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Abstract. The world is currently facing a novel COVID-19 pandemic caused by SARS-CoV-2 that, as of July 12, 2020,
has caused a reported 12,322,395 cases and 556,335 deaths. To date, only two treatments, remdesivir and dexamethasone, have demonstrated clinical efﬁcacy through randomized controlled trials (RCTs) in seriously ill patients. The
search for new or repurposed drugs for treatment of COVID-19 continues. We have witnessed anecdotal use of herbal
medicines, including Artemisia spp. extracts, in low-income countries, and exaggerated claims of their efﬁcacies that are
not evidence based, with subsequent political controversy. These events highlight the urgent need for further research on
herbal compounds to evaluate efﬁcacy through RCTs, and, when efﬁcacious compounds are identiﬁed, to establish the
active ingredients, develop formulations and dosing, and deﬁne pharmacokinetics, toxicology, and safety to enable drug
development. Derivatives from the herb Artemisia annua have been used as traditional medicine over centuries for the
treatment of fevers, malaria, and respiratory tract infections. We review the bioactive compounds, pharmacological and
immunological effects, and traditional uses for Artemisia spp. derivatives, and discuss the challenges and controversies
surrounding current efforts and the scientiﬁc road map to advance them to prevent or treat COVID-19.

third in seriously ill patients requiring respiratory support.3 Of
note, dexamethasone was previously shown to be effective in
the treatment of ARDS.4 Among other drugs initially considered
of promise, trials of chloroquine or hydroxycholoroquine plus
lopinavir/ritonavir with or without azithromycin have shown no
reduction in mortality in hospitalized patients.5
Despite limited success in ﬁnding effective treatments
7 months after the ﬁrst appearance of SARS-CoV-2 as a new
human pathogen, the desperate quest for new and repurposed drugs to reduce the morbidity and mortality of COVID19 continues. The anecdotal use of Artemisia spp. extracts for
COVID-19 treatment in low-income countries has led to exaggerated and unproven claims of its efﬁcacy in the absence
of a scientiﬁc basis or results from clinical trials. This highlights
the urgent need for further research on herbal compounds to
evaluate efﬁcacy through controlled trials, and for efﬁcacious
compounds, to establish the active ingredients, develop formulations and dosing, and deﬁne pharmacokinetics, toxicology,
and safety to enable drug development. We discuss the bioactive
compounds, pharmacological and immunological effects, and
traditional uses for Artemisia spp. derivatives, and discuss the
challenges and controversies surrounding current efforts to advance them for potential use to prevent or treat COVID-19.

INTRODUCTION
The unprecedented COVID-19 pandemic caused by the
novel zoonotic pathogen of humans, SARS-CoV-2, has, as of
July 12, 2020, caused 556,335 deaths of 12,322,395 conﬁrmed cases reported by the WHO.1 Although COVID-19
commonly presents as a severe respiratory tract illness, it
causes multisystem disease, and deaths have been attributed
to cytokine storm, acute respiratory distress syndrome (ARDS),
and excessive aberrant immunological responses. Of several
recent and ongoing treatment intervention trials, only two randomized controlled trials have to date demonstrated beneﬁts of
speciﬁc therapies. One study indicated that hospitalized
COVID-19 patients who received remdesivir had a 31% faster
time to recovery than those who received placebo.2 Another
trial reported that dexamethasone reduced mortality by one-
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PLANT-DERIVED MEDICINAL PRODUCTS FOR COVID19 MANAGEMENT?
Traditional herb- and plant-derived medicinal products are
being used and trialed for the treatment of COVID-19 in China.6,7
Among many, derivatives from the herb Artemisia annua (Figure 1)
have been used as traditional medicine over centuries for the
treatment of fevers, malaria, and respiratory tract infections.8 The
“sweet wormwood” plant contains artemisinin (Figure 2), a medicine developed during the cultural revolution in China. The 2015
Nobel Prize in Physiology or Medicine was awarded to Professor
Youyou Tu for her key contributions to its discovery.9 The WHO
recommends artemisinin-based combination therapies (ACTs) as
ﬁrst-line treatments for uncomplicated Plasmodium falciparum
malaria.10 Results of a small clinical study from China of artesunate, a hemi-synthetic derivative of artemisinin (Figure 2), for the
treatment of COVID-19 reported that artesunate was associated
with shorter duration of COVID-19 symptoms (3.3 ± 1.9 versus
4.8 ±2.2 days) and hospital stays (16.6 ±3.7 versus 18.0 ±4.0) than
standard of care.8 Table 1 shows the concentrations of artemisinin
and artesunate that can be achieved in the plasma of patients
receiving conventional doses of these drugs, and the concentrations needed to inhibit the replication of other viruses or the inﬂammatory response in vitro. These data suggest that artesunate
may offer both antiviral and anti-inﬂammatory effects at clinically
achievable concentrations.8,11,12
In April 2020, an herbal tonic derived from A. annua extracts
by the Madagascar Institute of Applied Research and branded
“COVID-Organics” was launched. COVID-Organics has been
promoted as a cure for COVID-19. However, reliable pharmacological and efﬁcacy data are lacking, and there is concern that its widespread use for COVID-19 could result in
reduced access to effective medicines as well as possible

