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Background: As a cause of respiratory tract infections in humans, influenza remains with high morbidity and mortality, with associated significant healthcare burden and increased financial burden. Traditional Chinese medicine injections (TCMIs) combined with oseltamivir (TCMIs + oseltamivir) are the representative therapeutic strategies for influenza, which is a compliant with clinical applications in China. The aim of this study was to describe the comparative efficacy and safety of TCMIs + oseltamivir in patients with influenza, based on the current evidence.
Methods: PubMed, Embase, Cochrane Library, Web of Science, China National Knowledge Infrastructure, Wanfang Data Knowledge Service Platform, VIP information resource integration service platform databases, and the Chinese biomedical literature service system were searched to find randomized controlled trials where TCMIs + oseltamivir are the representative therapeutic strategies for influenza, from inception until October 2021, without language restriction. Two investigators independently screened eligibility criteria, extracted data, and appraised the risk of bias with the same criteria. We conducted a network meta-analysis using the Bayesian random method for each outcome and performed the sensitivity analysis, meta-regression, and Egger’s and Begg’s tests for the reliability and robustness of our results.
Results: Thirty-one trials including 2,893 participants proved eligible and reported on four TCMIs + oseltamivir versus oseltamivir. Network meta-analysis showed Yanhuning (YHN) +oseltamivir (MD = −1.7, 95% CrI: −2.5 to −0.88; SUCRA = 0.89; low certainty of evidence) in fever disappearance time, Tanreqing (TRQ) +oseltamivir (MD = −1.9, 95% CrI: −2.8 to −1; SUCRA = 0.97; low certainty of evidence) in cough disappearance time, and Xiyanping (XYP) +oseltamivir (OR = 5.9, 95% CrI: 3.1 to 11; SUCRA = 0.82; very low certainty of evidence) in the response rate to be more efficacious than oseltamivir alone with the best SUCRA. Based on the combined SUCRA value for primary outcomes, TRQ + oseltamivir is probably better in cough disappearance time, and XYP + oseltamivir and YHN + oseltamivir may be better in fever disappearance time than others. No significant difference in safety between the treatments.
Conclusion: In patients with influenza, TCMIs + oseltamivir only partially improve flu symptoms. Overall therapeutic efficacy and safety are inconclusive, based on low to very low certainty of evidence. However, the safety remains uncertain, and TCMI treatments for influenza should be considered with caution. More high-quality studies examining the efficacy and safety of TCMIs are needed.
Systematic Review Registration: https://www.crd.york.ac.uk/PROSPERO/, identifier CRD42021286994
Keywords: traditional Chinese medicine injections, oseltamivir, systematic review, network meta-analysis, clinical evidence, influenza, antiviral drug in Chinese herbal medicine
1 INTRODUCTION
Influenza is one of the most prevalent causes of respiratory tract infections, which remains a public threat to health-related quality of life worldwide and further intensifies the considerable clinical and socioeconomic burden (Gilbert, 2018). Influenza viruses result in not only a series of symptoms (e.g., fever, headache, cough, nasal congestion, muscle soreness, and fatigue) in acute episodes of respiratory disease (Ghebrehewet et al., 2016; Uyeki 2017) but also gastrointestinal symptoms such as nausea and vomiting (Minodier et al., 2015). Influenza virus infections were associated with high morbidity and mortality worldwide each year, and its true mortality rate was higher than that reported by the World Health Organization (Simonsen et al., 2013; Coates et al., 2015). It is noteworthy that influenza is a leading cause of hospitalizations in pulmonary respiratory diseases, and it remains a significant health burden for the elderly, neonatal, and children (Thompson et al., 2004; Lafond et al., 2016; Cromer, 2014). Also, influenza viruses can contribute to the risk of secondary non-respiratory diseases, particularly in the cardiovascular and nervous systems (Sellers et al., 2017).
Neuraminidase inhibitors are still globally approved as currently used antiviral therapeutic agents for influenza, mainly including oseltamivir and zanamivir, and it is recommended to intervene early in the development of disease (Kumar 2011; Muthuri et al., 2014). In clinical practice, oseltamivir is a powerful antiviral drug widely used to treat influenza A and B infections (Davies, 2010). Oseltamivir has been demonstrated to alleviate symptoms such as cough, headache, nasal congestion, and fatigue, and reduce other respiratory complications and hospitalization risks, as well as the mortality of hospitalized patients with influenza (Jefferson et al., 2014; Muthuri et al., 2014; Dobson et al., 2015). With the widespread clinical application of oseltamivir, a proportion of outpatients and inpatients developed the oseltamivir resistance (Hayden 2009; Nguyen et al., 2012; Gubareva et al., 2017). In particular, when people with waning immunity use long-term usage of antiviral treatment, it will result in an increased incidence of drug resistance (Krammer et al., 2018).
As an important alternative therapy for influenza treatment, traditional Chinese medicine (TCM) plays an essential role in global public health and is efficacious in reducing the patients fever and other related symptoms (Xiong et al., 2020). With the in-depth research, Chinese herbal medicines and related TCM extracts have been confirmed to exert their antiviral and immunoregulation, thereby effectively treating and preventing influenza (Xiong et al., 2020; Zhang et al., 2020). Furthermore, TCM can inhibit viral infection by directly targeting influenza viruses (Zhou et al., 2015). The active extracts and derivatives of the Chinese herbal medicines can inhibit oseltamivir-resistant influenza virus strains through broad-spectrum activity (Chung et al., 2014; Chung et al., 2015), and provide a novel treatment insight for the synergistic treatment of oseltamivir resistance with the Chinese medicine. When combined with oseltamivir, TCM does not affect the antiviral effect of oseltamivir, even increasing the drug absorption rate of oseltamivir (Zhang et al., 2019).
