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Purpose: This retrospective cohort study aimed to evaluate the clinical efficacy of ulinastatin (UTI) and azithromycin (AZM) 
combination therapy in treating severe pneumonia in children and its impact on inflammatory cytokines and oxidative stress.
Patients and Methods: This retrospective cohort study was conducted from January 1, 2019, to January 1, 2021, involving pediatric 
patients diagnosed with severe mycoplasma pneumonia (SMPP). The pediatric patients were divided into two groups: those receiving 
UTI and AZM combination therapy (treatment group) and those receiving azithromycin alone (control group). We compared the two 
groups regarding clinical data, disease outcomes, inflammatory cytokines, and oxidative stress levels.
Results: Baseline characteristics did not significantly differ between the two groups. UTI, in combination with AZM, significantly 
improved blood oxygen levels, inflammatory infection markers, and relevant clinical symptoms in patients with SMPP on the 3rd day 
of treatment. Additionally, it significantly reduced the levels of inflammatory cytokines TNF-a, IL-6, IL-1β, and IL-10, as well as 
oxidative stress markers GSH and SOD.
Conclusion: Combining UTI and AZM can rapidly alleviate clinical symptoms and effectively control the progression of patients 
with SMPP. Therefore, this treatment approach deserves consideration for clinical promotion and utilization.
Keywords: severe mycoplasma pneumonia, ulinastatin, azithromycin, pediatrics

Introduction
Mycoplasma pneumoniae pneumonia (MPP) is a common, self-limited disease associated with Mycoplasma pneumo-
niae (M. pneumoniae), which tends to have higher incidence in preschool children. However, a small proportion of 
children with MPP may progress to severe mycoplasma pneumoniae pneumonia (SMPP), which can involve other 
complications that pose a life-threatening risk. SMPP is characterized by persistent fever, respiratory dysfunction, and 
pulmonary inflammatory infiltration accompanied by systemic inflammation.1 Once the children develop into SMPP, 
the duration of disease is significantly prolonged, making it challenging to cure and increasing the likelihood of 
recurrence.

The primary treatment strategies for SMPP include symptomatic management and antibacterial treatment.2 AZM is 
the mainstay antibacterial drug; however, its effectiveness in children with SMPP is diminishing due to the increasing 
drug resistance caused by prolonged antibiotic use.3 Furthermore, while AZM has been demonstrated to possess anti- 
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inflammatory effects in certain diseases,4,5 its primary mechanism of action against SMPP remains the targeting of the 
ribosomes of the bacterium, disrupting bacterial protein synthesis, and thereby achieving its antibacterial effects.6 As 
a result, children with SMPP often exhibit suboptimal response to AZM. Recent evidence7,8 has shown that combining 
AZM with other drugs or traditional Chinese medicine compounds can improve clinical efficacy.

UTI, a human protease inhibitor, inhibits multiple proteases activities and releases inflammatory factors.9,10 It has 
been shown to have protective effects against acute lung injury11 and is currently utilized in treating ARDS, multi-organ 
failure, and sepsis. Numerous clinical trials have demonstrated the effectiveness of UTI in treating ARDS, with outcomes 
including reduce mortality, rates of ventilator associated pneumonia, duration of mechanical ventilation, length of ICU 
stay, and length of hospital stay.12

However, whether the combination of UTI and AZM effectively improves treatment outcomes in children with SMPP 
remain unknown. Therefore, this study aims to evaluate the efficacy of UTI combined with AZM in children with SMPP 
and its impact on inflammatory cytokines and oxidative stress.

Materials and Methods
Trial Design and Participants
This study was conducted at the Pediatric Department of Southeast Central Hospital in Dongguan City from 
January 2019 to January 2021. A total of 137 children diagnosed with SMPP were enrolled in the study. These 
diagnostic criteria for SMPP followed as the Guidelines for Diagnosis and Treatment of Community-Acquired 
Pneumonia in Children (2019 Edition).13 Among them, 53 children received combined UTI with AZM treatment, 
while 84 received AZM treatment alone. Based on the inclusion and exclusion criteria, we analyzed clinic data from 
80 eligible children, 40 children in the UTI+AZM group and 40 children in the AZM group. The details are 
presented in Figure 1.

