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ABSTRACT
Introduction	
Antimicrobial resistance (AMR) is a serious threat to global public health by compromising the effectiveness of infection prevention and treatment strategies. This escalating issue necessitates the exploration of alternative treatments and natural remedies to reduce reliance on antibiotics. Piper longum L. has historically been used in the treatment of respiratory infections in Ayurvedic medicine. This systematic review aims to evaluate the safety and efficacy of Piper longum in managing Acute Respiratory Infections (ARIs).
Methods
Nine databases (PubMed, Embase, Cochrane CENTRAL, CINAHL, AMED, ProQuest, CNKI, and Google Scholar) were systematically searched for randomized controlled trials (RCTs) and non-randomized controlled clinical trials (NRCTs) evaluating Piper longum. The primary outcomes assessed were improvement in acute respiratory infections, ARI symptoms and side effects. A narrative approach was used to synthesize the data. The Cochrane Risk of Bias tool was used to assess study quality, and Rayyan was used to screen eligible studies. Data extraction was performed independently by two reviewers.
Results
Two  studies met the inclusion criteria (one RCT and one NRCT). One study reported that Piper longum improved symptoms of acute respiratory infections (ARIs), including frequency of cough bouts, sleep disturbances, sputum production, crepitations, throat infections, wheezing, nasal discharge, and loss of appetite. Side effects associated with Piper longum ranged from minimal (such as chest burning) to none. However, the methodological quality of the included trials was generally poor.
Conclusion
Piper longum may be beneficial and safe for relieving symptoms of ARIs. Nevertheless, these findings should be interpreted with caution due to the poor methodological quality and heterogeneity of the included studies. To better understand the efficacy and safety of Piper longum, well-designed trials with rigorous methodologies and transparent reporting are necessary.
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1. Introduction
Antimicrobial resistance (AMR) has emerged as a major global health concern, recognized by the World Health Organization (WHO) as one of humanity's top 10 global public health threats [1]. Antimicrobials, which are a cornerstone of modern medicine, have been compromised by drug-resistant pathogens, hindering our ability to treat common infections and perform life-saving procedures [2]. In 2019,  AMR caused around 1.27 million deaths, and more people died from infections that could not be treated due to microbial resistance than from HIV or malaria [3]. This global threat renders antimicrobial treatments less effective for a range of infections, due to the overuse and misuse of antimicrobial agents, compounded by insufficient development of new drugs. Consequently, AMR leads to increased mortality rates, prolonged illnesses, and significant healthcare costs worldwide [4]. Additionally, the excessive use of antimicrobials in veterinary medicine and agriculture contributes to the spread of resistant pathogens, highlighting the necessity for a multidisciplinary approach to combat AMR comprehensively [5].

If AMR continues to grow, it is estimated that 10 million deaths annually and a 2%-3.5% decline in GDP could occur by the year 2050 which would cost the  global economy up to USD 210 trillion [6]. Despite global initiatives, AMR continues to escalate, underscoring the urgent need for surveillance, stewardship programs, and research into alternative treatment strategies [7]. The persistent rise of resistant bacterial strains further highlights the critical need for alternative treatment approaches to address AMR and lessen the adverse impacts on public health [8]. 

Among the myriad infections affected by AMR, Acute Respiratory Infections (ARIs) stand out prominently. ARIs include a wide range of viral and bacterial infections and are broadly classified into upper and lower respiratory tract infections [3]. Upper respiratory tract infections (URTIs)  affect the nasal passages, throat, and sinuses and include conditions such as the common cold, sinusitis, pharyngitis, epiglottitis and laryngotracheitis. Lower respiratory tract infections (LRTIs) involve the bronchi and lungs, and include conditions such as bronchitis, bronchiolitis and pneumonia [9].

 Although ARIs predominantly have a viral etiology, antibiotics are often administered inappropriately, thereby contributing to the rise in antimicrobial resistance. Antibiotics not only fail to provide therapeutic benefit in such cases but also increase the pressure on resistant bacterial strains to evolve, making these illnesses more difficult to manage [10]. Considering these aspects, it is necessary to explore alternative medicines and methods derived from natural sources to combat antimicrobial resistance and reduce use of antibiotics [11]. Due to their many different pharmacological qualities, medicinal plants have been used in traditional medical systems all over the world for millenia [12].

One such medicinal plant, Piper longum L, also known as long pepper, has been widely used in the treatment of various health conditions in Ayurveda and Traditional Chinese medicine (TCM). It is known for its broad spectrum of antibacterial action and historical usage in the treatment of respiratory conditions [13]. Piper longum, a member of the family Piperaceae, is a perennial climbing herb characterized by slender branches and oval-heart-shaped leaves [14]. Piper longum thrives in a variety of habitats, and is commonly found in humid tropical climates, preferably in shady conditions, and is also cultivated in home gardens. Globally, Piper longum is distributed across the Indo-Malaysian region, China, and Sri Lanka [15]. In India, its distribution spans Northeast India, including the Central to Eastern Himalayas and the Western Ghats of Kerala and Tamil Nadu, as well as the Nicobar Islands [13].