Traditional Chinese medicine injections (TCMIs), as the representative therapeutic interventions of antiviral drugs in the Chinese patent medicine, have been recognized and registered by the National Medical Products Administration and widely used in clinical practice for years in China. Although current clinical guidelines reported the clinical efficacy of oral Chinese patent medicines for treating influenza (Wu et al., 2020), there is still a lack of robust evidence regarding the TCMIs to date. Therefore, based on the actual clinical setting, we conduct this network meta-analysis to analyze the clinical efficacy and safety of various TCMIs combined with oseltamivir (TCMIs + oseltamivir) for influenza.
2 METHODS
This systematic review and network meta-analysis were reported following the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA), PRISMA protocols, and the PRISMA-extension statement for network meta-analysis (Moher et al., 2009; Hutton et al., 2015; Shamseer et al., 2015). We registered and published our protocol for this network meta-analysis in the PROSPERO International Prospective Register of Systematic Reviews (https://www.crd.york.ac.uk/PROSPERO/) (registration number: CRD42021286994).
2.1 Eligibility Criteria
We included randomized controlled trials of patients with influenza and compared various TCMIs + oseltamivir and oseltamivir alone, without the language, geographical, and publication status restrictions. Eligible studies that focus on TCMIs were approved by the National Medical Products Administration with the detailed information on the drug, as of our retrieved date. Eligible treatment interventions were different TCMIs combined with oseltamivir, compared with oseltamivir alone as a control. There were no age, sex, or race restriction in our literature search.
Studies needed to be excluded when existing conditions were as follows: Patients suffering from serious life-threatening diseases and drug-resistant strains affect the research purposes for treating influenza. We also excluded ineligible studies, including retrospective cohort studies, population-based cross-sectional studies, case–control studies, and non-randomized trials. We excluded randomized controlled trials evaluating the non-oseltamivir antiviral treatment (amantadine, zanamivir, and ribavirin), oral traditional Chinese medicines (Chinese medicine decoction, granules, capsules, and pills), and non-pharmacologic treatments (acupuncture, moxibustion, massage, and electrical stimulation). Studies were excluded because of missing data, duplicate publications, or significant errors.
2.2 Search Strategy and Selection Criteria
The search included main Chinese databases [China National Knowledge Infrastructure, Wanfang Data Knowledge Service Platform, and VIP information resource integration service platform databases, and Chinese biomedical literature service system (SinoMed)] and English databases (PubMed, Embase, Cochrane Library, and Web of Science) without language restriction to find randomized controlled trials from database inception until October 2021. Clinicaltrials.gov, the Chinese clinical trial registry, and reference lists of included studies and relevant systematic reviews also were manually researched to cross-check the records, and to identify and supplement the potential eligible articles. The main searched terms (including MeSH words and text words) related to influenza, seasonal influenza, seasonal flu, flu, traditional Chinese medicine injection, and randomized controlled trials. Supplementary File S1 presents the detailed search strategy.
2.3 Data Extraction
Two investigators (YP and ZC) independently screened the titles and abstracts for the potentially eligible studies. We evaluated the full text of these articles in more detail by using the standardized and predesigned data extraction forms, according to our eligibility criteria, followed by a cross-check. When disagreements occurred in the literature screening and data extraction, the consensus was performed by discussion among two investigators or by consultation with a third reviewer (XL) if necessary. Investigators extracted information on the study characteristics (first author, publication time, study design, country, and duration), participant characteristics (age, sex, sample size, diseases, and disease course), intervention characteristics (interventions status, intervention duration, dose, drug class, and pharmaceutical company), and the description of outcomes (binary outcomes and dichotomous outcomes).
2.4 Outcome Assessment
We selected the outcomes that followed the importance to patients and crucial features of influenza, and the primary and secondary outcomes were informed after discussion by our professional panel. Selected primary outcomes included the response rate {calculated as [(number of total patients−number of invalid patients)/number of total patients] × 100%. Patients with unchanged or worsening symptoms (e.g., fever and cough) were considered invalid.}, disappearance time of fever, and disappearance time of cough. The negative time of nucleic acid and length of hospitalization could not be comprehensively assessed in this network comparison, due to the few numbers of included studies and missing information in certain TCMIs. Thus, secondary outcomes of this network meta-analysis included the negative time of nucleic acid and length of hospitalization as in this network meta-analysis, and safety with adverse events (dizziness, diarrhea, nausea, and vomiting).
2.5 Risk of Bias Assessment
