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Background: The outbreak of coronavirus disease 2019 (COVID-19) has rapidly spread to become a global emergency since December 2019. Chinese herbal medicine plays an important role in the treatment of COVID-19. Chinese herbal medicine honeysuckle is an extremely used traditional edible and medicinal herb. Many trials suggest that honeysuckle has obtained a good curative effect for COVID-19; however, no systematic evaluation on the clinical efficacy of honeysuckle in the treatment of COVID-19 is reported. This study aimed to evaluate the efficacy and safety of Chinese herbal medicine honeysuckle in the treatment of COVID-19.
Methods: Seven electronic databases (PubMed, EMBASE, Cochrane Library, China National Knowledge Infrastructure, China Science and Technology Journal Database, Wanfang Database, and China Biology Medicine) were searched to identify randomized controlled trials (RCTs) of honeysuckle for adult patients (aged ≥ 18 years) with COVID-19. The Cochrane Risk of Bias Tool was applied to assess the methodological quality of trials. Review Manager 5.3 software was used for data analysis.
Results: Overall, nine RCTs involving 1,286 patients were enrolled. Our meta-analyses found that combination therapy of honeysuckle and conventional therapy was more effective than conventional therapy alone in lung computed tomography (CT) [relative risk (RR) = 1.24, 95% confidence interval (95%CI) (1.12, 1.37), P < 0.0001], clinical cure rate [RR = 1.21, 95%CI (1.12, 1.31), P < 0.00001], and rate of conversion to severe cases [RR = 0.50, 95%CI (0.33, 0.76), P = 0.001]. Besides, combination therapy can improve the symptom score of fever, cough reduction rate, symptom score of cough, and inflammatory biomarkers (white blood cell (WBC) count; C-reactive protein (CRP)) (P < 0.05).
Conclusion: Honeysuckle combined with conventional therapy may be beneficial for the treatment of COVID-19 in improving lung CT, clinical cure rate, clinical symptoms, and laboratory indicators and reducing the rate of conversion to severe cases. Besides, combination therapy did not increase adverse drug events. More high-quality RCTs are needed in the future.
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INTRODUCTION
Since December 2019, coronavirus disease 2019 (COVID-19) caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) has become a public health emergency of global concern (Sattler et al., 2020). As of May 6, 2021, more than 154.815 million confirmed cases and more than 3.236 million deaths had been reported globally (World Health Organization (WHO), 2021). Thus, there is an urgent need to prevent and treat COVID-19.
Through a series of prevention and medical treatment measures, the COVID-19 epidemic in China has been effectively controlled by May 6, 2021, with 103,731 confirmed cases and 98,392 cured cases (World Health Organization (WHO), 2021; National Health Commission of the people’s Republic of China, 2021). Chinese herbal medicine plays an important role in the treatment of COVID-19 in view of no specific drugs approved for COVID-19. Chinese herbal medicine honeysuckle is an extremely used traditional edible-medicinal herb (Li et al., 2021). Pharmacological studies have already proved honeysuckle’s ideal clinical therapeutic effects on inflammation and infectious diseases (Li et al., 2021). Also, it is reported that honeysuckle can effectively alleviate clinical symptoms of COVID-19 (Hu et al., 2020; Zhang et al., 2020) and inhibit SARS-CoV-2 replication (Zhou et al., 2020).
At present, there are only few trials on the treatment of COVID-19 with honeysuckle (Hu et al., 2020; Zhang et al., 2020), but many trials on the treatment of COVID-19 used Chinese herbal medicine including honeysuckle as the main components (Ai et al., 2020; Ding et al., 2020; Duan et al., 2020). These trials suggest that honeysuckle has obtained a good curative effect for COVID-19 (Hu et al., 2020; Zhang et al., 2020). Presently, there is no systematic evaluation report on the clinical efficacy of honeysuckle in the treatment of COVID-19. This review aimed to critically evaluate the effectiveness and safety of honeysuckle for COVID-19.
METHODS
The preferred reporting item for systematic review and meta-analysis (PRISMA) Evaluation Scale was used for reporting the results of this review (Moher et al., 2009). The protocol for this review is available in PROSPERO (https://www.crd.york.ac.uk/prospero/, registration number is CRD42020224312).