In Ayurveda, Piper longum is characterized by its katu rasa (pungent taste), presented with madhura vipaka (sweet post-digestive effect) and ushna virya (hot potency). It is noted for its snigdha (oily/unctuous) property and possesses both laghu (light) and teekshna (sharp) attributes. Regarding potency, opinions vary, with some texts describing it as sheeta (cold) and others as ushna (hot) [16].  In traditional Chinese medicine, Piper longum belongs to acrid flavours, with property of warming the centre and dispelling cold, and lowering qi to relieve pain [17]. Based on the analysis of medication patterns in Tibetan medicine classics (The Four Treatises of Tibetan Medicine (rGyud bzhi)), Piper longum is among the top 5 most frequently used herbs in prescriptions for lung diseases [18]. 

Piper longum is believed to be tridosahara (balancing all three doshas or humours). It exhibits a diverse array of actions, including ama hara (balancing toxins), rasayana (promoting rejuvenation), vrishya (nourishing the reproductive tissues/aphrodisiac), and deepana  (increasing digestive processes). Piper longum is esteemed for its therapeutic efficacy in treating various diseases, encompassing fever (jvara), respiratory conditions (svasa), digestive disorders (udara), skin diseases (kushtha), metabolic disorders (prameha), abdominal tumours (gulma), pain (shula), and rheumatism (amavata) [19]. Kapha dosha has properties like madhura (sweet), guru (heavy), manda (slow) whereas Piper longum balances kapha dosha, easing cough with its katu rasa (pungent taste) and properties like laghu (light), teekshna (sharp) breaking down kapha (Phlegm) for easier removal.