Two investigators (XW and HC) independently assessed the quality of all eligible studies using the Cochrane Collaboration’s Risk of Bias tool (Higgins et al., 2011) to rate each item criterion of studies as either at low risk of bias, unclear risk of bias, and high risk of bias, across the following seven domains: random sequence generation, allocation concealment, blinding of participants and personnel, blinding of outcome assessment, incomplete outcome data, selective outcome reporting, and other bias. Any disagreements in the risk of bias assessment were resolved and evaluated by a discussion with a third investigator (XL).
2.6 Data Synthesis and Statistical Methods
We summarized the effect of interventions on dichotomous outcomes (response rate and safety: adverse events) using odds ratios (ORs) with corresponding 95% credible intervals (CrI) and continuous outcomes (i.e., improvement in fever and cough, negative time of nucleic acid, and length of hospitalization) using the mean differences (MDs) with corresponding 95% CrI. I2 statistics were used to assess the statistical heterogeneity in direct and indirect comparisons. We used a Bayesian random method based on the consistency assumption for network meta-analysis accounting for the combined direct within each study and indirect comparisons across studies. A vague prior was used for between-study heterogeneity, and MDs and log(OR) values were derived from the posterior distribution of the model. We choose the models that the Markov Chain Monte Carlo (MCMC) method with a weighted sample size to run in four Markov chains with set as least 2,00,000 iterations. All interventions were calculated by ranking probabilities using the surface under the curve cumulative ranking (SUCRA).
We performed sensitivity analyses that focus on children population to further explore and check the reliability and robustness of our findings. To resolve potential heterogeneity, we also conducted the univariate meta-regression (regressors: sample size, percentage male, mean age, and course of treatment) and used predictive mean matching imputations to fill the missing data for regressors. We performed the comparison-adjusted funnel plots by Egger’s and Begg’s tests to assess the publication bias in primary outcomes when 10 or more studies were included in the network comparison. The node splitting approach within each loop was not conducted to test the inconsistency and to obtain indirect estimates, as all including TCMI interventions were directly compared with oseltamivir alone. To assess the evidence certainty of interventions in all outcomes, we used the Grading of Recommendations, Assessment, Development, and Evaluation (GRADE) to identify the cumulative evidence, including the seven items (downgraded because of risk of bias, inconsistency, indirectness, imprecision, publication bias, intransitivity, and incoherence) and four grades of evidence certainty (very low, low, moderate, and high certainty of evidence) (Guyatt et al., 2011; Brignardello-Petersen et al., 2018).
We conducted this network meta-analysis with the Bayesian framework using R (version 4.0.5) for all outcomes, and the risk of bias was generated by RevMan (version 5.4) for all included studies.
3 RESULTS
3.1 Search Results
We identified 967 initial articles from the English and Chinese database search and did not find any potentially additional studies from other sources. After title and abstract screening and full-text reviewing, 31 trials were deemed eligible for inclusion in our systematic review and network meta-analysis (Supplementary File S2). Figure 1 shows the detailed literature search process.
[image: Figure 1]FIGURE 1 | Summary of evidence search and selection.
3.2 Study Characteristics
Supplementary Table S1 presents detailed characteristics of the included studies. Thirty-one eligible studies enrolled a total of 2,893 participants (TCMIs + oseltamivir: 1452; oseltamivir alone as control: 1441) with a median sample size (93 participants) ranging from 36 to 200 participants, mean age ranging from 2.92 to 46.6 years, the percentage of male ranging from 42.5 to 64.4%, and average time of interventions ranging from 3 to 10 days. Supplementary Tables S2 and S3 list the detailed chemical and raw material characterizations of all involved TCMIs. All publications of eligible randomized trials were conducted in China. We evaluated various TCMIs + oseltamivir compared with oseltamivir alone in the treatment of influenza with four direct comparisons: Xiyanping injections combined with oseltamivir (XYP + oseltamivir), Reduning injections combined with oseltamivir (RDN + oseltamivir), Tanreqing injections combined with oseltamivir (TRQ + oseltamivir), and Yanhuning injections combined with oseltamivir (YHN + oseltamivir).
3.3 Methodological Quality Assessment
Most of the included studies had the unclear risk of bias across all domains and proved at low risk of bias for at least one domain. Included studies reported the “random” assignment (32.26% present the specific methods of random sequence generation) and were judged to have the unclear risk of bias for blinding and allocation sequence concealment, and other bias in most or all studies. The risk of bias from the missing data posed the lowest risk (low risk of bias) due to all data being completely reported; 24 studies (77.42%) were at low risk of bias in the domains of selected outcomes reporting. The risk of bias assessments for each study are available in Supplementary Figures S1 and S2.
3.4 Outcomes
Figure 2 (primary outcomes) and Supplementary Figure S3 (other outcomes) show the network of interventions included in all outcome analyses for the direct comparisons between TCMIs + oseltamivir and oseltamivir.
[image: Figure 2]FIGURE 2 | Network plots of primary outcomes. XYP, Xiyanping; RDN, Reduning; TRQ, Tanreqing; YHN, Yanhuning. (A) Response rate; (B) disappearance time of fever; (C) disappearance time of cough.
3.5 Primary Outcomes
3.5.1 Response Rate