Figure 1 Flowchart for case grouping.
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The inclusion criteria were follows:

1. Extremely high fever or persistent high fever lasting more than 5 days. (The physical temperature of more than 
37.5°C was defined as fever, more than 40.0°C was defined as extremely fever).

2. Significantly increased respiratory rate, with rate ≥ 50 breaths per minute (for individuals over one year old) or 
requiring assistance with breathing (indicated by moaning, nasal flaring, or the presence of the three-concave sign).

3. Cyanosis or oxygen saturation < 92%, PaO2 < 80mmHg, PaCO2 > 50mmHg. (1mmHg = 0.133kPa).
4. Chest X-ray imaging revealing two-thirds unilateral lung infiltration, multi-lobar lung infiltration, pleural effusion, 

pneumothorax, atelectasis, lung necrosis, lung abscess, or other pulmonary complications.
5. Diagnosis of SMPP based on a positive Mycoplasma pneumoniae antibody titer of 1:160, confirmation through 

throat sputum culture, or positive retesting of M. pneumoniae DNA by PCR.

The exclusion criteria were:

1. Age below 1 year and weight below 6 kg.
2. Presence of systemic diseases other than MPP, congenital diseases, prior history of drug therapy or immunosup-

pressive therapy, contraindications to UTI therapy, or refusal to receive UTI treatment.

Written informed consent was obtained from the legal guardians of all participants in accordance with the principles 
stated in the Declaration of Helsinki. The trial protocol was approved by the institutional review board of Dongguan 
Southeast Central Hospital.

Therapeutic Method and Outcome Judgment
In the AZM treatment group (AG), patients were administered AZM (10mg/kg) mixed with a 30mL 5% glucose solution 
intravenously once daily for one week. In the Combined Treatment Group (CG), patients received UTI (5000U/kg, NMPN 
H20040476; Guangdong Techpool Biochemical Pharmaceutical Co., Ltd., Guangdong, China) and AZM (10mg/kg) mixed with 
a 30mL 5% glucose solution intravenously twice daily for a duration of one week. Both groups received standard conventional 
treatment as per the “Guidelines for Diagnosis and Treatment of Community-Acquired Pneumonia in Children (2019 edition).”11 

It included appropriate antimicrobial therapy, symptomatic treatment, maintenance of fluid and electrolyte balance, and 
supportive care.

The outcomes were assessed according to the Pan Jin lan14 method as follows:

1. Cure: Resolution of clinical symptoms and signs, with the imaging indicates the resolution of lung inflammation.
2. Significant improvement: Resolution of clinical symptoms and signs, with normal some laboratory infection 

indicators: WBC, CRP, LDH, and normalization or significant reduction of infection indicators to the level of 
healthy individuals is defined as normal. The imaging suggests the disappearance or a 2/3 reduction in lung 
inflammation.

3. Effective: Improvement in some clinical symptoms and signs, with a slight improvement in objective indicators.
4. Ineffective: No improvement or worsening of main symptoms and signs after 72 hours of medication, minimal or 

aggravated changes in objective indicators, or some cases, mortality was observed.

Detection of Inflammatory Factors and Oxidative Free Radicals
Serum inflammatory cytokines, including IL-6 (JL14113), IL-10 (JL19246), IL-1β (JL28060), TNF-a (JL28792), and 
SAA (JL10489), were measured using enzyme-linked immunosorbent assay (ELISA) method. The EILSA procedure was 
performed following manufacturer’s instructions. Additionally, the oxidative free radical indicators GSH and SOP were 
assessed ELISA kits. All ELISA kit obtained from Jianglai Biology, Shanghai.
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Statistic Analysis
Data analysis was performed using SPSS 17.0 statistical software and GraphPad Prism 8.0 software. The chi-square test 
was used to compare categorical variables. For normally distributed data, a two-tailed ttest was conducted. Non- 
parametric tests, such as the Mann–Whitney U-test or Wilcoxon rank-sum test, were used for data with non-normal 
distribution. The results were expressed as mean ± standard deviation (mean ± SD) for normally distributed data. 
A p-value less than 0.05 was considered statistically significant.

