physiopathologies.

In this study, we examined the clinical characteristics of children with PW with MP DNA detected in the bronchoalveolar lavage fluid (BALF) compared with those of patients with mycoplasma pneumoniae pneumonia (MPP) and foreign-body aspiration (FBA). We further explored the physiopathology of patients with PW infected by MP.



METHODS

This was a retrospective case-control study that included consecutive pediatric patients under 3 years of age who were diagnosed with PW and had MP DNA detected in BALF at the Children's Hospital of Soochow University from January 2013 to December 2019. The exclusion criteria were as follows: (1) gastroesophageal reflux; (2) congenital heart disease; (3) neuromuscular disorder; (4) born prematurely or birthweight <2,500 g; (5) airway structural abnormalities; (6) endobronchial tuberculosis; (7) family history of smoking; (8) immune deficiency; and (9) antibiotics use within 1 month before hospitalization.

We also enrolled consecutively admitted pediatric patients under 3 years of age diagnosed with MPP or FBA as control groups. The exclusion criteria were as follows: (1) congenital or acquired immunodeficiencies; (2) history of wheezing; (3) airway structural abnormalities; and (4) family or personal history of atopy. We chose patients with FBA as control group because performing flexible fiberoptic bronchoscopy in healthy patients is unethical. Patients with FBA were also excluded from the study if they had endoscopic bronchial inflammation.

This study was approved by the Ethics Committee of the Soochow University.


Medical Data Collection

The following data were collected after admission: (1) demographic data, such as age and sex; (2) clinical data, such as fever and duration of hospitalization; (3) laboratory data, such as complete blood count, neutrophil ratio, lymphocyte ratio, platelets, C-reactive protein (CRP), and specific IgE detected from peripheral blood samples and obtained within 6 h after admission; (4) Indeed, because MP is frequently recovered in upper respiratory tract of normal children and serologic tests (IgG and IgM) are frequently positive for patients without any symptoms, the diagnosis of MP diseases is challenging (13), combined serology and PCR is the optimal test to confirm MP infection (14). Therefore, in our study, MP was detected using both BALF and serum samples; (5) adenovirus, respiratory syncytial virus, parainfluenza virus 1-3, influenza virus A and influenza virus B were detected with nasopharyngeal swab samples using direct fluorescent antibody test; rhinovirus, human metapneumovirus and bocavirus were also examined with nasopharyngeal swab samples by PCR; and bacteria were detected using BALF samples, with bacterial growth >104 cfu/ml considered significant (11); and (6) For patients with MP infection, azithromycin is the preferred treatment (15), because it can be administered only once a day. In addition, this treatment requires fewer days and is associated with high compliance and tolerance. For patients with serious illness who need hospitalization, azithromycin (10 mg/kg/day) was prescribed intravenously for 5–7 consecutive days.



Flexible Fiberoptic Bronchoscopy

A flexible fiber optic bronchoscope [Fujinon EB-270P (3.6 mm), Miyoshi, Japan or Olympus CV260 (2.8, 4.0 mm), Tokyo, Japan] was used according to China Respiratory Society recommendations, as previously described (16). The collected BALF was used for cell count and microbiological (MP and bacteria) analysis.



Cell Counts

Cell counts were obtained using a modified version of Wright–Giemsa staining (Wright-Giemsa Stain, Baso Diagnostics Inc., China). At least 500 cells were examined. Data are expressed as a ratio of cells in total cell counts (16).



Quantitative Detection of MP

A quantitative real-time PCR kit (DaAn Gene Co. Ltd., Guangzhou, China) was used to measure MP load; the assay was performed in accordance with the manufacturer's instructions (14). PCR amplification was performed using a 7600 RT PCR system (Applied Biosystems, Foster City, CA, USA). The detection limit was >2,500 copies/mL.



MP Serology

MP specific antibodies (IgM and IgG) were detected using a commercial test kit (Shenzhen YHLO Biotech, Shenzhen, China). IgG > 24 RU/mL was considered positive, and IgM > 1.1 S/CO was considered positive (14).



Clinical Definitions

PW was defined as wheezing lasting at least 4 weeks with no response to inhaled steroid and bronchodilator therapy (11). For patients with persistently focal crackles or with an axillary temperature >39.0°C, chest X-ray was needed to rule out pneumonia.