Twenty-five trials including 2,330 participants reported the response rate. Meta-analysis results with ranking according to the SUCRA value are as follows: XYP + oseltamivir (OR = 5.9, 95% CrI: 3.1 to 11; SUCRA = 0.82; very low certainty of evidence), TRQ + oseltamivir (OR = 4.3, 95% CrI: 2.2 to 8.9; SUCRA = 0.59; very low certainty of evidence), RDN + oseltamivir (OR = 4.2, 95% CrI: 2.3 to 8.3; SUCRA = 0.57; very low certainty of evidence), and YHN + oseltamivir (OR = 4.1, 95% CrI: 2.5 to 7; SUCRA = 0.52; very low certainty of evidence) were associated with significant difference in the response rate when compared with oseltamivir (Figure 3A, Supplementary Figure S4A, and Supplementary Table S4). Table 1 (top panel) shows that there were no significant differences among TCMIs + oseltamivir for the response rate.
[image: Figure 3]FIGURE 3 | Forest plots of primary outcomes. XYP, Xiyanping; RDN, Reduning; TRQ, Tanreqing; YHN, Yanhuning. (A) Response rate; (B) disappearance time of fever; (C) disappearance time of cough. 95% CrI: 95% credible interval.
TABLE 1 | League table of response rate and disappearance time of fever.
[image: Table 1]3.5.2 Disappearance Time of Fever
Twenty-four trials including 2,194 participants reported the disappearance time of fever. Meta-analysis results with SUCRA showed that YHN + oseltamivir (MD = −1.7, 95% CrI: −2.5 to −0.88; SUCRA = 0.89; low certainty of evidence), XYP + oseltamivir (MD = −1.3, 95% CrI: −2.2 to −0.5; SUCRA = 0.71; low certainty of evidence), and TRQ + oseltamivir (MD = −1.0, 95% CrI: −1.7 to −0.35; SUCRA = 0.5; low certainty of evidence) were more efficacious than oseltamivir with significant difference (Figure 3B, Supplementary Figure S4B, and Supplementary Table S4). Table 1 (under panel) shows that there were no significant differences among TCMIs + oseltamivir in the disappearance time of fever.
3.5.3 Disappearance Time of Cough
Fourteen trials including 1,290 participants reported the disappearance time of cough. Meta-analysis results with SUCRA showed that TRQ + oseltamivir (MD = −1.9, 95% CrI: −2.8 to −1; SUCRA = 0.97; low-certainty of the evidence) was more efficacious than oseltamivir with significant difference (Figure 3C, Supplementary Figure S4C, and Supplementary Table S4). Table 2 (top panel) shows that TRQ + oseltamivir reduced the duration of cough symptoms with a high probability than YHN + oseltamivir.
TABLE 2 | League table of disappearance time of cough.
[image: Table 2]3.5.4 Biplot of Primary Outcomes
Based on the SUCRA value of the network analysis results in primary outcomes, we performed the biplots that combined the response rate with the disappearance time of fever and cough to find the best interventions with combined effect for influenza. The results showed that XYP + oseltamivir (combination response rate and disappearance time of fever: 0.58) and TRQ + oseltamivir (combination response rate and disappearance time of cough: 0.57) had the highest combined SUCRA effect (Figure 4 and Supplementary Table S5).
[image: Figure 4]FIGURE 4 | SUCRA biplots of primary outcomes. XYP, Xiyanping; RDN, Reduning; TRQ, Tanreqing; YHN, Yanhuning. SUCRA, the surface under the curve cumulative ranking.
3.6 Other Outcomes
3.6.1 Length of Hospitalization
Nine trials including 678 participants reported the length of hospitalization. Three TCMIs + oseltamivir has significant differences compared with oseltamivir (Supplementary Figure S5A): RDN + oseltamivir (MD = −1.6, 95% CrI: −3.1 to −0.014), TRQ + oseltamivir (MD = −1.6, 95% CrI: −2.8 to −0.25), and XYP + oseltamivir (MD = −2.0, 95% CrI: −3.1 to −0.89). There were no significant differences between these TCMIs + oseltamivir (Supplementary Table S6).
3.6.2 Negative Time of Nucleic Acid
Five trials including 557 participants reported a negative time of nucleic acid. YHN + oseltamivir (MD = −2.4, 95% CrI: −4.5 to −0.27) have significant differences compared with oseltamivir in Supplementary Figure S5B. There were no significant differences between involved TCMIs + oseltamivir (Supplementary Table S6).
3.6.3 Safety
Ten trials including 878 participants reported adverse events. Meta-analysis showed TRQ + oseltamivir in total adverse events with the wide 95%Crl for the unstable estimates. Therefore, compared with oseltamivir, there were no significant differences among involved interventions for total adverse events, dizziness, diarrhea, nausea, and vomiting (Supplementary Figure S6). We summarized the detail information of safety in Supplementary Table S7 to supplement: XYP + oseltamivir (4 trials, 12 AEs), RDN + oseltamivir (1 trial, 3 AEs), TRQ + oseltamivir (1 trial, 2 AEs), YHN + oseltamivir (4 trial, 28 AEs), and oseltamivir (10 trial, 38 AEs). In all reported AEs, diarrhea was reported in XYP + oseltamivir and YHN + oseltamivir with higher incidence rate than in other interventions.
3.7 Additional Analyses
We performed the sensitivity analysis for populations based on children in this current study with sufficient data. In sensitivity analysis, the pooled results showed significant changes in the response rate (OR of TRQ + oseltamivir become 9.4) for including studies that focus on children and found no substantial change in other interventions (Supplementary Figure S7). Furthermore, we conducted the biplots of sensitivity analysis results to find the potential interventions with the highest combined SUCRA value: TRQ + oseltamivir with 0.71 in the combined response rate and disappearance time of cough, and YHN + oseltamivir with 0.55 in the combined response rate and disappearance time of fever (Supplementary Figure S8 and Supplementary Table S5).
Network meta-regression for primary outcomes showed that regressors had no statistically significant effects in most interventions. However, we found some heterogeneity in TRQ + oseltamivir (the disappearance time of fever: course of treatment; disappearance time of cough: course of treatment and age). Supplementary Table S8 summarizes the results of meta-regression for details.
3.8 Publication Bias