1.1. Respiratory Effects of Piper longum 
For centuries, Piper longum has been used as a medicine to cure respiratory diseases in both Ayurveda and Unani systems of medicine. Its roots are used in treating and managing bronchitis [16, 20]. Traditional healers in Nepal have been using Piper longum to treat cough [21]. The fruits are often ground into a powder and mixed with honey to manage respiratory infections and alleviate cough symptoms [22]. 
Vardhamana Pippali Rasayana (a procedure of administering Piper longum in an orderly,  increasing dose and later tapering to reach the beginning dose on the final day) is a traditional Ayurvedic formulation that highlights the therapeutic potential of Piper longum in treating respiratory conditions in combination with honey and ghee [23]. Additionally, another formulation, Talisapatradi Churna, an Ayurvedic formulation containing Piper nigrum, Piper longum, and Zingiber officinale, addresses respiratory issues such as acute and chronic bronchitis, and asthma [24].
Piper longum's pharmacological characteristics, including bronchodilatory and mucolytic actions, make it a promising option for ARI management without notable side effects. A bibliometric study  indicates that most pharmacological research on Piper longum focused on its lipid-lowering properties, anticancer effects, and anti-inflammatory and antioxidant functions. Its main active component, piperine (PIP), exerts anti-inflammatory effects by inhibiting the activity of signalling pathways such as NF-κB, thereby reducing the expression of inflammation-related proteins and demonstrating  anti-inflammatory activity [25].
Piper longum's potential in respiratory treatment aligns with the growing need to address antimicrobial resistance. Its anti-inflammatory properties and ability to alleviate respiratory symptoms provide a potential natural solution to combat antimicrobial resistance, offering a sustainable approach to respiratory healthcare. Therefore, this review aims to synthesize current clinical evidence of the safety and efficacy of Piper longum in the treatment of respiratory infections [19].
2. Methods
2.1   Review Registration and Reporting Guideline
This systematic review was performed and reported the findings according to the Preferred Reporting Items for Systematic Review and Meta-Analysis (PRISMA) statement  [26]. The protocol was developed before the review and registered in PROSPERO  (ID: CRD42024564247). Furthermore, the review follows the Population, Intervention, Comparison, and Outcome (PICO) characterization.
2.2 Search Strategy
A systematic literature search was performed across nine databases: PubMed, Embase, Cochrane CENTRAL, CINAHL, AMED, ProQuest, CNKI (China National Knowledge Infrastructure), and Google Scholar. These databases were initially searched between  February to June 2024, and the search was updated on 25th June 2025 to identify relevant published literature. The search aimed to identify scientific articles examining the effects of Piper longum on ARIs, without any date restrictions. Specific keywords and MeSH terms were employed to enhance the specificity and sensitivity of the search strategy.
The three broad concept categories “Acute respiratory infection”, “Piper longum” and “Clinical trials” were searched by combining them using Boolean operators (AND and OR). The search strategy included the related terms to ensure all relevant articles were retrieved (Appendix - 1).
2.3 Study Selection
The articles identified were imported to Rayyan, a systematic review management software (https://www.rayyan.ai/) for screening and deduplication. Two review authors independently screened the title and abstracts to include only the studies that met the eligibility criteria. Disagreements were discussed with a third reviewer until a consensus was reached. Full-text articles that met our criteria underwent further assessment for inclusion. 
2.4 Eligibility Criteria
Inclusion Criteria
· Population:
· Studies involving human participants diagnosed with Acute Respiratory Infections (ARIs), including upper and/or lower respiratory tract infections.
· No age restrictions were applied. Both paediatric and adult populations were considered. 
· Intervention: Use of herbal medicine Piper longum, administered as a single-drug intervention in any form.
· Comparison: Studies with a comparator or control group were included
· Outcomes: Studies that assess clinical outcomes related to ARIs such as, symptom improvement, reduction in severity or any reported adverse events or side effects.
· Study Design: Randomized controlled trials (RCTs) and Non-randomized controlled trials (NRCTs) were included.  
· Duration: Studies with short-term intervention and follow-up periods appropriate for ARIs were considered. Studies ranging from a few days to maximum of 3 weeks were included. (The three-week limit was set as ARIs are short-term illnesses, typically resolving in days or weeks. Longer durations risk including sub-acute or chronic conditions, which fall outside the scope of this review)
Exclusion Criteria
1. Animal, in vitro, and in silico studies
2. Descriptive studies, review studies, cohort studies, case-control studies, case reports, case series etc
3. Studies with inadequate data
2.5 Data Extraction
Data were extracted using a pre-designed form in Microsoft Excel. The extraction form included key information to capture such as
· Study design and methodology
· Population characteristics
· Details of intervention
· Comparator interventions if any
· Outcomes assessed 
· Main findings
Two reviewers independently extracted the data from the included studies. Any discrepancies were discussed and resolved by consensus. This process helped maintain accuracy and minimize the risk of bias in data extraction. No automation tools were used in the data extraction process. Study authors were contacted to obtain additional information; however, no responses were received. 
2.6 Methodological Quality Assessment 
Risk of bias was assessed using the Cochrane Risk of Bias tool (RoB) for RCTs (https://methods.cochrane.org/bias/resources/rob-2-revised-cochrane-risk-bias-tool-randomized-trials) and the Cochrane Risk of Bias In Non-randomized Studies-of Intervention (ROBINS-I) (https://methods.cochrane.org/bias/risk-bias-non-randomized-studies-interventions) tool for NRCTs.
2.7 Data Synthesis
We planned to conduct a meta-analysis using a random-effects model if studies were homogeneous in terms of intervention, comparator, and outcome measures. Forest plots would have been generated using Review Manager (RevMan) software, and statistical heterogeneity assessed using Chi-square test (p<0.1) and I² statistic. If high levels of heterogeneity among the trials existed (I² ≥ 50% or P <0.1), we planned to explore sources of heterogeneity narratively and by using sensitivity analyses. However, due to substantial clinical and methodological heterogeneity between the two included studies-including differences in intervention forms, duration (7 days and 21 days), outcome measures and study design – we did not perform meta-analysis.
Instead, we performed a narrative synthesis to compare the findings from the included studies, focusing on identifying patterns and themes around the following domains: Type of intervention, duration and dosage administered, reported outcomes (symptom relief, severity reduction and adverse effects) and  main findings and conclusions. 
The data were tabulated to facilitate visual comparison of study characteristics and outcomes. Since only two studies were included, no subgroup analysis, sensitivity analysis or exploration of heterogeneity was conducted beyond descriptive comparison. 
3. Results 
3.1 Identification of Studies
The literature search resulted in a total of 2,093 articles from the different databases: PubMed (n=20), Embase (n=155), Cochrane CENTRAL (n=311), CINAHL (n=22), AMED (n=4),  ProQuest (n=93) , CNKI (n=138), Google Scholar (n=1,350). After removing  67 duplicate records, 2026 articles remained for title and abstract screening. On  title and abstract screening we excluded 2110 non-relevant articles. 16 articles were eligible for full-text screening, of which 14 were excluded for not meeting the required criteria (see Appendix 2). Subsequently, 2 full-text articles were included [27, 28]. The article selection process is illustrated in the Prisma flow chart (Fig 1).

3.2 Characteristics of the Included Studies
Among the two included articles, one is a Randomized Controlled Trial (RCT), and the other is a Non-Randomized Controlled Trial (NRCT). The RCT [27] in adults with acute cough compared 3 weeks of Piper longum with Adhatoda vasica, a medicinal shrub for respiratory infections.  This article only reported side-effects and did not measure effectiveness for symptom alleviation. The second article, the  NRCT [28] included children with acute cough. It compared a one-week treatment with Piper longum with another herb  Inula racemosa, with honey as an adjuvant (Table 1).

3.3 Risk of Bias of Included Studies
The  randomised controlled trial [27] (Table 2a) and the non-randomized controlled trial [28] (Table 2b) showed varying degrees of bias across different domains. The study by Pathak et al. [27] presented a high risk of bias in domains such as missing data and outcomes measures, while some concerns were noted in randomization, deviations from intended interventions,  and reported results. Similarly, the study by Wankhede et al. [28] demonstrated a high risk of bias for deviations from intended interventions and some concerns regarding the measurement of outcomes, whereas the other domains showed low risk of bias. 