Database and Search Strategies
The following seven databases were retrieved, including PubMed, EMBASE, Cochrane Library, China National Knowledge Infrastructure (CNKI), China Science and Technology Journal Database (VIP), Wanfang Database, and China Biology Medicine (CBM), from December 2019 to May 2021. There was no language restriction. The grouped keywords used as search strategy were as follows: (“traditional Chinese medicine” OR “Chinese herbal medicine” OR “honeysuckle” OR “lonicera” OR “jinyinhua”) AND (“coronavirus disease 2019” OR “COVID-19” OR “novel coronavirus pneumonia” OR “SARS-CoV-2”) AND (“clinical trial” OR “randomized controlled trial” OR “randomised controlled trial” OR “lin chuang yan jiu”). The grouped keywords could be modified according to different databases.
Potentially eligible trials were obtained by manually searching the reference lists of published reviews and meta-analyses. We also retrieved the unpublished papers on honeysuckle for COVID-19.
Inclusion and Exclusion Criteria
We considered the following inclusion criteria: 1) study design: randomized controlled trials (RCTs); 2) participants: adult patients (aged ≥ 18 years) diagnosed with COVID-19; the diagnostic criteria of COVID-19 refer to “ Diagnosis and Treatment Guideline for COVID-19 (Trial 8th Edition) ” (National Health Commission of the people’s Republic of China, 2020); 3) interventions: patients in the treatment group were treated with honeysuckle alone or a combination treatment of honeysuckle and controls; the dose of honeysuckle was 5–30 g, along with a duration range of 5–15 days; the form and dosage of honeysuckle were included in the study description; 4) control: patients in the control group were treated by any conventional therapy or placebo; 5) outcomes: lung computed tomography (CT) was the primary outcome. High-resolution CT was used to observe changes in the lung field before and after treatment. The secondary outcomes included clinical cure rate, viral nucleic acid testing, rate of conversion to severe cases, clinical symptoms (e.g., fever, cough, and fatigue), inflammatory biomarkers [e.g., white blood cell (WBC) count, lymphocyte (LYM) count, and C-reactive protein (CRP)], and adverse drug events (e.g., adverse events rate, diarrhea, and liver damage).
We considered the following exclusion criteria: 1) study design: non-RCTs, such as retrospective studies, observational studies, case reports, and cross-over studies; non-RCTs were excluded due to potential high risk of bias and confounding; 2) participants: patients with a suspected diagnosis of COVID-19; 3) repeated data studies; 4) reviews.
Two reviewers independently screened the trials from seven databases according to the eligibility criteria. Duplicate publications were removed. Through reading the title, abstract, and full text, reviewers excluded the non-RCTs and irrelevant trials. Two reviewers independently extracted data according to the eligibility criteria. Any disagreements were consulted by a third reviewer.
Data Collection
The following information was documented in the data extraction tables: basic characteristics (e.g., the title, first authors’ name, publication date, intervention schedule of treatment and control groups, and treatment duration), participant characteristics (e.g., age, gender, and sample size), outcome measures, and adverse drug events.
Quality Assessment
The methodological quality was independently evaluated by two reviewers according to the Cochrane Collaboration’s tool (Higgins and Green, 2014). There were seven items of risk of bias (ROB): random sequence generation, allocation concealment, blinding of participants and personnel, blinding of outcome assessment, incomplete outcome data, selective reporting, and other biases. Each item was assessed at low ROB, high ROB, or unclear ROB. Any disagreements between reviewers were resolved by consultation with a third reviewer.
Statistical Analysis
Review Manager 5.3 software (the Cochrane Collaboration, 2014) was used to perform the quantitative synthesis. Relative risk (RR) was used for the dichotomous variables. Mean difference (MD) or standard mean difference (SMD) was used for the continuous variables. Confidence intervals (CIs) were set as 95%. Heterogeneity was tested with the χ2 test and the I2 statistical value. Assuming that the p-value from the χ2 test was more than 0.10 or I2 ≤ 50%, a fixed-effect model was used to assess the differences between two groups; otherwise, a random-effects model was applied. A subgroup analysis of the primary outcome was performed according to the clinical classification of COVID-19. Subgroup analyses of viral nucleic acid testing and rate of conversion to severe cases were performed according to the Chinese herbal medicine component. Sensitivity analysis was conducted by the leave-one-out method (Panahi et al., 2015). When the number of trials on an outcome measure was larger than ten, a funnel plot analysis was performed to evaluate the reporting bias (Liu et al., 2020). Statistically significant results were defined by p < 0.05.