FIGURE 2. 2D and 3D chemical structures of artemisinin and artesunate. In the 3D structure, carbon atoms appear as gray balls, hydrogen atoms as white balls, and oxygen atoms as red balls.

selection of P. falciparum resistance to ACTs by exposing
patients to suboptimal concentrations of artemisinin when
malaria cases are misdiagnosed as COVID-19. Of note, the
content of artemisinin in A. annua is about 1%, which means
that 50 g of plant material is needed to obtain the equivalent of
a 500-mg therapeutic dose of artemisinin, if considering a
100% extraction.13 Furthermore, the typical concentration of
artemisinin in infusions is around 50 mg/L; 10 L must be
ingested to absorb the antimalarial therapeutic dose, which is
not feasible. Therefore, to avoid the promotion of unproven
remedies in this climate of uncertainty and fear, it is important
that research into traditional medicinal plants and their derivatives be conducted properly.
ARTEMISIA ANNUA AND BIOACTIVE COMPOUNDS

FIGURE 1. Artemisia annua.

Artemisia annua is an annual herbaceous plant of the
Asteraceae family native to Asia and Eastern Europe
(Figure 1).14 As A. annua is the source for leading WHOapproved antimalarials, seed varieties have been adapted by
breeding for lower latitudes, and cultivation has been successfully achieved in many tropical countries.15 Artemisia
annua is a source of many biologically active compounds,16,17
with more than 220 compounds isolated and identiﬁed,18 including at least 28 monoterpenes, 30 sesquiterpenes, 12 triterpenoids and steroids, 36 ﬂavonoids, seven coumarins, and
four aromatic and nine aliphatic compounds.15 It naturally
produces and stores artemisinin in the glandular trichomes
on its leaves, stems, and ﬂowers. 19 Sesquiterpenes, caryophyllene oxide, caryophyllene, farnesene, and germacrene
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TABLE 1
Comparison of in vivo concentrations with in vitro active concentrations for artemisinin and artesunate8–10
Compound

Human doses

Artemisinin

500 mg/day (po)

Artesunate

1–8 mg/kg/day (iv)

Human plasma concentrations (μg/L)

In vitro antiviral effects (IC50)

In vitro anti-inﬂammatory effects

390–582

Flaviviruses
18.5 μM (5,217 μg/L)
Herpesviruses
4–7 μM (1,536–2,688 μg/L)
HBV
10 μM (3,840 μg/L)

10–100 μM (2,820–28,200 μg/L)

1,320–10,560

1–30 μM (384–11,520 μg/L)

IC50, 50% maximal inhibitory concentration, a measure which indicates how much a drug is needed to inhibit, in vitro, a given biological process by 50%.

