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ABSTRACT

Background: Mycoplasma pneumoniae pneumonia (MPP) is often complicated with co-infections that worsen the prognosis, but the outcomes in pediatric cases are unclear. The aim of this study is to investigate the association of co-infection and outcomes in severe MPP that occurs in childhood. 
Methods: This retrospective study included 184 pediatric cases of severe MPP that were managed at our hospital (between January 2014 and December 2017). The cohort was divided into the single Mycoplasma pneumoniae infection, co-infection with a noxa other than M. pneumoniae, and co-infection with two or more noxae other than M. pneumoniae groups. The demographic and clinical information of the patients was compared via statistical analysis.
Results: The incidence of co-infections was high at 64.1%. Cytomegalovirus and Epstein-Barr virus were the most common causes of co-infection. According to the findings of binary logistic regression analysis, the presence of more than one pathogen (other than M. pneumoniae) was positively associated with the score determined from Pediatric Risk of Mortality III (β = 0.760, odds ratio [OR] = 2.139, 95% confidence interval [CI] = 1.391–2.390, P = 0.001), Pediatric Critical Illness Score (β = 1.203, OR = 3.328, 95% CI = 1.723–6.731, P = 0.000), and total length of hospital stay (β = 0.730, OR = 2.075, 95% CI = 1.404–3.066, P = 0.000). 
Conclusion: Viral and bacterial co-infection in pediatric cases of severe MPP is positively associated with hospitalization period and disease severity, and ultimately, may increase the chances of severe illness and death among children.
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Background:

Recently, the incidence of Mycoplasma pneumoniae infection has been found to gradually be increasing. M. pneumoniae has been reported to be a common cause of community-acquired pneumonia (CAP) in older children [2]. This finding has important implications, as CAP is a principal reason for morbidity and mortality worldwide [8]. A prospective observational cohort study of 886 consecutive children with CAP showed that 15.8% were positive for M. pneumoniae [3]. Further, a prospective, hospital-based, multicenter study of 1500 hospitalized children also showed that M. pneumoniae was the most common respiratory pathogen that caused pneumonia, as it was detected in 32.4% of the affected children [4]. In addition to the high incidence of this pathogen, co-infection in common in children with M. pneumoniae pneumonia (MPP). A retrospective descriptive study of 10,039 consecutive children with MPP showed that 2% of them were also infected with another bacterial pathogen [5]. Another study of 286 children with MPP showed that 84 (29.4%) had a co-infection with a respiratory virus, and the highest co-detection rate was observed in young children [6]. Li et al. reported a case of co-infection with Epstein-Barr virus, cytomegalovirus, and M. pneumoniae; their case exemplifies the challenges in the diagnosis of co-infection with multiple respiratory pathogens and the associated complications [7]. With regard to the prognosis of MPP accompanied by co-infection, a study on adults showed that bacterial co-infection with a respiratory virus may worsen patient outcome, including the severity and mortality of CAP [9]. However, there is no consensus about the prognosis of co-infections in children with MPP. For example, a prospective study of 59 children demonstrated that the clinical features, complications, and outcomes of patients with M. pneumoniae infection was not significantly differently from those of patients who had co-infection with M. pneumoniae and a viral pathogen [10], while a retrospective study of 396 children with refractory MPP showed that co-infection was associated with higher disease severity than single infections were [11]. Given these contradictory findings, it is important to investigate this topic further, in order to improve the diagnosis and prognosis of co-infection with MPP and other pathogens in children.  
The presence of co-infections in children who have severe MPP has not received much attention. Therefore, in order to shed light on the prognosis of this patient group, the present retrospective research was based on the hypothesis that in children, co-infections are associated with the degree of severity and the disease course of MPP.
MATERIALS AND METHODS

Study population

This retrospective research was conducted over a 48-month period (January 2014 to December 2017) and included children with severe MPP at a tertiary hospital in Fujian Province, China. M. pneumoniae infection was diagnosed based on positive serological results for total antibody (≥ 1:640) and IgM antibody. The severity of MPP was determined according to standard guidelines [12].