MPP was diagnosed when patients presented the following symptoms: (a) fever, irritant dry cough and dyspnea, wheezes or crackles, and pulmonary infiltrates on radiographs; and (b) MP DNA detected in BALF samples together with a positive IgM.

Fever was defined as an axillary temperature ≥38.0°C.

Allergic status was considered when an elevated specific IgE was found in blood.



Statistical Analysis

Data analyses were performed using SPSS 21.0 software (IBM SPSS). We examined data normality using the Shapiro–Wilk test. Non-normal distribution data are presented as the medians [25–75th interquartile range (IQR)]. Statistical differences between groups were determined using non-parametric analyses (Mann–Whitney U test or the Kruskal–Wallis test). Differences in categorical variables were determined using the Chi-squared test. Correlations between the number of copies of MP DNA and the continuous variables were determined by Spearman correlation. P-values < 0.05 were considered statistically significant.




RESULTS

Between January 2013 and December 2019, there were 89 patients diagnosed with PW without structural anomalies of the conductive airways, and 30 of these patients (33.7%, 30/89) with MP DNA detected in the BALF were considered as the study group. In addition, 44 patients with MPP and 44 patients with FBA were considered as controls. In total, we enrolled 118 patients in the study. The patient age range was 3 to 35 months [median 18.0 (IQR (13.0–23.0)) months]. In the PW group, the budesonide dosages ranged from 1.0–2.0 mg daily, and the treatment duration [median (IQR)] was 1.0 (1.0–2.0) months.

The demographic and clinical characteristics of the enrolled patients are presented in Table 1. Compared with patients with PW, patients with MPP were older (P < 0.001) and had a higher occurrence of fever (P = 0.004), a higher neutrophil ratio (P = 0.003), a lower lymphocyte ratio (P = 0.007) and a higher CRP (P < 0.001). Compared with patients with PW, patients with FBA were older (P = 0.002) and had a lower occurrence of fever (P = 0.001). Compared with the patients with MPP, patients with FBA were younger (P < 0.001) and had a lower occurrence of fever (P < 0.001), a lower neutrophil ratio (P < 0.001), a higher lymphocyte ratio (P < 0.001) and a lower CRP (P < 0.001).


Table 1. Comparison of the clinical characteristics among patients with persistent wheezing, mycoplasma pneumoniae pneumonia and foreign-body aspiration.
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The BALF cellular contents of the patients are presented in Figure 1. The bronchoalveolar lavage cell level in FBA patients was relatively normal. Patients with MPP had significantly higher neutrophil percentages compared with patients with PW [median 60.0% (IQR 33.0–84.0%) vs. 40.0% (23.5–62.5%), P = 0.023] and patients with FBA [median 60.0% (IQR 33.0–84.0%) vs. 22.5% (12.0–34.5%), P < 0.001] (Figure 1A). Patients with FBA had a significantly higher alveolar macrophage percentage compared with patients with PW [median 69.0% (IQR 58.5–83.0%) vs. 50.0% (26.0–66.5%), P = 0.001] and patients with MPP [median 69.0% (IQR 58.5–83.0%) vs. 25.0% (11.0–60.0%), P < 0.001] (Figure 1B). There were no significant differences in lymphocyte percentages (Figure 1C) and eosinophil percentages (Figure 1D) among patients with PW, patients with MPP and patients with FBA.
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FIGURE 1. BALF cell profile in patients with PW, MPP and FBA. The percentages of neutrophils (A), alveolar macrophages (B), lymphocytes (C) and eosinophils (D) in bronchoalveolar lavage of patients with PW, MPP and FBA. Each dot, box and triangle indicates an individual patient.