D are the most abundant chemicals identiﬁed in the essential
oil of the fruits.20 Artemisinin is a sesquiterpene lactone,
containing an unusual endoperoxide group (Figure 2) which is
believed to be responsible for its antimalarial activity.
ARTEMISIA SPP. PRODUCTS-ANTI-INFLAMMATORY AND
IMMUNOMODULATORY EFFECTS AND COVID-19
TREATMENT POTENTIAL
Artemisia annua extracts are said to contain antiinﬂammatory, antioxidant, and antimicrobial substances,
and to show antiviral activity.21–23 The ﬂavonoids casticin
and chrysosplenol D, extracted from A. annua, suppressed
the expression of inﬂammatory mediators through the regulation of NF-κB and c-JUN in a murine macrophage cell line,
suggesting that these components might be useful in the
treatment of inﬂammatory and infectious disorders.24 The
water-soluble fraction of A. annua, after the extraction of
artemisinin, was shown to regulate the expression of proinﬂammatory cytokines, matrix metalloproteinases, and NFκB; promote cell cycle arrest; drive reactive oxygen species
production; and induce Bak or Bax-dependent or independent
apoptosis.8 Artemisia annua extracts signiﬁcantly inhibited
cytopathy caused by SARS-CoV strain BJ00125 and showed
activity against SARS-CoV-2 in Vero-E6 cell-based cytopathic effect screening.26
ANECDOTAL USE OF A. ANNUA PRODUCTS FOR
COVID-19 TREATMENT
Since the beginning of the COVID-19 pandemic, formulations of A. annua have been used in Africa and China for
COVID-19 prevention and treatment. In the DRC, herbal formulations have been used for the prevention and treatment of
COVID-19 by fumigation, infusion, or decoction.27 It is important to emphasize that there are no controlled data supporting the use of any of these, and their efﬁcacy for COVID-19
is unknown. Arguably, natural product research is only relevant to the development of new drugs as a ﬁrst step to identifying speciﬁc molecules with activity. Teas cannot function
as drugs meeting international standards, as their components are unknown and not standardized.28 Advancing traditional medicines will require identiﬁcation of active components
of plant extracts, methods to yield puriﬁed compounds, and
determination of compound pharmacology including studies
of biological activity, bioavailability, absorption, distribution,
metabolism, excretion, and toxicity properties of each molecule.28 For evaluation of the antiviral effects of herbal formulations, the screening system should meet all requirements of
any good assay, including validity, lack of ambiguity, accuracy, reproducibility, simplicity, and reasonable cost. Because

these requirements are better met by in vitro screening, in vitro
bioassays must be used to guide the isolation of active compounds from plant extracts. The antiviral activities of the pure
compounds must then be conﬁrmed at a later stage by in vivo
assays in appropriate animal models.23
ROAD MAP FOR ARTEMISIA SPP. DERIVATIVES AS A
POTENTIAL THERAPEUTIC FOR COVID-19
The WHO acknowledges that the quantity and quality of
safety and efﬁcacy data on traditional medicines are far from
sufﬁcient to meet the criteria needed to support their use. The
reasons for the lack of research data include inadequate
healthcare policies and a lack of accepted research methodology for evaluating traditional medicines.8,26,29 At a time
when countries are consumed by their own national interests
and agendas, the world is looking to natural products to provide readily available, affordable treatments. A cure or treatment for COVID-19 derived from locally grown herbs and
plants remains a viable option for some countries and communities. However, to develop drugs rather than crude preparations of herbs and plants, the speciﬁc pharmacologically
active components need to be isolated, veriﬁed through
proper pharmacological evaluation, and then possibly optimized through modern (hemi) synthesis strategies before
being developed according to rigorous international guidelines for drug development. However, repurposing of available
plant-based drugs, for example, artesunate, offers a potential time- and cost-saving approach. Indeed, investigators
from Saudi Arabia have registered a placebo-controlled trial
(www.ClinicalTrials.gov Identiﬁer: NCT04387240) to evaluate the
efﬁcacy of artesunate in adults with mild symptoms of COVID-19.
CONCLUSION
As the world desperately searches for new treatments to reduce rates of severe morbidity and mortality from COVID-19, the
promotion of new drug discovery building on extracts from traditional medicinal plants should be encouraged. The anecdotal
and unproven use of A. Annua for COVID-19 following claims
from politicians and others in low-income countries highlights the
need for hard data to establish the active ingredients; develop
formulations and dosing; deﬁne the pharmacokinetics, toxicology, and safety; and evaluate efﬁcacy through controlled trials.
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Unit of Sickle Cell Disease and Clinical Research, Monkole Hospital
Center, Kinshasa, Democratic Republic of Congo, Centre Hospitalier
Monkole, Centre de Formation et d’Appui Sanitaire (CEFA), Kinshasa,
Democratic Republic of Congo, and Department of Pediatrics, Ofﬁcial
University of Mbuji-Mayi (OUM), Mbuji-Mayi, Democratic Republic of
Congo, E-mail: leon.tshilolo2012@gmail.com. Jean-Jacques
Muyembe TamFum, Department of Virology, National Institute of
Bio-Medical Research (INRB), Kinshasa, Democratic Republic of
Congo, and Department of Medical Microbiology and Virology, Faculty of Medicine, University of Kinshasa, Kinshasa, Democratic Republic of Congo, E-mail: jjmuyembet@gmail.com. Alimuddin Zumla,
Division of Infection and Immunity, Department of Infection, University
College London, London, United Kingdom, E-mail: a.zumla@
ucl.ac.uk. Jean B. Nachega, International Health and Program in
Global Disease Epidemiology and Control, Johns Hopkins Bloomberg
School of Public Health, Baltimore, MD, and Department of Epidemiology, University of Pittsburgh Graduate School of Public Health,
Pittsburgh, PA, E-mail: jbn16@pitt.edu.