3.4 Symptom Improvement
Only one study reported on changes in symptoms, comparing Piper longum with another herbal medicine commonly used to treat respiratory infections, Inula racemosa  [28]. The study found that both herbal preparations resulted in similar improvements in frequency of coughing bouts, sleep disturbance, and sputum production (Table 3 and 4). Piper longum resulted in a significantly better improvement in crepitations, nasal discharge, and loss of appetite (Table 3). 
In the Piper longum group, 19 out of 30 participants were fully cured, whereas in the Inula racemosa group, 12 out of 30 participants were fully cured.
3.5 Safety Outcomes 
Wankhede et al.[28] did not report on side-effects or adverse events. The study by Pathak et al. [27] primarily focused on the safety and tolerability of  Piper longum while comparing it with Adhatoda vasica. Temperature and blood pressure were monitored, and blood tests were conducted on all patients to monitor full blood count, renal function, liver function, fasting blood glucose, urinalysis, and stool analysis. No statistically significant changes were observed in vital signs such as temperature, blood pressure, or laboratory investigations such as liver function or renal function.

3.6 Adverse Events
Only two patients who were treated with Piper longum developed chest burning on the 13th and 19th days of treatment. However the chest burning was mild and not severe in nature and resolved. The remaining patients did not report any adverse effects. 
3.8 Excluded Studies
[bookmark: _Hlk194400638]Several other articles were identified during the initial search but were excluded as they did not meet the selection criteria (e.g., single-arm studies or studies using Piper longum in combination with other ingredient). Single-arm studies [29, 30] reported a significant improvement in both subjective and objective parameters of respiratory illness after using Piper longum in children.  A newly developed herbal cough syrup with Piper longum as the primary ingredient demonstrated substantial efficacy in managing cough, asthma, and bronchitis in patients with various conditions such as cardiovascular disease, tuberculosis, diabetes, asthma, respiratory infection, and malaria across various age groups [31]. The formulation was also proven to be stable, easy to prepare, economical, and safe for all ages with no reported side effects. Compared to allopathic and homeopathic medicines, it showed superior bronchodilator, mucolytic, antitussive, and decongestant effects, making it a highly effective and preferred treatment option. A non-randomised  study [32] evaluated an Ayurvedic formulation with Tinospora cordifolia and Piper longum  as an add-on to standard COVID-19 care in a non-randomized prospective study of 60 patients in Gurgaon, India. Results showed reduced hospital stay duration, improved recovery time, and better well-being and activity levels post-discharge in the group treated with the Ayurvedic formulation. Another study reported reduced hospital stay and recovery time, no adverse reactions or drug-herb interactions, patient acceptability, and improved quality of life when patients with COVID-19 were administered Piper longum formulation along with standard treatment [33]. In addition, we also found a case series of modified Qingtan Powder patches (a Chinese herbal formula) for chronic bronchitis and asthma with Piper longum as one of the components, which showed effectiveness in 92% of people using this formula every 10 days for 3 years as a treatment course [34].
4. Discussion
4.1 Main Findings          
Although Piper longum is a commonly used treatment for ARIs, we did not find any good quality RCTs measuring its effectiveness. There were no clinical trials  comparing it to placebo, no treatment,  or usual care. The only two  studies compared it to other herbal medicines and were both at high risk of bias. However, the studies do provide evidence of safety. The RCT [27] found that it is well-tolerated with minimal adverse effects, while the NRCT [28]  reported significant improvements in cough symptoms in children. 

4.2  Strengths and Limitations
4.2.1 Strengths
We conducted a thorough search across multiple databases (PubMed, Embase, Cochrane CENTRAL,  CINAHL, AMED, ProQuest, CNKI, and Google Scholar) ensuring a wide capture of relevant studies on Piper longum, with no language or date restrictions. The inclusion of both randomized and non-randomized studies adds breadth to the findings. Our review has well-defined inclusion and exclusion criteria, focusing on clinical trials with human participants experiencing ARIs, which helped maintain the relevance and quality of the included studies. The included studies' quality and risk of bias were assessed using standardized tools (Cochrane Risk of Bias tool for RCTs and ROBINS-I for NRCTs), providing a critical evaluation of the methodological rigor employed. 

4.2.2 Limitations
Only two studies met the inclusion criteria, which limit the generalizability and robustness of the findings.  The included studies were of overall poor methodological quality,  with significant concerns about bias in areas such as randomization, outcome measurement, and reporting. A uniform conclusion about the safety and efficacy of Piper longum could not be drawn due to varied study designs, sample sizes, and outcome measures. We were unable to perform any meta-analysis because of this heterogeneity. 

4.3 Deviations from the Registered Protocol
Due to a lack of studies that met the original comparator criteria, our final review included two studies with active comparators (other herbal medicines), even though the original protocol registered on PROSPERO (CRD42024564247) intended to include only studies with control groups (placebo, no treatment, or usual care). Furthermore, despite our initial plan to perform a meta-analysis using a random-effects model, we were unable to do so because of significant variation in study designs, interventions, and outcome measures, as well as the small number of included studies. Instead, a narrative synthesis was employed. Due to a lack of data, we also did not conduct sensitivity or subgroup analyses as intended.