We conducted funnel plots using Begg’s and Egger’s tests to identify the potential publication bias in primary outcomes. The results of funnel plots showed that there were no significant asymmetry distributions in the disappearance time of fever and cough (Figure 5). We found some asymmetry distributions in the response rate (Egger: p = 0.0164).
[image: Figure 5]FIGURE 5 | Funnel plots of primary outcomes. XYP, Xiyanping; RDN, Reduning; TRQ, Tanreqing; YHN, Yanhuning. (A) Response rate; (B) disappearance time of fever; (C) disappearance time of cough.
4 DISCUSSION
4.1 Principal Findings
Our systematic review and network meta-analysis, including 31 trials with 2,893 participants, provide a comprehensive overview of the evidence regarding the effectiveness and safety of various TCMIs + oseltamivir for influenza. In brief, low to very low certainty of evidence showed that XYP + oseltamivir, TRQ + oseltamivir, and YHN + oseltamivir probably appeared to be more effective than oseltamivir alone, after weighing the results of sensitivity analysis and meta-regression. Among them, results demonstrated potential therapeutic benefits of TRQ + oseltamivir for reducing cough, and XYP + oseltamivir and YHN + oseltamivir for improving fever in people with influenza, based on the interventions ranking with the SUCRA value and combined SUCRA value. We may have been unable to adequately assess the length of hospitalization and negative time of nucleic because of the evidence with insufficient included studies involving all interventions. Harms were still unclear, with no significant differences between TCMIs + oseltamivir over oseltamivir in the observed adverse events, while XYP + oseltamivir and YHN + oseltamivir may increase the risk of diarrhea due to a higher incidence rate than others. Taken together, these results in benefits and harms from our systematic review have some implications for TCM clinical practice in treating influenza.
4.2 Relation and Comparison With Other Studies
To our knowledge, this network meta-analysis compares the effectiveness and safety of various TCMIs + oseltamivir and oseltamivir alone for influenza first and in a comprehensive manner. Previously published systematic reviews of TCM for treating patients with influenza concluded that integrated traditional Chinese and western medicine probably had greater reduction in the time of fever and other symptoms over western medicine alone (Wang et al., 2014; Li et al., 2016). This in turn could lead to uncertainty and imprecision about outcomes because of clinical heterogeneity in interventions between different TCM treatments (e.g., decoction, self-prescription, soup, powder, and mixed TCM treatments) in these systematic reviews. Therefore, we focused on TCMIs combined with oseltamivir vs. oseltamivir alone across more RCTs to resolve the heterogeneity from interventions in our systematic reviews. It is noteworthy that in the clinical practice guideline on treating influenza with Chinese patent medicines (Wu et al., 2020), there was a lack of evidence for TCMIs with oseltamivir for influenza. TRQ, as one of the common TCMIs, could be beneficial for reducing the flu symptoms as observed by a previous meta-analysis published in 2019 (Qu et al., 2020). As evidence about other TCMIs remained insufficient, we evaluated various TCMIs more comprehensively in this systematic review. Our findings based on absolute estimates of important clinical outcomes of various TCMIs were important and timely for influenza, and provided support for the treatment regimen to TCM guidelines.
4.3 Policy Implications
For patients who have influenza symptoms, the combined administration of TCMIs with oseltamivir may have beneficial treatment effects in fever and cough disappearance time. XYP could effectively inhibit the function of influenza virus hemagglutinin to block viral replication, and induce immune regulation through AKT and NF-κB signaling pathways (Wang et al., 2019). Moreover, multicomponent anti-influenza bioactive components in TRQ inhibited influenza virus replication in vivo by inhibiting hemagglutinin and neuraminidase of influenza A virus to play a role in the anti-influenza effects (Zhu et al., 2018). Also, harms in rare and high risk cases may not be detected in this network meta-analysis. The potential risk of adverse events (e.g., diarrhea) that may be caused by TCMIs in our findings should not deter their clinical use for treating influenza. Our results can assist in clinical practice guidelines of TCM and update TCM treatment for influenza.
Clinical physicians must carefully weigh the potential benefits and harms in the TCMI treatment progress, and weigh against influenza patients’ comorbidities and willingness to use TCMIs. Discussing the therapeutic regimen with patients considering and receiving TCMIs is of great importance during treatment. Furthermore, future research necessitates large numbers of participants and high evidence in TCMIs to facilitate the detection of the potential harms; it was also important for physicians and patients.
4.4 Strengths and Limitations
Our systematic review focuses on updated TCM treatments for influenza and incorporates the best and latest evidence on various TCMIs combined with oseltamivir to facilitate and refine the current TCM guidelines. This network meta-analysis was conducted by a professional team of clinical physicians and methodological experts to ensure expertise in the overall review process. The strengths include a comprehensive search strategy with explicit eligibility criteria and adjudication of risk of bias by two investigators with uniform criteria. As all including TCMI interventions were compared with oseltamivir directly, estimates were not affected by transitivity and consistency. For potential clinical heterogeneity that may affect our results, to the best of our efforts, we conducted sensitivity analysis and multiple covariant meta-regression as additional analyses to diminish this concern. We also comprehensively evaluated the primary outcomes based on the combined SUCRA value to provide more strong evidence for our findings. Apart from TRQ + oseltamivir in the response rate, we did not find other interventions with significant changes among original analysis and sensitivity analysis, which present our results more robustness in most interventions. We also use funnel plots to evaluate the publication bias by two tests (Begg’s and Egger) in each comparison.