Results
Participants’ Characteristics
The study collected cases as shown in Figure 1. Before admission, a comparison was made between the baseline 
characteristics of patients in the AG group and the UG group (Table 1). These characteristics primarily included age, 
number of individuals, gender, symptoms, signs, and other comorbidities. The results presented in e 1 indicated that 
cough, fever, and dyspnea were common clinical symptoms observed in SMPP patients. A few patients may have had 
both viral and microbial infections simultaneous. Furthermore, no notable variations were found in in these baseline 
characteristics between the two patient groups.

UTI Can Significantly Improve the Clinical Efficacy of SMPP
When evaluating the blood oxygen indicators of both patient groups on the 7th day of treatment, it was observed that 
significant improvement in blood oxygen respiratory indicators was evident in both groups (Figure S1A–C), both CRP 
and WBC in two groups have shown varying degrees of reduction (Figure S1D–E). Surprisingly, the UG group exhibited 
a better efficacy in reducing the inflammatory infection marker LDH (Figure S1F), there was no significance difference 
between C However, upon further analysis of data for other treatment days, it was discovered that on the 3rd day of 
treatment, the combination of UTI and AZM significantly improved in patients’ blood oxygen saturation (SaO2), whereas 
the group treated with AZM alone did not yield a significant improvement in SaO2 (Figure 2A), In contrast, AZM 
monotherapy only partially improved arterial oxygen (PaO2) levels and arterial carbon dioxide (PaCO2) (Figure 2B 
and C). Moreover, on the 3rd day of treatment, the UG group showed significant improvement in inflammatory maker, 
while AZM monotherapy did not improve the inflammatory infection indicator (Figure 2D–F). Further analysis of 

Table 1 Baseline Clinical Characteristics of Patients with Severe Mycoplasma Pneumonia (χ2)

Clinical Characteristics AG Case  
(N=40)

UG Case  
(N=40)

P value

Age
≤3 19 12 0.108

>3 21 28

Gender
Male 20 21 0.823

Female 20 19

Signs and symptoms
Fever 33 34 0.762

Cough 40 40 1.000

Shortness of breath 34 35 0.745
Oxygen therapy 28 29 0.805

Comorbidities
Hypokalemia 2 3 1.000
Hydrothorax 2 1 1.000

Mixed microorganism Infections (streptococcus, EB virus) 10 6 0.264

Macrolide resistance 9 13 0.317

Note: A p-value < 0.05 is considered statistically significant. 
Abbreviations: AG, AZM monotherapy group; UG, UTI combined with AZM treatment group.
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clinical symptom improvement on the 3rd day of treatment revealed that the combination of UTI and AZM significantly 
improved relevant clinical symptoms associated with SMPP (Table 2). The clinical efficacy indicators for both the 
7th day and the 3rd day also show the same results (Figure S2A–C). In other words, the combination therapy of UTI and 
AZM exhibited rapid control of severe pneumonia, significantly shortening the course of the disease.

UTI Improved the Expression of Inflammatory Factors
SMPP is accompanied by excessive inflammation [1], thus we examined how UTI affects the expression of inflammatory 
factors. Our findings indicated that UTI significantly decrease TNF-α, IL-6, IL1, and IL-10 expression (Figure 3A–D and 

Table 2 Clinical Symptom Outcomes When the 3rd Day of Treatment (χ2)

Clinical 
Symptom

Group P value

AG (N) UG (N)

Improve Ineffective Exacerbation Improve Ineffective Exacerbation

Fever 12 4 7 24 9 1 0.006

Cough 10 15 15 21 13 6 0.019
Anhelation 11 7 16 21 13 2 <0.001

Oxygen Therapy 7 16 5 18 10 2 0.022

Figure 2 The clinical efficacy indicators at the 3rd day treatment. 
Notes: (A) The level of SaO2. (B) The level of PaO2. (C) The level of PaCO2. (D) The counts of WBC. (E), The level of CRP. (F), The level of LDH. *P<0.05. **P<0.01. 
***P<0.001. ***P<0.0001.
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Figure S3A–D). Therefore, UTI is pivotal in ameliorating systemic inflammation, which could contribute to the 
therapeutic mechanism underlying the recovery of SMPP.