RESULTS
Study Selection
The flowchart of study selection is shown in (Figure 1). A total of nine eligible trials were included (Fu et al., 2020a; Ai et al., 2020; Ding et al., 2020; Duan et al., 2020; Fu et al., 2020b; Hu et al., 2020; Yu et al., 2020; Zhang et al., 2020; Hu et al., 2021). One article was published online in English (Hu et al., 2021), and the rest were reported online in Chinese.
[image: Figure 1]FIGURE 1 | The flowchart of study selection.
Study Characteristics
The characteristics of included trials are listed in Table 1. All the trials were conducted in China in 2020, among them, two studies were multicentered trials (Hu et al., 2020; Hu et al., 2021) and seven were single-centered trials (Ai et al., 2020; Ding et al., 2020; Duan et al., 2020; Hu et al., 2020; Yu et al., 2020; Zhang et al., 2020; Hu et al., 2021). The sample size of the included trials ranged from 65 to 295 (total 1,286). The treatment duration ranged from 5 to 15 days. Patients in the treatment group were treated with combination therapy of honeysuckle and controls. Control groups used conventional therapy. In each trial, conventional therapy in the treatment group was identical to the control group. Two trial intervention groups were Chinese medicine compound drugs (Pneumonia No. 1 formula and Qingfei Touxie Fuzheng recipe) (Ai et al., 2020; Ding et al., 2020). And the other trials were Chinese patent medicine (Duan et al., 2020; Fu et al., 2020a; Fu et al., 2020b; Hu et al., 2020; Yu et al., 2020; Zhang et al., 2020; Hu et al., 2021). Conventional therapy included oxygen therapy, drugs, and symptomatic therapies. The drugs used in the control group were arbidol, lopinavir, interferon-α, and ribavirin. Two trial control groups did not provide specific therapy medicine (Duan et al., 2020; Hu et al., 2021).
TABLE 1 | The characteristics of included trials.
[image: Table 1]Description of Honeysuckle
The description of honeysuckle in each trial is shown in Table 2. Honeysuckle was used in the dosage formulations of granules (55.55%) (Ai et al., 2020; Duan et al., 2020; Fu et al., 2020a; Fu et al., 2020b; Yu et al., 2020), decoction (11.11%) (Ding et al., 2020), oral liquid (22.22%) (Hu et al., 2020; Zhang et al., 2020), and capsule (11.11%) (Hu et al., 2021). The component of oral liquid (Hu et al., 2020; Zhang et al., 2020) is only honeysuckle. Honeysuckle is one component of Chinese herbal medicine in other dosage formulations.
TABLE 2 | The description of honeysuckle in each trial.
[image: Table 2]METHODOLOGICAL QUALITY
The results of the ROB assessment are shown in Table 3. In general, there was insufficient information available in all trials included in this study. The risks of bias of included trials were mostly “unclear risk.”
TABLE 3 | Risk of bias.
[image: Table 3]Results of the Meta-Analysis
Four trials (Ding et al., 2020; Duan et al., 2020; Hu et al., 2020; Yu et al., 2020) reported lung CT. Compared with conventional therapy alone, combination therapy of honeysuckle and conventional therapy exhibited a significant improvement on lung CT [4 trials, n = 744, RR = 1.24, 95%CI (1.12, 1.37), I2 = 11%, p < 0.0001] (Figure 2A). Subgroup analysis revealed that combination therapy could better improve the lung CT of nonsevere COVID-19 [3 trials, n = 644, RR = 1.22, 95%CI (1.10, 1.35), I2 = 25%, p = 0.0002] (Figure 2A).
[image: Figure 2]FIGURE 2 | Forest plot of the effects of combination therapy for outcomes of (A) lung CT and (B) clinical cure rate.
Five trials (Ai et al., 2020; Fu et al., 2020a; Fu et al., 2020b; Yu et al., 2020; Hu et al., 2021) demonstrated the clinical cure rate. The results showed that clinical cure rate in the combination treatment groups was higher than the control groups [5 trials, n = 815, RR = 1.21, 95%CI (1.12, 1.31), I2 = 19%, p < 0.00001] (Figure 2B).