These deviations were made to ensure that the limited but relevant evidence on the use of Piper longum for ARIs was not excluded from the review. We acknowledge that these changes limit the strength, generalizability,  and reliability of the conclusions reached. However, the absence of high-quality controlled trials  highlights a significant gap, underscoring the need for well-designed clinical trials that can make definitive conclusions and recommendations on the safety and efficacy of Piper longum in managing ARIs.

4.4  Recommendations for Future Research
Further research is essential to determine the effectiveness of Piper longum in the management of ARIs and to assess whether its use can reduce overuse of antibiotics. Future studies should be adequately powered with larger sample sizes to ensure that results are generalizable. As most respiratory infections are self-limiting, it is essential to use rigorous double-blind randomized controlled trials (RCTs) to compare Piper longum with placebo. Researchers should also use standardized reporting guidelines to ensure transparency and reproducibility and should clearly define outcome measures to facilitate comparison and synthesis of results. 

Additionally, considering that traditional medical systems often utilize formulations with multiple ingredients, future research could study the effectiveness of formulations in which Piper longum is the predominant component, for example Talisapatradi Churna, (containing Piper nigrum, Piper longum, and Zingiber officinale). This should be supported by appropriate methodology for the selection and validation of these formulations, ensuring both efficacy and safety in the management of ARIs. 
5. Conclusion
Although Piper longum is commonly used to treat ARIs, there have been no high-quality randomised controlled trials (RCTs) to assess its effectiveness. The global health threat posed by antimicrobial resistance (AMR) necessitates the exploration of effective non-antibiotic treatments, and Piper longum fits well into this paradigm for several reasons. Further robust clinical trials are essential to validate Piper longum's efficacy in managing common respiratory infections, establish standardized dosing protocols, and broaden its applicability in diverse populations. 
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Tables and Figures

Table 1
Study characteristics of selected articles
	Authors, Year
	Study Design
	Sample size
	Age
	Study Duration
	Condition
	Intervention
	Control
	Dosage
	Outcomes measured
	Overall Risk of Bias

	Pathak et al. [27]
	Randomized Controlled Trail
	39
	15-50 y
	21 days
	Acute cough
	Piper longum  powder
	Adhatoda vasica powder
	4g (2 times a day)
	1. Adverse signs or symptoms
	High

	Wankhede et al. [28]
	Comparative clinical study
	60
	5-16 y
	7 days
	Acute cough
	Piper longum  powder with honey
	Inula racemosa powder with honey
	0.1g (2 times a day)
	1. Frequency of cough bouts
2. Disturbance of sleep
3. Sputum
4. Crepitations
5. Nasal discharge
6. Loss of appetite
	High





Table 2
Assessment of risk of bias of included studies
Table 2a
Randomized Controlled Trial
	Study
	Randomization
	Deviation
	Missing Data
	Outcome Measurement
	Reported Results
	Overall

	Pathak et al. [27]
	Some concerns
	Some concerns 
	High 
	High 
	Some concerns
	High



Table 2b
Non-Randomized Controlled Trial
	Study
	Confounding
	Selection of Participants
	Classification of interventions
	Deviation from intended interventions
	Missing data
	Measurements of outcomes
	Selection of the reported results

	Wankhede et al. [28]
	Low concerns
	Low concerns
	Low concerns
	No information
	Low concerns
	Moderate concerns
	No information



Table 3
Comparing Inula racemosa and Piper longum before treatment (BT) and after treatment (AT) 
	SI. No.
	Symptoms
	(Inula racemosa) (mean score)
	(Piper longum) (mean score)
	Wilcoxon P value (within group)
	Mann-Whitney U P value (between groups)

	
	
	BT
	AT
	BT
	AT
	Inula racemosa
	Piper longum
	

	1
	Frequency of cough bouts
	1.86
	0.30
	1.93
	0.20
	0.014
	0.049
	0.349

	2
	Disturbance of sleep
	1.56
	0.33
	1.40
	0.20
	0.005
	0.036
	0.79

	3
	Crepitations
	1.30
	0.40
	1.63
	0.13
	0.0001
	0.026
	0.03

	4
	Sputum production
	1.93
	0.36
	2.03
	0.33
	0.0149
	0.030
	0.94

	5
	Nasal discharge
	2.10
	0.53
	2.16
	0.13
	0.022
	0.032
	0.03

	6
	Loss of appetite
	0.70
	0.23
	0.70
	0.06
	0.0003
	0.007
	0.03



Table 4
Improvement percentage
	
	Intervention
	Inula racemosa
	Piper longum

	SI. No.
	Subjective Parameter
	% individual improved

	1
	Frequency of cough bouts
	86.6
	89.4

	2
	Disturbance of sleep
	73.1
	94.1

	3
	Crepitations
	69.4
	93.8

	4
	Sputum production
	73.3
	94.1

	5
	Nasal discharge
	78.5
	86.1

	6
	Loss of appetite
	81.8
	85.0



Table 5
Cure rates
	SI. No.
	Overall improvement
	Inula racemosa
	Piper longum

	
	