Despite these strengths, our study had some limitations. The main limitations of methodological quality assessment in most of the included studies were the unclear risk of bias in domains of blinding and allocation sequence concealment. Although without geographical restrictions in the retrieval process, all eligible included studies in this systematic review were conducted in mainland China, reducing the generalizability of our results. In meta-regression, confounders (age and intervention time) may remain in this network meta-analysis and affect the stability of TRQ + oseltamivir results based on the unavoidable clinical heterogeneity. Moreover, various disease severities of influenza and different flu viruses were the important heterogeneity for our results, but we do not identify the adequate data from the primary literature to explore. The measurement methods of the effectiveness may be different among different studies, which may affect our results with potential biases. We also found less precise estimation in OR with a wide 95% CrI for TRQ + oseltamivir in the sensitivity analysis. Some asymmetry distributions were found in the funnel plot of the response rate. Insufficient data on the length of hospitalization and negative time of nucleic acid were reported in several eligible trials for full analysis, which means results might not be as robust for the clinic and require additional clinical studies on these outcomes.
5 CONCLUSIONS
Evidence from this network meta-analysis showed that TCMIs + oseltamivir only partially improve symptoms in patients with influenza. Overall therapeutic efficacy and safety are inconclusive, based on low to very low certainty of evidence and no definitive evidence of safety, weighing the potential benefits and harms. Therefore, TCMIs should be used with great care in clinical practice and require further research for more high-quality evidence.
DATA AVAILABILITY STATEMENT
The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.
AUTHOR CONTRIBUTIONS
YP and ZC are responsible for the study concept, study design, and writing of the first version of the manuscript. YP, ZC, HL, and YH identified and selected all potentially eligible articles. YP and ZC conducted data analysis and abstracted the data. XW and HC assessed the risk of bias. DS, YL, and XL supervised the study. All authors approved the final draft of the manuscript and participated in revision and review.
FUNDING
This research was funded by National Natural Science Foundation of China (CN) (No. 82104931).
PUBLISHER’S NOTE
All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors, and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.
SUPPLEMENTARY MATERIAL
The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fphar.2022.848770/full#supplementary-material
REFERENCES
 Brignardello-Petersen, R., Bonner, A., Alexander, P. E., Siemieniuk, R. A., Furukawa, T. A., Rochwerg, B., et al. (2018). Advances in the GRADE Approach to Rate the Certainty in Estimates from a Network Meta-Analysis. J. Clin. Epidemiol. 93, 36–44. doi:10.1016/j.jclinepi.2017.10.005
 Chung, S. T., Chien, P. Y., Huang, W. H., Yao, C. W., and Lee, A. R. (2014). Synthesis and Anti-influenza Activities of Novel Baicalein Analogs. Chem. Pharm. Bull. (Tokyo) 62, 415–421. doi:10.1248/cpb.c13-00897
 Chung, S. T., Huang, Y. T., Hsiung, H. Y., Huang, W. H., Yao, C. W., and Lee, A. R. (2015). Novel Daidzein Analogs and Their In Vitro Anti-influenza Activities. Chem. Biodivers. 12, 685–696. doi:10.1002/cbdv.201400337
 Coates, B. M., Staricha, K. L., Wiese, K. M., and Ridge, K. M. (2015). Influenza A Virus Infection, Innate Immunity, and Childhood. JAMA Pediatr. 169, 956–963. doi:10.1001/jamapediatrics.2015.1387
 Cromer, D., van Hoek, A. J., Jit, M., Edmunds, W. J., Fleming, D., and Miller, E. (2014). The Burden of Influenza in England by Age and Clinical Risk Group: a Statistical Analysis to Inform Vaccine Policy. J. Infect. 68, 363–371. doi:10.1016/j.jinf.2013.11.013
 Davies, B. E. (2010). Pharmacokinetics of Oseltamivir: an Oral Antiviral for the Treatment and Prophylaxis of Influenza in Diverse Populations. J. Antimicrob. Chemother. 65 (Suppl. 2), ii5–ii10. doi:10.1093/jac/dkq015
 Dobson, J., Whitley, R. J., Pocock, S., and Monto, A. S. (2015). Oseltamivir Treatment for Influenza in Adults: a Meta-Analysis of Randomised Controlled Trials. Lancet 385, 1729–1737. doi:10.1016/s0140-6736(14)62449-1
 Ghebrehewet, S., MacPherson, P., and Ho, A. (2016). Influenza. Bmj 355, i6258. doi:10.1136/bmj.i6258
 Gilbert, J. A. (2018). Seasonal and Pandemic Influenza: Global Fatigue versus Global Preparedness. Lancet Respir. Med. 6, 94–95. doi:10.1016/s2213-2600(17)30466-6
 Gubareva, L. V., Besselaar, T. G., Daniels, R. S., Fry, A., Gregory, V., Huang, W., et al. (2017). Global Update on the Susceptibility of Human Influenza Viruses to Neuraminidase Inhibitors, 2015-2016. Antivir. Res. 146, 12–20. doi:10.1016/j.antiviral.2017.08.004
 Guyatt, G., Oxman, A. D., Akl, E. A., Kunz, R., Vist, G., Brozek, J., et al. (2011). GRADE Guidelines: 1. Introduction-GRADE Evidence Profiles and Summary of Findings Tables. J. Clin. Epidemiol. 64, 383–394. doi:10.1016/j.jclinepi.2010.04.026
 Hayden, F. (2009). Developing New Antiviral Agents for Influenza Treatment: what Does the Future Hold?Clin. Infect. Dis. 48 (Suppl. 1), S3–S13. doi:10.1086/591851
 Higgins, J. P., Altman, D. G., Gøtzsche, P. C., Jüni, P., Moher, D., Oxman, A. D., et al. (2011). The Cochrane Collaboration's Tool for Assessing Risk of Bias in Randomised Trials. BMJ 343, d5928. doi:10.1136/bmj.d5928