Three trials (Hu et al., 2020; Zhang et al., 2020; Hu et al., 2021) described viral nucleic acid testing. Compared with the control groups, no statistical difference on viral nucleic acid testing was identified [3 trials, n = 532, RR = 1.06, 95%CI (0.98, 1.15), I2 = 0%, p = 0.15] (Figure 3A). Subgroup analysis suggested no statistical difference between honeysuckle alone (p = 0.32) and Chinese herbal medicine formula (p = 0.28) (Figure 3A).
[image: Figure 3]FIGURE 3 | Forest plot of the effects of combination therapy for outcomes of (A) viral nucleic acid testing and (B) rate of conversion to severe cases.
Six trials (Fu et al., 2020a; Fu et al., 2020b; Hu et al., 2020; Yu et al., 2020; Zhang et al., 2020; Hu et al., 2021) reported rate of conversion to severe cases. We found that combination therapy could significantly reduce the rate of conversion to severe cases [6 trials, n = 965, RR = 0.50, 95%CI (0.33, 0.76), I2 = 0%, p = 0.001] (Figure 3B). Subgroup analysis showed that there was a significant difference between honeysuckle alone (p = 0.04) and Chinese herbal medicine formula (p = 0.01) (Figure 3B).
Six trials (Ding et al., 2020; Duan et al., 2020; Fu et al., 2020a; Fu et al., 2020b; Yu et al., 2020; Zhang et al., 2020) described clinical symptoms of fever, cough, and fatigue. Meta-analyses revealed that combination therapy could better improve the symptoms reduction rate and symptom score than conventional therapy (Table 4). As shown in Table 4, combination therapy could significantly improve the symptom score of fever, cough reduction rate, symptom score of cough, and symptom score of fatigue (p < 0.05). However, there was no significant difference in fever reduction rate and fatigue reduction rate between the combination treatment and control groups (p > 0.05).
TABLE 4 | Comparison of clinical symptoms between the treatment group and control group.
[image: Table 4]Five trials (Ai et al., 2020; Ding et al., 2020; Fu et al., 2020a; Fu et al., 2020b; Yu et al., 2020) reported inflammatory biomarkers. We found that combination therapy was beneficial for WBC count [3 trials, n = 433, MD = 0.38, 95%CI (0.31, 0.44), I2 = 22%, p < 0.00001], LYM count [4 trials, n = 531, MD = 0.23, 95%CI (0.05, 0.41), I2 = 97%, p = 0.01], and CRP level [4 trials, n = 533, MD = −12.95, 95%CI (−21.18, −4.01), I2 = 98%, p = 0.004] to return to normal. And these differences were statistically significant (p < 0.05) (Table 5).
TABLE 5 | Comparison of inflammatory biomarkers between the treatment group and control group.
[image: Table 5]All included trials reported adverse drug events. The common adverse drug events of combination therapy were nausea and vomiting, inappetence, diarrhea, headache, renal dysfunction, and abnormal liver function. As shown in Table 6, there was no significant difference in adverse events rate, diarrhea, and abnormal liver function between the combination treatment and control groups (p > 0.05). Additionally, inappetence, nausea and vomiting, headache, and renal dysfunction were reported in one trial (Hu et al., 2021), and no statistical difference was identified in both combination treatment and control groups.
TABLE 6 | Comparison of adverse drug events between the treatment group and control group.
[image: Table 6]Sensitivity Analysis
Sensitivity analysis revealed a small change in the effect amount, and a significant difference in lung CT, clinical cure rate, rate of conversion to severe cases, symptom score of fever, cough reduction rate, symptom score of cough, WBC count, and CRP. Sensitivity analysis indicated that the above results were robust.
Publication Bias
As the number of trials in any comparative outcome measure was less than ten, we did not assess the publication bias.
DISCUSSION
Summary of Findings
In our study, it was found that Chinese herbal medicine honeysuckle could provide additional benefit for the clinical outcomes of COVID-19. This finding was consistent with similar studies (Ang et al., 2020; Xiong et al., 2020). Similar studies have shown that, compared with conventional therapy, Chinese herbal medicine had better effects and fewer adverse drug events (Ang et al., 2020; Xiong et al., 2020). Facing such a severe COVID-19 epidemic, Western countries should pay high attention to the curative effect of Chinese herbal medicine.