	No. of patients
	%
	No. of patients
	%

	1
	Cured
	12
	40.0
	19
	63.3

	2
	Improved
	17
	56.7
	11
	36.7

	3
	No change
	1
	3.3
	0
	0















Figure

Fig.1. PRISMA flow chart
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Appendix 1: Search Strategy
The following keywords, search strings and combination of Boolean operators were used with variations for the respective databases
	Database
	Search Strategy

	PubMed
	("supraglottitis"[MeSH Terms] OR "laryngitis"[MeSH Terms] OR "cough"[MeSH Terms] OR "influenza, human"[MeSH Terms] OR "tracheitis"[MeSH Terms] OR "bronchitis"[MeSH Terms] OR "pharyngitis"[MeSH Terms] OR "rhinitis"[MeSH Terms] OR "sinusitis"[MeSH Terms] OR "common cold"[MeSH Terms] OR "respiratory tract infections"[MeSH Terms] OR "kaphaja kasa"[Title/Abstract] OR ("respiratory tract infection*"[Title/Abstract] OR (("eur med j respir"[Journal] OR "respiratory"[All Fields]) AND "n3"[All Fields] AND "infection*"[Title/Abstract]) OR "RTI"[Title/Abstract] OR (("chested"[All Fields] OR "thorax"[MeSH Terms] OR "thorax"[All Fields] OR "chest"[All Fields] OR "chests"[All Fields]) AND "n3"[All Fields] AND "infection*"[Title/Abstract]) OR "rhinit*"[Title/Abstract] OR "sinusit*"[Title/Abstract] OR "pharyngit*"[Title/Abstract] OR "laryngit*"[Title/Abstract] OR "rhinosinusit*"[Title/Abstract] OR"rhinopharyngit*"[Title/Abstract] OR "nasosinusit*"[Title/Abstract] OR "nasopharyngit*"[Title/Abstract] OR ("sinonasal*"[Title/Abstract] OR "rhino sinusit*"[Title/Abstract] OR "rhino pharyngit*"[Title/Abstract] OR "naso sinusit*"[Title/Abstract] OR "naso pharyngit*"[Title/Abstract] OR "sino nasal*"[Title/Abstract] OR "cold*"[Title/Abstract] OR "bronchit*"[Title/Abstract] OR "supraglottit*"[Title/Abstract] OR "epiglott*"[Title/Abstract] OR "pulmon*"[Title/Abstract] OR "tracheit*"[Title/Abstract] OR "respirat*"[Title/Abstract] OR "tonsillit*"[Title/Abstract] OR "flu"[Title/Abstract] OR "influenza"[Title/Abstract] OR "cough*"[Title/Abstract] OR "catarrh"[Title/Abstract] OR ("muc"[All Fields] AND "us"[Title/Abstract]) OR "phlegm*"[Title/Abstract]) OR ("sore"[All Fields] AND "n3"[All Fields] AND "throat"[Title/Abstract]) OR (("pharynx"[MeSH Terms] OR "pharynx"[All Fields] OR "throat"[All Fields] OR "throats"[All Fields]) AND "n3"[All Fields] AND "pain"[Title/Abstract]) OR (("block"[All Fields] OR "blocked"[All Fields] OR "blocking"[All Fields] OR "blockings"[All Fields] OR "blocks"[All Fields]) AND "n3"[All Fields] AND "nose"[Title/Abstract]) OR ("runn*"[All Fields] AND "n3"[All Fields] AND "nose"[Title/Abstract]) OR ("stuff*"[All Fields] AND "n3"[All Fields] AND "nose"[Title/Abstract]) OR ("short*"[All Fields] AND "n3"[All Fields] AND "breath*"[Title/Abstract]) OR "breathless*"[Title/Abstract] OR ("rhinorrh"[All Fields] AND "ea"[Title/Abstract]) OR "congest*"[Title/Abstract] OR "discharge*"[Title/Abstract] OR (("tight"[All Fields] OR "tights"[All Fields]) AND "n3"[All Fields] AND "chest"[Title/Abstract]) OR "sneez*"[Title/Abstract] OR ("COVID"[Title/Abstract] OR "COVID19"[Title/Abstract] OR "SARS-CoV-2"[Title/Abstract] OR "SARS-CoV2"[Title/Abstract] OR "SARSCoV2"[Title/Abstract] OR "SARSCoV-2"[Title/Abstract] OR "SARS coronavirus 2"[Title/Abstract] OR "2019 nCoV"[Title/Abstract] OR "2019nCoV"[Title/Abstract] OR "nCov 2019"[Title/Abstract] OR "nCov 19"[Title/Abstract] OR "severe acute respiratory syndrome coronavirus 2"[Title/Abstract] OR "novel coronavirus disease"[Title/Abstract] OR "novel corona virus disease"[Title/Abstract] OR "corona virus disease 2019"[Title/Abstract] OR "coronavirus disease 2019"[Title/Abstract] OR "novel coronavirus pneumonia"[Title/Abstract] OR "novel corona virus pneumonia"[Title/Abstract] OR "severe acute respiratory syndrome coronavirus 2"[Title/Abstract]))) AND (("randomized controlled trial"[Title/Abstract] OR "controlled clinical trial"[Title/Abstract] OR "random"[Title/Abstract] OR "placebo"[Title/Abstract] OR "clinical trials as topic"[MeSH Terms] OR "trial"[Title/Abstract] OR "clinical"[Title/Abstract] OR "clinical evaluation"[Title/Abstract] OR "clinical assessment"[Title/Abstract] OR "clinical study"[Title/Abstract] OR "clinical trial"[Title/Abstract] OR "clinical validation"[Title/Abstract] OR "non randomized controlled trial"[Title/Abstract] OR "non randomized controlled trial design"[Title/Abstract]) NOT ("animal experimentation"[MeSH Terms] OR "models, animal"[MeSH Terms] OR "animals"[MeSH Terms])) AND ("pippali"[Title/Abstract] OR "Piper longum "[Title/Abstract] OR "piper"[Title/Abstract] OR "piperine"[Title/Abstract] OR "pippali Piper longum "[Title/Abstract] OR "pippali rasayana"[Title/Abstract] OR "pippaliasava"[Title/Abstract] OR "pippaliyadi"[Title/Abstract] OR "pippaliyadi vati"[Title/Abstract] OR "long pepper extract"[Title/Abstract] OR "long pepper fruit"[Title/Abstract] OR "long pepper oil"[Title/Abstract] OR "long pepper plant"[Title/Abstract] OR "long pepper plants"[Title/Abstract] OR "long peppers"[Title/Abstract] OR "Piper longum  and piper"[Title/Abstract] OR "Piper longum  extract"[Title/Abstract] OR "Piper longum  fruit"[Title/Abstract] OR "Piper longum  fruits"[Title/Abstract] OR "Piper longum  fruit extract"[Title/Abstract] OR "Piper longum  linn"[Title/Abstract] OR "Piper longum  root"[Title/Abstract] OR "Piper longum ine"[Title/Abstract] OR "Piper longum "[Title/Abstract])