This is an open-access article distributed under the terms of the
Creative Commons Attribution (CC-BY) License, which permits unrestricted use, distribution, and reproduction in any medium, provided
the original author and source are credited.

REFERENCES
1. World Health Organization, 2020. Coronavirus Disease (COVID-19)
Situation Report 166. Geneva, Switzerland: WHO. Available at:
https://www.who.int/docs/default-source/coronaviruse/situationreports/20200704-covid-19-sitrep-166.pdf?sfvrsn=6247972_
2. Accessed July 5, 2020.
2. NIH, 2020. NIH Clinical Trial Shows Remdesivir Accelerates Recovery
from Advanced COVID-19. Press Release. Available at: https://
www.nih.gov/news-events/news-releases/nih-clinical-trialshows-remdesivir-accelerates-recovery-advanced-covid-19.
3. Horby P, Landrain M, 2020. Low-Cost Dexamethasone Reduces
Death by up to One Third in Hospitalised Patients with Severe
Respiratory Complications of COVID-19. RECOVERY Trial
Press Release. Available at: https://www.ox.ac.uk/news/202006-16-low-cost-dexamethasone-reduces-death-one-thirdhospitalised-patients-severe. Accessed July 5, 2020.
4. Villar J et al., 2020. Dexamethasone treatment for the acute respiratory distress syndrome: a multicentre, randomised controlled trial. Lancet Respir Med 8: 267–276.
5. Horby P, Landray M, 2020. No Clinical Beneﬁt from Use of
Hydroxychloroquine in Hospitalised Patients with COVID-19.
Press Release. Available at: https://www.recoverytrial.
net/news/statement-from-the-chief-investigators-of-therandomised-evaluation-of-covid-19-therapy-recovery-trialon-hydroxychloroquine-5-june-2020-no-clinical-beneﬁtfrom-use-of-hydroxychloroquine-in-hospitalised-patients-withcovid-19. Accessed July 5, 2020.
6. Liu C, 2020. Pay attention to situation of SARS-CoV-2 and TCM
advantages in treatment of novel coronavirus infection. Chin
Herb Med 12: 97–103.
7. Ren JL, Zhang AH, Wang XJ, 2020. Traditional Chinese medicine
for COVID-19 treatment. Pharmacol Res 155: 104743.
8. Cheong DHJ, Tan DWS, Wong FWS, Tran T, 2020. Anti-malarial
drug, artemisinin and its derivatives for the treatment of respiratory diseases. Pharmacol Res 158: 104901.
9. Bhatt S et al., 2015. The effect of malaria control on Plasmodium
falciparum in Africa between 2000 and 2015. Nature 526:
207–211.
10. World Health Organization, 2015. Guidelines for the Treatment of
Malaria, 3rd edition. Geneva, Switzerland: WHO. Available at:
https://www.who.int/malaria/publications/atoz/9789241549127/
en/. Accessed July 16, 2020.
11. Efferth T, Romero MR, Wolf DG, Stamminger T, Marin JJG,
Marschall M, 2008. The antiviral activities of artemisinin and
artesunate. Clin Infect Dis 47: 804–811.
12. Wang X et al., 2020. Artemisinin inhibits the replication of ﬂaviviruses by promoting the type I interferon production. Antivir Res
179: 104810.
13. Van Der Kooy F, Verpoorte R, 2011. The content of artemisinin in
the Artemisia annua tea infusion. Planta Med 77: 1754–1756.
14. Willcox M et al., 2004. Artemisia annua as a traditional herbal
antimalarial. Willcox M, Bodeker G, Rasaoanaivo P, eds. Traditional Medicinal Plants and Malaria. Cleveland, OH: CRC
Press, 43–60.
15. Ferreira JFS, Luthria DL, Sasaki T, Heyerick A, 2010. Flavonoids
from Artemisia annua L. As antioxidants and their potential
synergism with artemisinin against malaria and cancer. Molecules 15: 3135–3170.
16. Bhakuni RS, Jain DC, Sharma RP, Kumar S, 2001. Secondary
metabolites of Artemisia annua and their biological activity. Curr
Sci 80: 35–48.
17. Wagner H, Bauer R, Melchart D, 2016. Chromatographic Fingerprint Analysis of Herbal Medicines, Vol. 4. Cham, Heidelberg,
New York, Dordrecht, and London: Springer, 247.
18. Zeyuan L, 2018. Artemisinin chemical research. Guoqiao L, Ying L,
Zelin L, Meiyi Z, eds. Artemisinin-Based and Other Antimalarials.
Amsterdam: Elsevier, 129–175.