MP DNA loads and MP antibodies levels are presented in Figure 2. The median BALF MP DNA copy number was higher in patients with MPP than that in patients with PW [median 3,380,000 copies/mL (IQR 51,900–25,000,000 copies/mL) vs. 126,550 copies/mL (10007.5–997,500 copies/mL), P = 0.004] (Figure 2A). The median level of MP IgG was higher in patients with MPP than patients with PW [median 60.17 RU/mL (IQR 15.65–179.78 RU/mL) vs. 11.86 RU/mL (4.58–29.81 RU/mL), P < 0.001] and patients with FBA [median 60.17 RU/mL (IQR 15.65–179.78 RU/mL) vs. 2.53 RU/mL (2.0–7.34 RU/mL), P < 0.001] (Figure 2B). The level of MP IgG was higher in patients with PW than patients with FBA [median 11.86 RU/mL (IQR 4.58–29.81 RU/mL) vs. 2.53 RU/mL (2.0–7.34 RU/mL), P < 0.001] (Figure 2B). The median level of MP IgM was higher in patients with MPP than patients with PW [median 2.47 S/CO (IQR 1.43–4.19 S/CO) vs. 0.56 S/CO (0.41–1.0 S/CO), P < 0.001] and patients with FBA [median 2.47 S/CO (IQR 1.43–4.19 S/CO) vs. 0.52 S/CO (0.31–0.83 S/CO), P < 0.001] (Figure 2C). The median level of MP IgM in patients with PW was not different from patients with FBA [median 0.56 S/CO (IQR 0.41–1.0 S/CO) vs. 0.52 S/CO (0.31–0.83 S/CO), P = 0.204] (Figure 2C).
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FIGURE 2. MP DNA loads and MP antibody levels in patients with PW, MPP and FBA. (A) MP DNA loads in the BALF of patients with PW, MPP and FBA; (B) Serum IgG levels in patients with PW, MPP and FBA; (C) Serum IgM levels in patients with PW, MPP and FBA; (D) Correlation of MP DNA loads and serum IgG levels; and (E) Correlation of MP DNA loads and serum IgM levels. Each dot, box and triangle indicates an individual patient.


We further evaluated the correlation between the MP DNA copy number and MP antibodies. We found that MP DNA copy number [median 267,000 copies/mL (IQR 209000–25000000 copies/mL)] was not correlated with IgG [median 13.10 RU/mL (IQR 3.94–64.21 RU/mL)] (r = 0.101, P = 0.393) (Figure 2D), but it positively correlated with IgM [median 0.96 S/CO (IQR 0.50–2.09 S/CO)] (r = 0.399, P < 0.001) (Figure 2E).

MP DNA copy number [median 267,000 copies/mL (IQR 209,000–25,000,000 copies/mL)] was positively correlated with age [median 18.0 months (IQR 13.0–23.0 months)] (r = 0.392, P = 0.001) (Figure 3A), CRP [median 3.08 mg/dL (IQR 0.46–11.85 mg/dL)] (r = 0.235, P = 0.048) (Figure 3B), and BALF–neutrophils [median 33.5% (IQR 20.0–66.0%)] (r = 0.260, P = 0.027) (Figure 3C) and inversely correlated with alveolar macrophages [median 55.5% (IQR 20.0–71.5%)] (r= −0.322, P = 0.006) (Figure 3D).
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FIGURE 3. Correlation of MP DNA copy number and age (A), CRP (B), BALF-neutrophils (C), and alveolar macrophages (D). Each dot indicates an individual patient.


Among 30 patients with PW, specific IgE was detected in 16 patients: 7 patients had an elevated blood level of specific IgE and were considered allergic and 9 patients were non-allergic. Comparison of the BALF cellular contents between these two groups revealed no significant difference in the percentages of neutrophil, lymphocytes, eosinophils and alveolar macrophages in BALF between allergic and non-allergic patients (Table 2).


Table 2. BALF cellular content in allergic and non-allergic patients.
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The etiologic agents of the 30 patients with PW are presented in Table 3. MP alone was found in 14 patients, and mixed infection was found in 16 patients.


Table 3. Etiologic agents of 30 patients with persistent wheezing.
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All PW and MPP patients received intravenous azithromycin (10 mg/kg/day) for 5 consecutive days. The duration of hospitalization was not different between PW and MPP groups [median 10.0 days (IQR 8.0–13.0 days) vs. 9.0 days (8.0–12.75 days), P = 0.783]. Data of a 1-year follow-up study on these PW patients were available in 22 patients. Among these 22 patients, 9 (40.9%, 9/22) patients with PW experienced at least one episode of wheezing, and 13 (59.1%, 13/22) patients did not report wheezing episodes.



DISCUSSION

PW is common in childhood, and bronchial alveolar lavage is often suggested for the evaluation of children with PW. Notably, our study demonstrated that MP was highly detected in the BALF of PW patients. Therefore, clinicians should be alert to MP infection when treating patients with PW.

In our study, patients with MPP were older and had a higher occurrence of fever, a higher neutrophil ratio, a lower lymphocyte ratio and a higher CRP than patients with PW. These results indicate that patients with MPP have a strong inflammatory response compared with patients with PW, and these findings are consistent with those of previous studies (17, 18).