	CINAHL,AMED, Cochrane CENTRAL, ProQuest and EMBASE 
	 ("respiratory tract infection*" OR "respiratory infection*" OR RTI OR "chest infection*" OR rhinit* OR sinusit* OR pharyngit* OR laryngit* OR rhinosinusit* OR rhinopharyngit* OR nasosinusit* OR Nasopharyngit* OR Sinonasal* OR rhino-sinusit* OR rhino-pharyngit* OR naso-sinusit* OR naso-pharyngit* OR sino-nasal* OR cold* OR bronchit* OR supraglottit* OR epiglott* OR pulmon* OR tracheit* OR respirat* OR tonsillit* flu OR influenza OR cough* OR catarrh* OR muc?us.mp OR phlegm* OR "sore throat" OR "throat pain" OR "blocked nose" OR "stuff* nose" OR "runn* nose" OR "short* breath*" OR breathless* OR rhinorrh?ea OR congest* OR discharge* OR "short* breath*" OR breathless* OR rhinorrh?ea.mp OR congest* OR "tight chest" OR sneez* OR COVID OR COVID19 OR SARSCoV2 OR "SARS coronavirus 2" OR "2019 nCoV" OR "2019nCoV" OR "nCov 2019" OR "nCov 19" OR "severe acute respiratory syndrome coronavirus 2" OR "novel coronavirus disease" OR "novel corona virus disease" OR "corona virus disease 2019" OR "coronavirus disease 2019" OR "novel coronavirus pneumonia" OR "novel corona virus pneumonia" OR "severe acute respiratory syndrome coronavirus 2" )                                                                                                                         AND ("randomized controlled trial" OR "controlled clinical trial" OR placebo OR random* OR "Clinical Trials as Topic" OR Trial) AND (“Piper longum” OR “Long pepper” OR “Piperine” OR Piper OR “long pepper fruit extract” OR Pippali OR “Piperis longi fructus extract” OR “Piperis longui fructus extract” OR “pippali fruit extract” OR “Indian long pepper extract” OR “Piper longum fruit extract” OR “Indian long pepper root extract” OR “Piper longum root extract” OR “long pepper whole extract” OR “Piper longum whole extract” OR “Pippali root extract” OR “Chavica roxburghii whole extract” OR “Indian long pepper whole extract” OR “Piper roxburghii whole extract” OR “Chavica longa whole extract” OR “long pepper root extract” OR “jaborandi pepper root extract”)

	CNKI
	TKA=('荜茇' + '荜茇根' + '荜拔' + '鼠尾' + '毕勃' + '荜芨' '荜菝' + '毕拔' + '阿梨诃他' + '椹圣' + '必卜') AND TKA=('呼吸道感染' + '新冠' + '肺炎' + '扁桃体炎' + '咽喉痛' + '咽痛' + '咽炎' + '感冒' + '咳嗽' + '鼻窦炎' + '鼻炎' + '中耳炎' + '流感' + '支气管炎') NOT TKA=('鼠')