964

KAPEPULA, MUYEMBE-TAMFUM, ZUMLA, NACHEGA, AND OTHERS

19. Desrosiers MR, Mittelman A, Weathers PJ, 2020. Dried leaf Artemisia annua improves bioavailability of artemisinin via cytochrome P450 inhibition and enhances artemisinin efﬁcacy
downstream. Biomolecules 10: 254.
20. Bilia AR, Santomauro F, Sacco C, Bergonzi MC, Donato R, 2014.
Essential oil of Artemisia annua L.: an extraordinary component
with numerous antimicrobial properties. Evid Based Complement Alternat Med 2014: 159819.
21. Kim WS, Choi WJ, Lee S, Kim WJ, Lee DC, Sohn UD, Shin HS, Kim
W, 2015. Anti-inﬂammatory, antioxidant and antimicrobial effects of artemisinin extracts from Artemisia annua L. Korean J
Physiol Pharmacol 19: 21–27.
22. Mukherjee P, 2019. Antiviral evaluation of herbal drugs. Quality
Control and Evaluation of Herbal Drugs. Amsterdam: Elsevier,
599–628.
23. Abid Ali Khan MM, Jain DC, Bhakuni RS, Zaim M, Thakur RS,
1991. Occurrence of some antiviral sterols in Artemisia annua.
Plant Sci 75: 161–165.

24. Li YJ et al., 2015. Flavonoids casticin and chrysosplenol D from
Artemisia annua L. inhibit inﬂammation in vitro and in vivo.
Toxicol Appl Pharmacol 286: 151–158.
25. Li SY et al., 2005. Identiﬁcation of natural compounds with antiviral activities against SARS-associated coronavirus. Antivir
Res 67: 18–23.
26. Suryanarayana L, Banavath D, 2020. A review on identiﬁcation of
antiviral potential medicinal plant compounds against with
COVID-19. Int J Res Eng Sci Manag 3: 675–679.
27. Kanyinda JNM, 2020. Coronavirus (COVID-19): a protocol for prevention and treatment (Covalyse®). Eur J Med Heal Sci 2: 1–4.
28. Van Der Kooy F, Sullivan SE, 2013. The complexity of medicinal
plants: the traditional Artemisia annua formulation, current
status and future perspectives. J Ethnopharmacol 150: 1–13.
29. World Health Organization Africa, 2020. WHO Supports
Scientiﬁcally-Proven Traditional Medicine. Geneva, Switzerland: WHO. Available at: https://www.afro.who.int/news/whosupports-scientiﬁcally-proven-traditional-medicine. Accessed
July 5, 2020.