The exclusion criteria were abnormal development of the airway, presence of a congenital disease, presence of a genetically transmitted metabolic or autoimmune disease, presence of a neoplastic disease, malnutrition, human immunodeficiency virus infection, tuberculous infection, and incomplete clinical data.
Demographic and clinical data

The following information was collected from the medical records of the included patients: (1) basic demographic and clinical data (age, gender, hospitalization time, provision of supplemental oxygen, and duration of fever); (2) the data from laboratory tests performed within 24 h of admission (C-reactive protein [CRP] level, d-dimer levels, hemoglobin [Hb] level, lactate dehydrogenase [LDH] level, platelet [PLT] count, pre-albumin [PA] level, procalcitonin [PCT] level, red blood cell volume distribution width [RDW], and white blood cell [WBC] count), and the data from blood culture exam, chest radiography, and electrocardiography; (3) data on indicators of the degree of disease severity (systolic blood pressure, temperature, mental health status, status of the gastrointestinal system, heart beat rate, pupillary reflexes, glucose level, sodium level, potassium level, creatinine level, urea level, Hb level, PLT count, prothrombin time or partial thromboplastin time, WBC count, acidosis [pH], total CO2, PCO2, and arterial PaO2). Based on the worst values of the indicators of disease severity that were obtained within 24 h after hospital admission, the Pediatric Risk of Mortality (PRISM) III score and Pediatric Critical Illness Score (PCIS) were calculated. Within 72 h after admission, serum samples from the patients were examined for co-infection with the help of blood culture and deep sputum cultures for bacterial infection (a positive response was defined as two consecutive positive results for the same bacterial species), passive agglutination test for antibodies against M. pneumoniae, indirect fluorescence test for antibodies against nine viruses that are commonly implicated in co-infection (adenovirus, Chlamydia pneumoniae, Coxiella burnetti, influenza viruses A and B, Legionella pneumophila, M. pneumoniae, parainfluenza viruses 1, 2, and 3, and respiratory syncytial virus), fluorometric PCR assay for Epstein-Barr virus and cytomegalovirus, colloidal gold technique for enterovirus type 71, and ELISA for Herpes simplex virus.
Ethical compliance
The present research has received the approval of our hospital’s ethics committee (approval no. 2017-042). The patients, as well as the members of their family, provided their informed consent for participation in this study, and their data were anonymized.

Statistical analysis

All data were analyzed with the help of the software SPSS version 23.0 (IBM). The results obtained from descriptive analyses are presented as absolute frequencies or rates for categorical variables, as medians (Q25-to-Q75 values) for quantitative variables with non-parametric distribution, and as mean ± SD for quantitative variables with normal distribution. Between-group comparison of quantitative variables was performed by one-way analysis of variance or the Kruskal-Wallis test, as applicable. Comparison of categorical variables was done with the χ2 test. Binary multivariate logistic regression analysis was used to evaluate the association of co-infection with the severity of MPP and the hospitalization period. Statistical significance was assumed at P values below 0.05.
RESULTS

Demographic data
Between January 2014 and December 2017, 205 children with severe MPP were admitted to our hospital, but 10 were excluded because of incomplete clinical data. Further, in the 11 other cases that were excluded, the reason for exclusion was malnutrition in 3 cases, congenital tracheal stenosis in 4 cases, methylmalonic acidemia in 2 cases, and acute lymphoblastic leukemia in 2 cases (Figure 1). Thus, the final number of included patients was 184 (122 boys and 62 girls; male-to-female ratio, 1.97:1). 

The patients were classified into the following three groups: single M. pneumoniae infection (n = 66), co-infection with a single noxa other than M. pneumoniae (n = 58), and co-infection with two or more noxae other than M. pneumoniae (n = 60). These three groups were matched for gender and age (P > 0.05; Table 1). For the analysis, the study population was segmented into two severity levels based on the PRISM III scores: the group with score > 5 (n = 48) and the group with score ≤ 5 (n = 136) [13].