	Google Scholar
	Piper longum AND Long pepper AND Pippali





Appendix 2: Excluded studies
	SI. No.
	Reason
	Citation

	1
	Piper longum not used as a single drug in this study
	Bhosale S, Kapgate S. Effect of Hingu-Pippali Yoga, a herbal formulation in respiratory disorders caused by air pollution in traffic police – a pilot study. Asian J Water Environ Pollut. 2015;12(2):99–106. Available from: https://doi.org/10.3233/AJW-2015-12_2_12

	2
	Piper longum not used as a single drug in this study
	Chandra B, Subramanian IS, Wadhawan R, Pathak J, Kanchibhotla D. Ayurveda and management of COVID-19 in rural Indian population: a pilot, double-blind, randomized control trial [Preprint]. Res Sq. 2021 Dec 27 [cited 2024 Mar 13]. Available from: https://www.researchsquare.com/article/rs-1170123/v1

	3
	Piper longum not used as a single drug in this study
	Das SK, Dash DP, Panda PK, Sadana S, Ravi Kumar MR, Hari KV, et al. The efficacy of a plant-based formulation in the symptomatic management of mild COVID-19 cases: a double-blind, randomized controlled trial. Arch Clin Med Case Rep [Internet]. 2023 [cited 2025 Jun 27];7(1)

	4
	Piper longum not used as a single drug in this study
	Gharpure M. Clinical and non-clinical exploration of Thinqure20 (a herbal composition) in treatment and prophylaxis of novel coronavirus and in other pathogens [Preprint]. Res Sq. 2022 May 2 [cited 2024 Mar 11]. Available from: https://www.researchsquare.com/article/rs-1584004/v1

	5
	Not an RCT or NRCT
	Janagond BP. Clinical study to evaluate Naimittika Rasayana effect of Pippali in Kaphaja Kasa (recurrent wet cough) in children aged 3–7 years [Master’s dissertation]. Bengaluru: Rajiv Gandhi University of Health Sciences; 2018. Available from: ProQuest Dissertations & Theses Global.

	6
	NRCT but insufficient data
	Khirodkar SR, Wankhede AU, Gadhe S. A comparative study of Pippali churna and Bibhitaka churna on Kasa in children. Ayurline Int J Res Indian Med. 2018 [cited 2024 Apr 19]. Available from: https://www.ayurline.in/index.php/ayurline/article/view/143

	7
	Piper longum not used as a single drug in this study
	Kamath S. A randomized comparative clinical study evaluating the therapeutic effect of Pippalyadi Kwatha and Paushkaradi Kwatha in Kaphaja Kasa (chronic bronchitis) [dissertation on the internet]. 2018 [cited 2025 Jun 23]. Available from: https://www.researchgate.net/publication/334689160

	8
	Piper longum not used as a single drug in this study
	Kataria S, Sharma P, Ram JP, Deswal V, Singh M, Rana R, et al. A pilot clinical study of an add-on Ayurvedic formulation containing Tinospora cordifolia and Piper longum in mild to moderate COVID-19. J Ayurveda Integr Med. 2022;13(2). Available from: https://pubmed.ncbi.nlm.nih.gov/34127896/

	9
	Piper longum not used as a single drug in this study
	Maragalawaththa MGSK, Ediriweera ERHSS, Chandimarathne P. A clinical trial of Sri Lankan traditional decoction of Pitawakka Navaya in the treatment of Kaphaja Shirsha Shoola. Ayu. 2010;31(3):268. Available from: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3221057/

	10
	Not an RCT or NRCT
	Pundalik BJ, Kulkarni R, L SC. Effect of Pippali (Piper longum) churna in Kaphaja Kasa (recurrent wet cough) in children aged 2–7 years. Int J AYUSH. 2020;9(4):96–102. Available from: https://internationaljournal.org.in/journal/index.php/ijayush/article/view/333

	11
	Piper longum not used as a single drug in this study
	Sugunan R, D’souza Z. A comparative clinical study to evaluate the efficacy of Lavangadi gutika and Pippalyadi gutika in Kaphaja Kasa. Int Ayurvedic Med J. 2021;9(10):2347–52.

	12
	Not an RCT or NRCT
	Shehzad M, Yaqoob A, Ishaq S, Anwar S. Preclinical and post-clinical studies on newly developed herbal cough syrup from Piper longum L. fruit. Hamdard Med. 2020;63(1).

	13
	Not an RCT or NRCT
	Tushar TS, Prasanna KB, Sharadha MK. Clinical study to evaluate effect of Pippali choorna with Madhu on Baala Kaphaja Kasa. Int Ayurvedic Med J. 2018 [cited 2024 Jul 16]. Available from: https://1library.net/document/zl99de6z-clinical-study-evaluate-effect-pippali-choorna-madhu-kaphaja.html

	14
	Piper longum not used as a single drug in this study
	Walinjkar MJ, Goyal M. A randomized comparative clinical trial to evaluate the efficacy of Chatushashti Prahari Pippali along with rehabilitation self-management after COVID-19 related illness in the management of post-COVID syndrome. AYU. 2024;45(1):43–55.
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