In our study, patients with MPP had a significantly higher BALF-neutrophil percentage than patients with PW. In addition, BALF MP DNA copy number was positively correlated with BALF-neutrophils. The interleukin-8 chemokine is involved in the recruitment of neutrophils (19). Lipid-associated membrane proteins from MP can stimulate pulmonary epithelial cells to express interleukin-8 in vitro (20). Increased interleukin-8 in the BALF was found in patients with MP lung infection (21), and the percentages of BALF neutrophils positively correlated with the levels of interleukin-8 in PW and asthma patients (22). Therefore, high MP loads in the BALF might induce high BALF-neutrophil percentages mediated by interleukin-8.

In our study, the median level of MP IgG in patients with PW was lower than that of patients with MPP but higher than that of patients with FBA. The median level of MP IgM in patients with PW was lower than that of patients with MPP, and the median BALF MP DNA copy number was lower in patients with PW than that of patients with MPP. MP possesses both glycolipid and protein antigens that elicit antibody responses, and MP-specific antibodies contribute to eliminate MP after infection (1). Previous studies reported that chronic MP infection may occur among patients with humoral immunodeficiency after initial infection (23–25). Our findings may suggest that lower loads of MP infection elicit lower antibody responses, leading to the chronic carriage of MP.

Our results showed that MP DNA copy number was positively correlated with age and CRP. These findings indicate that young patients had a lower load of MP infection compared with older patients, which might lead to a lower inflammatory response.

We did not detect any significant difference in the percentages of neutrophil, lymphocytes, eosinophils and alveolar macrophages in the BALF between allergic and non-allergic PW patients. This result suggests that the BALF cell profile in PW patients might not correlate with atopic status, which is in agreement with the results of a previous study (26).

In our study, the duration of hospitalization was not different between PW and MPP groups. One reason might be that MP RNA clearance was reported as faster among patients with PW after azithromycin treatment (27).

Our study had several limitations. First, we did not set a control group of patients with acute MP bronchitis. However, performing flexible fiberoptic bronchoscopy in patients with MP bronchitis is unethical. A previous study reported the mean level of CRP in infants with acute MP bronchitis was 8.5 mg/dL (28). In our study, the median level of CRP in patients with PW was 1.22 mg/dL, indicating that patients with acute MP bronchitis might have a stronger inflammatory response than patients with PW. Second, we did not explore the mechanisms underlying the neutrophil induction by MP in the BALF of patients with MPP and PW. Third, we used relatively stringent exclusion criteria and therefore small numbers of subjects were included in this study. Therefore, clinical studies with larger samples are needed in the future. Fourth, in our study, viruses were detected in 12 (40.0%, 12/30) patients with PW. Because these viruses were detected with nasopharyngeal swab samples, it was difficult to distinguish what was the real cause of PW. Therefore, further studies are needed to detect these viruses in the BALF. Fifth, although our study argued for a role for MP in both situations, there was no evidence that antibiotic treatment had a positive impact on outcome. Finally, the percentage of eosinophils in the BALF was not different between allergic and non-allergic PW patients. However, we did not detect activated and degranulated eosinophils, and further studies are needed to examine eosinophil cationic protein levels in the BALF between the two groups.

In conclusion, our findings revealed that MP was highly detected in the BALF of PW patients. Young patients with a low load of MP infection may elicit lower amounts of antibodies, and a weak inflammatory response might be associated with PW.
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Parameters Persistent wheezing

group
(n=30)
Age, median (IGR), months. 11.50 (7.75-19.0)
Meale, n (%) 21 (70.0)
Fever, n (%) 18 (60.0)
Whole blood cell analysis
Peripheral leukocyte count, median (IGR), x 10°/L 11.48 (7.81-14.61)
Neutrophil atio, median (QR), % 3670 (20.48-47.75)
Lymphocyte ratio, median (QR), % 52.85 (39.83-62.70)
Platelet number, median (IQR), 109/L. 408.0 (289.50-480.0)
Crreactive protein, median (IQR), mg/dL 1.22 (0.25-5.13)

QR interquarti range.

*Mycoplasma pneumoniae pneumonia group vs. persistent wheezing group, P < 0.05.
bForeign-body aspiration group vs. persistent wheezing group, P < 0.05.

¢Mycoplasma pneumoniae pneumonia group vs. foreign-body aspiration group, P < 0.05.
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