 Hutton, B., Salanti, G., Caldwell, D. M., Chaimani, A., Schmid, C. H., Cameron, C., et al. (2015). The PRISMA Extension Statement for Reporting of Systematic Reviews Incorporating Network Meta-Analyses of Health Care Interventions: Checklist and Explanations. Ann. Intern Med. 162, 777–784. doi:10.7326/m14-2385
 Jefferson, T., Jones, M., Doshi, P., Spencer, E. A., Onakpoya, I., and Heneghan, C. J. (2014). Oseltamivir for Influenza in Adults and Children: Systematic Review of Clinical Study Reports and Summary of Regulatory Comments. BMJ 348, g2545. doi:10.1136/bmj.g2545
 Krammer, F., Smith, G. J. D., Fouchier, R. A. M., Peiris, M., Kedzierska, K., Doherty, P. C., et al. (2018). Influenza. Nat. Rev. Dis. Prim. 4, 3. doi:10.1038/s41572-018-0002-y
 Kumar, A. (2011). Early versus Late Oseltamivir Treatment in Severely Ill Patients with 2009 Pandemic Influenza A (H1N1): Speed Is Life. J. Antimicrob. Chemother. 66, 959–963. doi:10.1093/jac/dkr090
 Lafond, K. E., Nair, H., Rasooly, M. H., Valente, F., Booy, R., Rahman, M., et al. (2016). Global Role and Burden of Influenza in Pediatric Respiratory Hospitalizations, 1982-2012: A Systematic Analysis. PLoS Med. 13, e1001977. doi:10.1371/journal.pmed.1001977
 Li, J. H., Wang, R. Q., Guo, W. J., and Li, J. S. (2016). Efficacy and Safety of Traditional Chinese Medicine for the Treatment of Influenza A (H1N1): A Meta-Analysis. J. Chin. Med. Assoc. 79, 281–291. doi:10.1016/j.jcma.2015.10.009
 Minodier, L., Charrel, R. N., Ceccaldi, P. E., van der Werf, S., Blanchon, T., Hanslik, T., et al. (2015). Prevalence of Gastrointestinal Symptoms in Patients with Influenza, Clinical Significance, and Pathophysiology of Human Influenza Viruses in Faecal Samples: what Do We Know?Virol. J. 12, 215. doi:10.1186/s12985-015-0448-4
 Moher, D., Liberati, A., Tetzlaff, J., and Altman, D. G. (2009). Preferred Reporting Items for Systematic Reviews and Meta-Analyses: the PRISMA Statement. BMJ 339, b2535. doi:10.1136/bmj.b2535
 Muthuri, S. G., Venkatesan, S., Myles, P. R., Leonardi-Bee, J., Al Khuwaitir, T. S., Al Mamun, A., et al. (2014). Effectiveness of Neuraminidase Inhibitors in Reducing Mortality in Patients Admitted to Hospital with Influenza A H1N1pdm09 Virus Infection: a Meta-Analysis of Individual Participant Data. Lancet Respir. Med. 2, 395–404. doi:10.1016/s2213-2600(14)70041-4
 Nguyen, H. T., Trujillo, A. A., Sheu, T. G., Levine, M., Mishin, V. P., Shaw, M., et al. (2012). Analysis of Influenza Viruses from Patients Clinically Suspected of Infection with an Oseltamivir Resistant Virus during the 2009 Pandemic in the United States. Antivir. Res. 93, 381–386. doi:10.1016/j.antiviral.2012.01.006
 Qu, C. C., Zhao, G. Z., Wang, X. P., Xu, X. L., Li, B., Guo, Y. H., et al. (2020). Tanreqing Injection () for Patients with Influenza: A Systematic Review and Meta-Analysis of Randomized Controlled Trials. Chin. J. Integr. Med. 26, 936–942. doi:10.1007/s11655-020-3472-1
 Sellers, S. A., Hagan, R. S., Hayden, F. G., and Fischer, W. A. (2017). The Hidden Burden of Influenza: A Review of the Extra-pulmonary Complications of Influenza Infection. Influenza Other Respir. Viruses 11, 372–393. doi:10.1111/irv.12470
 Shamseer, L., Moher, D., Clarke, M., Ghersi, D., Liberati, A., Petticrew, M., et al. (2015). Preferred Reporting Items for Systematic Review and Meta-Analysis Protocols (PRISMA-P) 2015: Elaboration and Explanation. BMJ 350, g7647. doi:10.1136/bmj.g7647
 Simonsen, L., Spreeuwenberg, P., Lustig, R., Taylor, R. J., Fleming, D. M., Kroneman, M., et al. (2013). Global Mortality Estimates for the 2009 Influenza Pandemic from the GLaMOR Project: a Modeling Study. PLoS Med. 10, e1001558. doi:10.1371/journal.pmed.1001558
 Thompson, W. W., Shay, D. K., Weintraub, E., Brammer, L., Bridges, C. B., Cox, N. J., et al. (2004). Influenza-associated Hospitalizations in the United States. JAMA 292, 1333–1340. doi:10.1001/jama.292.11.1333
 Uyeki, T. M. (2017). Influenza. Ann. Intern Med. 167, ITC33–ITC48. doi:10.7326/aitc201709050
 Wang, C., Wang, H., Liu, X., Xu, D., Tang, Y., and Luo, P. (2014). Traditional Chinese Medicine for the Treatment of Influenza: a Systematic Review and Meta-Analysis of Randomized Controlled Trials. J. Tradit. Chin. Med. 34, 527–531. doi:10.1016/s0254-6272(15)30057-1
 Wang, Z. F., Rong, P., Ma, R., Xie, Y. M., Ding, Y., Wang, X. F., et al. (2019). Experts Consensus Statement on Xiyanping Injection in Clinical Practice(children). Zhongguo Zhong Yao Za Zhi 44, 2932–2936. doi:10.19540/j.cnki.cjcmm.20190521.502
 Wu, L., Chen, Y., Ma, Y., Yang, Z., Yang, N., Deng, W., et al. (2020). Clinical Practice Guideline on Treating Influenza in Adult Patients with Chinese Patent Medicines. Pharmacol. Res. 160, 105101. doi:10.1016/j.phrs.2020.105101
 Xiong, Y., Li, N. X., Duan, N., Liu, B., Zhu, H., Zhang, C., et al. (2020). Traditional Chinese Medicine in Treating Influenza: From Basic Science to Clinical Applications. Front. Pharmacol. 11, 575803. doi:10.3389/fphar.2020.575803
 Zhang, Y., Lyu, C., Fong, S. Y. K., Wang, Q., Li, C., Ho, N. J., et al. (2019). Evaluation of Potential Herb-Drug Interactions between Oseltamivir and Commonly Used Anti-influenza Chinese Medicinal Herbs. J. Ethnopharmacol. 243, 112097. doi:10.1016/j.jep.2019.112097
 Zhang, Z. J., Morris-Natschke, S. L., Cheng, Y. Y., Lee, K. H., and Li, R. T. (2020). Development of Anti-influenza Agents from Natural Products. Med. Res. Rev. 40, 2290–2338. doi:10.1002/med.21707
 Zhou, Z., Li, X., Liu, J., Dong, L., Chen, Q., Liu, J., et al. (2015). Honeysuckle-encoded Atypical microRNA2911 Directly Targets Influenza A Viruses. Cell Res. 25, 39–49. doi:10.1038/cr.2014.130
 Zhu, H., Chen, M., Shi, X., Shi, C., and Huang, C. (2018). Material Basis Studies of Anti-influenza A Active Ingredients in Tanreqing Injection. Biomed. Chromatogr. 32. doi:10.1002/bmc.4097
Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.
Copyright © 2022 Peng, Chen, Li, Han, Sun, Li, Wu, Chen and Li. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.
OPS/images/fphar-13-848770-g005.gif