Honeysuckle is one of the most widely used traditional Chinese herbal medicines. It is used as an antiviral, immunomodulator, anti-inflammatory, hepatoprotectant, and nephroprotectant (Miao et al., 2019; Bai et al., 2020; Fang et al., 2020; Alekhya Sita et al., 2019). Honeysuckle is predicted to suppress SARS-CoV-2 replication (Lee et al., 2021). Honeysuckle extracts can inhibit the replication of influenza viruses H1N1, H3N2, and the oseltamivir-resistant mutant strain H1N1-H275Y (Li et al., 2020). Honeysuckle polysaccharides can regulate nonspecific immunity (Zhou et al., 2018) and inhibit the expression of inflammatory factors TNF-α and IL-1β (Bai et al., 2020). Neochlorogenic acid from Lonicera can prevent excessive macrophage-mediated responses associated with acute and chronic inflammatory disorders (Park et al., 2018). Lonicera caerulea L. polyphenols (LCPs) can alleviate LPS-induced liver injury by suppressing the nuclear translocation of NF-κB p65 and activation of the MAPK signaling pathway (Li et al., 2020). Luteolin is a pharmacologically active component normally found in honeysuckle, which exhibits antioxidant activity and nephroprotective activity (Alekhya Sita et al., 2019).
In our study, honeysuckle combined with conventional therapy was superior to conventional therapy alone in improving clinical symptoms, imaging, and laboratory indexes. Compared with conventional therapy alone, combination therapy of honeysuckle and conventional therapy could improve symptom score of fever, cough reduction rate, and symptom score of cough. We found that combination therapy could improve lung CT, increase WBC count, and reduce CRP level. This is related to the fact that honeysuckle can affect the immune response and production of inflammatory cytokines (Zhou et al., 2018; Bai et al., 2020). Immunopathological changes, including diminished lymphocytes and elevated cytokines, are important drivers of disease progression and death in coronavirus infections (Tang et al., 2020). Cytokine storm is uncontrolled overproduction of inflammation markers with elevated levels of IL-6, IL-1β, and TNF-α (Coperchini et al., 2020; Kempuraj et al., 2020). This leads to acute lung injury, acute respiratory distress syndrome (ARDS), and widespread tissue damage resulting in multiorgan failure and death (Ragab et al., 2020; Caricchio et al., 2021). In our study, we also found that combination therapy had improvements in clinical parameters including clinical cure rate and rate of conversion to severe cases.
Safety issues should be another concern when honeysuckle combined with conventional therapy is used for COVID-19 patients. In our study, all included trials reported adverse drug events. Compared with conventional therapy alone, combination therapy of honeysuckle and conventional therapy did not increase adverse drug events. This is related to the fact that honeysuckle exhibits hepatoprotective and nephroprotective activity (Alekhya Sita et al., 2019; Li et al., 2020).
Strengths and Limitations
This study is to our knowledge the first systematic review and meta-analysis for the effectiveness and safety of honeysuckle combined with conventional therapy in adult patients with COVID-19. It could help to respond to the current public health emergency. Another advantage could be that only randomized studies are included. Our study was also performed in accordance with Cochrane Handbook and PRISMA checklist to draw quantitative conclusions with scientific and rigorous methods. In addition, we conducted a subgroup analysis and sensitivity analysis. It meant that our meta-analysis results were more robust.
However, our review had several limitations. Merger statistical analysis of some outcomes had unexplained heterogeneity. Most of the included trials had deficiencies in methodology design, including hidden allocation, blinding, and selective reporting. Publication bias was unclear. The drugs used in the control group were different. However, we did not perform subgroup analyses. The treatment duration ranged from 5 to 15 days. We also did not perform subgroup analyses according to treatment duration.
CONCLUSION
In conclusion, honeysuckle combined with conventional therapy may be beneficial for the treatment of COVID-19 in improving clinical symptoms, lung CT, laboratory indicators, and clinical cure rate and reducing the rate of conversion to severe cases. Besides, combination therapy did not increase adverse drug events. However, considering the poor methodology of included trials, more high-quality trials are needed to evaluate the efficacy of honeysuckle in the treatment of COVID-19 in the future.
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