Co-infection with viral or bacterial pathogens was detected in 118 children (64.1%), and 200 noxae were detected from 184 encounters (Table 2). In 102 check-ups (55.4%), the co-infection involved viruses, while in 29 check-ups (15.8%), the co-infection involved bacteria. Eleven patients tested positive for three different noxae other than M. pneumoniae; two patients tested positive for four different noxae other than M. pneumoniae; one patient tested positive for five different noxae other than M. pneumoniae; and one patient tested positive for six different noxae other than M. pneumoniae. Cytomegalovirus was isolated in 36 of the 102 (35.3%) patients with viral co-detection; Epstein-Barr virus was isolated in 30 of the 102 patients (29.4%); Chlamydia pneumoniae, in 19 patients (18.6%); influenza B virus, in 12 patients (11.8%); and respiratory syncytial virus, in 9 patients (8.8%).

Staphylococcus aureus, Escherichia coli, and Staphylococcus aureus were isolated in 5 patients each of the 29 (17.3%) patients with bacterial co-infection, and Pseudomonas aeruginosa was isolated in 4 of the 29 cases (13.8%). The percentage of patients with bacterial co-infection was not significantly different between the three groups. There was no significant difference in the co-detection rates of noxae based on patient age or gender, or based on prematurity, respiratory comorbidity, cardiovascular complications, or adverse outcomes.

Clinical data
Fever was the most frequent symptom, and the duration of fever was not significantly different between the three groups. The proportion of infants who required invasive intubation significantly rose as the co-infection rate increased (P < 0.05; Table 1). Extrapulmonary complications were also common among the patients. The proportion of patients with heart failure and extrapulmonary complications that involved two or more systems significantly differed between the three groups; however, the rates of prematurity, non-invasive ventilation, pulmonary complications, and cardiovascular complications were not significantly different. With regard to laboratory examinations, increase in the number of pathogens was associated with a progressive increase in the proportion of patients with TLSH >14 days, PCIS < 80, and co-infection of bacteria (P < 0.05). A higher number of pathogens was also associated with a significant increase in TLSH, d-dimer levels, PRISM III score, and the estimated mortality based on PRISM III (P < 0.05). However, the WBC count, Hb level, PLT count, and RDW, as well as the CRP, PCT, PA, and LDH levels were not significantly different based on the number of pathogens (Table 1).
Correlation between co-infection and severity of MPP
The distribution of the PRISM III scores was skewed; therefore, the scores were transformed with the Blom formula so that their distribution was normal. For the purpose of statistical analysis, the study population was segmented into two severity levels: the severity level was considered as 0 when the PRISM III score was ≤5, and it was considered as 1 when the PRISM III score was >5. Binary logistic regression analysis was used to identify the variables that showed an independent association with the PRISM III score and PCIS. We found that co-infection with more than one pathogen (other than M. pneumoniae) was positively associated with the PRISM III score (β = 0.760, odds ratio [OR] = 2.139, 95% confidence interval [CI] = 1.391–2.390, P = 0.001) and PCIS (β = 1.203, OR = 3.328, 95% CI = 1.723–6.731, P = 0.000). 

Correlation between co-infection and TLSH
The distribution of the TLSH data was skewed; therefore, the data were transformed with the Blom formula to ensure the distribution was normal. For the purpose of statistical analysis, the study population was segmented into two severity levels: the severity level was considered as 0 when TLSH was ≤14 days, and it was considered as 1 when TLSH was >14 days. Binary logistic regression analysis was conducted to identify variables that showed an independent association with TLSH. We found that co-infection with more than one pathogen (other than M. pneumoniae) was positively correlated with TLSH (β = 0.730, OR = 2.075, 95% CI = 1.404–3.066, P = 0.000).
DISCUSSION