UTI Protected Against Oxidative Damage
Previous studies have shown that UTI possessed anti-oxidative properties and attenuate free radical damage via the ROS/ 
MAPK/Nrf2 signaling pathway15 and JNK/c-Jun pathway16 signaling pathways in both in vitro and in vivo models. In 

Figure 3 UTI improved the therapeutic efficacy for systemic inflammation. 
Notes: Serum inflammation cytokines were assayed using EILSA. (A) TNF-a. (B) IL-6. (C) IL-1β. (D) IL-10. *P<0.05. ****P<0.0001.

Figure 4 UTI alleviated oxidative stress. 
Notes: (A and B): GSH and SOD of serum were assayed using EILSA. (A) GSH. (B) SOD. *P<0.05.**** P<0.0001.
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this study, we investigated the biological role of UTI in counteracting oxidative stress by evaluating the levels of GSH 
and SOD (Figure 4A and B and Figure S4A and B). Our results revealed that the combined treatment of UTI and AZM 
partially mitigated oxidative damage caused by free radicals in SMPP, These findings suggest that this synergistic effect 
of UTI and AZM could be attributed, at least in part, to the modulation of oxidative stress. Thereby promoting the 
recovery of SMPP.

Discussion
In the initial stages, M. pneumoniae typically colonizes ciliated epithelium and does not infiltrate lung parenchymal cells. It 
attaches to respiratory epithelial cells through key amino acid sites, disrupting the normal structure of cilia. This disruption can 
result in pneumonia and bronchitis, often in conjunction with other respiratory pathogenic microorganisms infections,17 such 
as Respiratory syncytial virus and Streptococcus pneumoniae.18 Additionally, early stages MPP shares similarities with other 
upper respiratory diseases, making it necessary to differentiate it from alternative pathogens. Performing clinical bacterial 
culture to identify M. pneumoniae can be expensive and time-consuming. Moreover, specific IgM antibodies against 
M. pneumoniae may not be detectable within the first 7 days after symptom onset and can persist in the serum for several 
months after infection.19 Furthermore, the prevalence of macrolide resistance among MPP patients has significantly increased 
in recent years, rendering conventional antibiotics ineffective, a small-scale cohort study has revealed that macrolide 
resistance has been spreading globally for 15 years. Currently, its prevalence is reported to be 0–15% in Europe and the 
United States, approximately 30% in Israel, and as high as 90–100% in Asia.20 These complex factors contribute to 
misdiagnosis, missed diagnosis, and the progression to SMPP. The exact pathogenic mechanisms underlying SMPP remain 
unclear, although studies have indicated that systemic inflammation,21,22 endoplasmic reticulum stress23,24 and immune 
dysregulation25,26 are significant factors influencing its development and progression. Furthermore, this study confirmed the 
effective alleviation of the inflammatory response in SMPP patients through the use of UTI AZM belongs to the class of 
macrolide antibiotics, which, in addition to exerting antibacterial effects, also demonstrate a certain degree of anti- 
inflammatory activity. The primary mechanisms of its anti inflammatory action include the inhibition of pro-inflammatory 
factors such as IL-1, IL-8, and TNF-α synthesis and release,27 reduction in the infiltration of inflammatory cells28,29 and 
decreased release of superoxide radicals.30 Furthermore, related research has indicated that AZM can participate in immune 
regulation in conditions such as pneumonia and inflammatory bowel disease by modulating macrophage phenotype transfor-
mation, it can transform pro-inflammatory M1 macrophages into anti-inflammatory M2 macrophages, thereby exerting anti- 
inflammatory effects.31 However, many of these anti-inflammatory mechanisms of AZM rely on the pathogen-induced 
immune regulation pathways, most of its anti inflammatory effects are achieved by affecting pathogen-mediated and released 
immune-activating substances or the biological activities of pathogens, subsequently influencing overall systemic immune 
regulation functions.32,33 Therefore, its anti-inflammatory action may have certain limitations in drug resistant pathogens. The 
results of this study confirm that in the early and later stages of SMPP, while AZM does possess some anti-inflammatory 
properties, its anti-inflammatory effects when used as a standalone treatment are weaker compared to when used in 
conjunction with UTI. We hypothesize that in the context of SMPP, AZM primarily exerts its anti-inflammatory effects by 
influencing pathogen proliferation and affecting the host’s immune regulation function. This phenomenon may account for the 
delayed onset of AZM’s anti-inflammatory action. When used in combination with UTI, which is a critical drug affecting 
multiple inflammatory pathways, it may lead to faster control of systemic inflammation and alleviation of the patient’s disease 
burden, resulting in a rapid improvement in the patient’s condition.