OPS/images/fphar-13-848770-t001.jpg
Response rate

Disappearance time of fever Oseftamivir 424 (2.26, 8.27) 435 (223, 8.86) 5.87 (3.1, 11.45) 4.07 (253, 6.99)
-0.83 (-1.69, 0.03) RDN + oseftamivir 1.03 (041, 2.66) 1.39 (0.55, 3.62) 095 (0.42, 2.28)
-1.02 (-1.7, -0.35) 19 (-1.28, 0.9) TRQ + oseltamivir 1.34 (053, 351) 093 (0.4, 2.21)
-1.35 (22, -0.5) -052 (-1.73,0.7) -0.33 (1.4, 0.76) XYP + oseltamivir 068 (0.31, 1.61)
1,68 (-2.49, -0.88) -0.85 (-2.02, 0.31) -0.66 (-1.71, 039) -0.33 (1.5, 0.85) YHN + oseltamivi

Significant results are in bold.
Odds ratios with corresponding 95% credible intervals for response rate (upper triangle), and mean diferences with corresponding 95% credible intervals for disappearance time of fever

fower triangle).
XYP. Xiyanping: RDN, Reduning: TRQ, Tanreging; YHN, Yanhuning.





OPS/images/fphar-13-848770-g003.gif
o

Moo row
P

e mEmed
== ]






OPS/images/fphar-13-848770-g004.gif





OPS/images/fphar-13-848770-t002.jpg
Disappearance time of cough

Oseltamivir ~0.47 (-2.42,1.43) -1.88 (-2.79, -1.04)
RDN + oseftamivir ~1.41 (-3.55, 0.67)
TRQ + oseftamivir

Significant results are in bold.
Mean differences with corresponding 95% credible intervals for disappearance time of cough (upper triangle).
XYP, Xiyanping: RDN, Reduning; TRQ, Tanreging: YHN, Yanhuning.

-0.63 (1.6, 0.36)
-0.16 (-2.3, 2.02)
1.25 (-0.02, 2.6)
XYP + oseltamivir

0.4 (-1.4,0)
007 (-2.12, 2.24
148(0.17,284)
023 (-1.17, 1.62)
YHN + oseltamivir





OPS/xhtml/nav.xhtml
Contents

		Cover

		Traditional Chinese Medicine Injections Combined With Oseltamivir for Influenza: Systematic Review and Network Meta-Analysis		1 Introduction

		2 Methods		2.1 Eligibility Criteria

		2.2 Search Strategy and Selection Criteria

		2.3 Data Extraction

		2.4 Outcome Assessment

		2.5 Risk of Bias Assessment

		2.6 Data Synthesis and Statistical Methods





		3 Results		3.1 Search Results

		3.2 Study Characteristics

		3.3 Methodological Quality Assessment

		3.4 Outcomes

		3.5 Primary Outcomes

		3.6 Other Outcomes

		3.7 Additional Analyses

		3.8 Publication Bias





		4 Discussion		4.1 Principal Findings

		4.2 Relation and Comparison With Other Studies

		4.3 Policy Implications

		4.4 Strengths and Limitations





		5 Conclusions

		Data Availability Statement

		Author Contributions

		Funding

		Publisher’s Note

		Supplementary Material

		References









OPS/images/cover.jpg
& frontiers | Frontiers in Pharmacology






OPS/images/fphar-13-848770-g001.gif
[_tnctwtca | [ gty ] [ Sercening ] [ idensiticasion ]






OPS/images/fphar-13-848770-g002.gif









OPS/images/crossmark.jpg
©

|





OPS/images/logo.jpg
& frontiers | Frontiers in Pharmacology