This study is the first to investigate the outcomes of co-infection in pediatric patients with severe MPP. These findings are highly relevant, because in recent years, the incidence of MPP has been on the increase, and it is responsible for up to 40% of pediatric CAP cases [14]. 
Mixed infections are common in patients with MPP. For example, Wang et al. reported that viral co-infection accounted for 37.0% of MPP cases [15], and Colin et al. reported a >50% rate of co-infection in MPP cases [16]. Consistent with these studies, the prevalence of co-infection in patients with severe MPP in this study was as high as 64.1%. Bacterial co-infections may complicate and prolong stay in the pediatric intensive care unit [18]. In a retrospective, observational study that was conducted from 2010 to 2018, it was shown that community-acquired bacterial co-infection was common in patients with influenza-associated pneumonia, but the associated risk factors have not been identified. Additionally, bacterial co-infection was found to be a potential predictor of disease severity, and was an independent risk factor for in-hospital mortality [19]. In the present study, too, co-infection with bacteria, especially in cases with more than one noxa apart from M. Pneumoniae, was associated with higher disease severity. Further, in this study, the most commonly reported viral co-infection in children with severe MPP were cytomegalovirus and Epstein-Barr virus infection. Importantly, the findings so far indicate that interaction between multiple organisms could have adverse effects, including virus-induced airway damage, promotion of bacterial adherence, decrease in mucociliary clearance, and eventually, impairment of the immune system [20].

Steensels et al. reported that the presence of another pathogen was strongly associated with a higher need for supplemental oxygen [21]. A retrospective study of 2219 children hospitalized with CAP demonstrated that when compared to children who had only viral infection, children who had virus–bacterium co-infection had a higher incidence of leukocytosis, consolidation on their chest radiographs, parapneumonic effusion, admission to the intensive care unit, mechanical ventilation, and prolonged hospitalization. In contrast, virus–virus co-infections usually have similar features to single-virus infections, except for the need for oxygen supplementation [22]. Similarly, another retrospective, single-center, cohort study of 477 children with respiratory failure demonstrated that multiviral infections were associated with longer PICU stay and prolonged mechanical ventilation [23]. In agreement with these published studies, the findings of the present study cohort also demonstrate that an increase in the number of pathogens was associated with an increase in the need for invasive mechanical ventilation and an increase in TLSH.

MPP is usually a benign self-limiting disease. However, it may sometimes cause various extrapulmonary complications and, thereby, affect the ultimate disease outcome [24]. In the present cohort, a higher number of co-pathogens in children with severe MPP was found to be associated with an increased incidence of heart failure and extrapulmonary complications involving two or more systems. Based on these findings, it is possible that MPP precedes and intensifies subsequent infections with various respiratory viruses and bacteria, as has been previously speculated [16,25].

Some studies have investigated the association of co-infection with the outcome of pneumonia. For example, Loubet et al. reported that virus–bacteria co-infection was associated with a higher mortality rate than bacteria-only and virus-only infection (62% vs. 40% and 35%) in adults with hospital-acquired pneumonia [26]. Further, a retrospective study of 1503 adults with viral pneumonia demonstrated that viral–bacterial co-infection was an independent predictor of mortality [27]. Another retrospective study in children hospitalized with influenza-related lower respiratory tract infection from 2008 to 2018 also reported that secondary bacterial infection was an independent risk factor for mortality [28]. Rehder et al. reported that children who have infection with multiple respiratory viruses may have a higher risk of moderate or severe illness and mortality, and the risk might be more pronounced in previously healthy children [29]. In the present study, binary logistic regression analysis showed that the presence of co-infections with multiple pathogens was positively associated with TLSH and the PRISM III score and PCIS. Thus, severe MPP along with co-infection with multiple pathogens in children might be associated with an increased risk of severe illness and mortality.

The limitations of this study are its retrospective design and the lack of randomization. Nonetheless, the findings are important as a basis for further research in the area, as they establish the risk of co-infection with multiple pathogens in MPP.
CONCLUSION
This present study demonstrated that viral and bacterial co-infections are relatively common in severe MPP, with cytomegalovirus and Epstein-Barr virus being the most common cause of co-infection. Importantly, co-infection with multiple pathogens was found to be associated with increased length of hospital stay and higher disease severity, which may be indicative of higher mortality risk.

Footnotes

Clinical Trial Registration Code: ChiCTR1900023117.

Ethical Approval: This study has received the approval of the Ethics Committee of our institution (approval no. 042 (2017)).
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 Figure 1 Flow chart showing the selection and exclusion of the patient population in this study
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