UTI, a protease inhibitor derived from fresh human urine, is commonly used to treat pancreatitis, nephritis, sepsis, and 
other diseases.34 Its main pharmacological effect lies in inhibiting protease activity, including trypsin, α-chymotrypsin, 
granulocyte elastase, hyaluronidase, plasmin, and others.35 In this study, we demonstrated that the combination of UTI and 
AZM significantly reduced the duration of SMPP, alleviated clinical symptoms, and rapidly controlled disease progression 
in the short term. Our findings establish UTI as a beneficial adjunctive treatment for children with SMPP. Compared to 
AZM alone, the combination of UTI and AZM resulted in a notable reduction in the levels of inflammatory cytokines, 
including TNF-α, IL-6, IL-10, and IL-1β. Previous studies36–40 have indicated that these inflammatory cytokines are 
typically produced through the NF-κB/MAPKs/JNK signaling pathways. It has been reported that UTI can attenuate the 
release of inflammatory cytokines by inhibiting the phosphorylation of p65 in the NF-κB signaling pathway, as well as 
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inhibiting the phosphorylation of ERK and JNK within the MAPKs family.41 In an in vitro experiment, UTI has been 
demonstrated to inhibit LPS-mediated macrophage inflammation and oxidative stress levels. The primary mechanism 
involves the regulation of Thr183 phosphorylation on JNK and the degradation of IκB-Α within the JNK/NF-κB pathway, 
as well as the promotion of p62-mediated Keap1 degradation within the PI3K/Akt/Nrf2 pathway, leading to the induction of 
Nrf nuclear translocation.33 Additionally, UTI can also influence the expression levels of ERK/MER, affecting macrophage 
apoptosis, thereby impacting immune-inflammatory responses.42 It is worth noting that oxidative stress is closely associated 
with inflammatory responses. Studies have demonstrated that oxidative stress leads to an excessive generation of ROS and 
a decrease in the levels and activity of antioxidant enzymes, resulting in an imbalance between the oxidative and antioxidant 
systems.43 Furthermore, excessive accumulation of ROS can trigger and mediate the inflammatory response44,45 Our study 
confirmed that UTI effectively increased the levels of glutathione (GSH) and superoxide dismutase (SOD) in the 
antioxidant system, which could inhibit oxidative stress and alleviate inflammation. Notably, lysosomal membrane 
permeabilization contributes to oxidative stress and mediates cell death.46 Fortunately, one of the pharmacological 
mechanisms of UTI involves the stabilization of lysosomal membranes. By enhancing lysosomal stability, UTI improves 
oxidative stress and alleviates cellular damage to a certain extent. The destruction of cells can result in the release of 
damage-associated molecular patterns (DAMPs), such as HMGB1 and HSP,47,48 which are recognized by pattern recogni-
tion receptors (PRRs) on macrophages and subsequently trigger inflammatory responses.49 Therefore, UTI mitigates 
oxidative stress and cellular damage by maintaining lysosomal stability, likely serving as one of the underlying mechanisms 
by which UTI improves SMPP. Furthermore, UTI has been confirmed to affect neutrophil infiltration, regulate Th17/Treg 
cell balance, and modulate the release of immune-related cytokines in acute kidney injury induced by crush syndrome.50 

Based on the aforementioned evidence, we have elucidated that the primary mechanism of action of UTI involves the 
regulation of key protein expression and degradation within inflammatory signaling pathways, phosphorylation levels of 
crucial amino acids, immune cell infiltration, and the balance of cytokine secretion. Through these mechanisms, UTI 
modulates the systemic inflammation levels and oxidative stress levels in the body.

Conclusion
This trial provides evidence that the combination of UTI and AZM effectively and promptly alleviates the systemic 
inflammatory response, effectively controls the progression of SMPP, and improves the condition of affected children. 
Importantly, UTI demonstrates no significant toxic side effects, suggesting its potential for clinical use. However, this 
trial has certain limitations, as it did not further investigate the specific pharmacological mechanisms underlying UTI’s 
anti-inflammatory effects. Additionally, future studies should consider expanding the sample size to provide a more 
comprehensive evaluation of the efficacy of this treatment approach for SMPP.
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