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1. The Extent of Emetine Use

Emetine was a drug used widely. Based on the severity and prevalence of amoebiasis, as well as limited
export data, the number of patients treated with emetine between 1912 and the 1970s would be in range of

the 10s to 100s of millions of people.

In 1997 the World Health Organisation (WHO) estimated that there were approximately 48 million people
with symptomatic amoebiasis, such as amoebic dysentery, from Entamoeba Histolytica [1]. In the pre-antibiotic
era, approximately 1 case of amoebic liver abscess was found for every 10 cases of amoebic dysentery [2].
Amoebic liver-abscess was a relentlessly progressive and almost invariably fatal disease little more than a
century ago [3]. Emetine during the first half of the 20t century was one of the only well tolerated treatments
for amoebic liver abscesses, and had a survival rate of approximately 90% [4,5]. In the late 1940s chloroquine
begun to be used for the treatment of liver abscesses; however, the cure rate appeared lower and the relapse
rate was higher than with emetine [5]. Later recommendations suggested the combination of chloroquine
and emetine [6,7]. More choices were available for the treatment of amoebic dysentery; however, emetine

was still used widely [8].

Brazil, based on emetine export figures, reached an average annual, potentially peak, output of about 600
kilograms in the 3-year period of 1944 through to 1946 [9]. Assuming a treatment course of 60 mg dose for 7
days, this would equate to approximately 5.7 million courses of emetine given during that time period. The
total use in the USA up to this time was estimated to not exceed 30 kg annually [9]. Assuming a conservative
10 kg annual consumption in America between 1920 and 1943 this would equate to more than 500,000

treatment courses in the USA alone over this period.

However, these numbers are low in relation to the likely use of emetine in India. Between 1945 and 1960 it
was estimated that between 10-40% of the Indian population suffered from chronic amoebiasis [10].
Grossman 1969, found 57% of approximately 30,000 American Peace Corps volunteers had clinical
amoebiasis at least once during their two years in India [11]. If it is assumed that the 1921 population in India
remained stable at 319 million [12] for 40 years and only 1% of the lower 10% incidence of amoebiasis (0.1%
of the population) were treated, this equates to approximately 13 million courses over 40 years. These figures

are likely to be a significant underestimation of the true use of emetine in India.

2. Emetine dose estimation for SARS-Cov2

There is a lack of pharmacokinetic data for emetine in humans. To calculate an antiviral dose we have
assumed that the concentration of emetine achieved in the liver reaches a conservative minimum inhibitory

concentration MIC of 25 uM at an amoebiasis dose of 1 mg/kg up to 60 mg for up to 10 days [13].



A conservative reference MIC value 25 uM was chosen as emetine alone does not result in a cure of amoebic
liver abscesses in 10% of patients [5]. A reference MIC of 25 pM is in the lower quartile MIC range reported
by Pedrazzoli et al 1971 [14], and is approximately half the concentration, 48 uM, where Burchard and
Mirelman 1988 [15] found live Entamoeba Histolytica. The 25 pM is just over double the ECso of 11.8 uM found
by Burchard and Mirelman whereas Bansal demonstrated only an ~85% inhibition at ~4 times the ECso. The
ECso value (26.8 uM) by Bansal et al for the reference strain HM1:IMSS was not used as the same strain tested
by Burchard and Mirelman 1988 [15], using almost identical cell counting and culturing methods, had an

ECso of less than half (12.6 uM; 6.5 ug/ml).

Using a conservative MIC of 25 uM, other tissue concentrations can be extrapolated based on radiolabeled
emetine studies in animals. Table 1 shows the likely tissue concentrations that would be achieved in a
human receiving a course of emetine parenterally. While the figures in this table are based on that found in a
guinea pig they would be unlikely to be practically different to those found in humans. These results were
broadly consistent with a different emetine radiolabeled study in mice and the differences seen were
consistent with what would be expected from the different route of administration [16,17]. While the results
of spectrophotometric studies are also broadly consistent [18,19] more weight was placed on radiolabeled
emetine data [20]. It should be noted that as emetine does not accumulate in the CNS, emetine alone is
unlikely to be useful in a CNS infection. From animal models emetine does appear to delay / reduce viral

entry and load in the brain [21].

Table 1: Radioactivity expressed as emetine concentrations (ug/g fresh tissue homogenate) in various organs
of the guinea pig after 8 daily injections of 1.87 mg of “C-labeleddrug base per kg. Adapted from [20].
Proportion and theoretical emetine concentrations found in various tissues are then extrapolated based on

an MIC of 25 uM in the liver.

) . Theoretical
Radioactive .. R
. R Proportion in tissue
Tissue Emetine . .
( g/g) each tissue concentration
H (M)
a) Lungs* 70.26 31.99% 58.82
b) Spleen 57.42 26.14% 48.07
c) Liver 29.86 13.59% 25.00
d) Kidney 39.61 18.03% 33.16
e) Heart 4.99 2.27% 4.18
f) Fat 1.14 0.52% 0.95
g) Adrenals 15.54 7.07% 13.01
h) Muscle 0.66 0.30% 0.55
i) Brain 0.18 0.08% 0.15

*a)-e) = mean of 3 animals; f)—j) = one animal; - not done [20].
Likely doses required to treat SarsCoV2

Three separate studies have confirmed the ECso of SARS-CoV2 is approximately 0.5 uM (see Table 2), from

Table 2 it can be seen that the concentration of emetine to have the maximum viral inhibition (ECoo-100) is



between 2-5 uM. To be conservative, calculations will be based on 5 uM. On this basis, comparing the MIC of
Entamoeba Histolytica with the ECoo100 the SARS-CoV2 coronaviruses, we can calculate that approximately
one-fifth (5 uM/25 uM) of the normal emetine dose would be all that is required to treat SARS-CoV2.
Additionally, from Table 2 it can be seen that the concentration of emetine in the lungs is over twice the
concentration in the liver. Therefore, potentially one-tenth (~6 mg) of the Entamoeba Histolytica dose could be
used to treat a SARS-CoV2 infection. At one-tenth of the Entamoeba Histolytica treatment dose this would

show a dramatic reduction in side effects, such as the incidence of ECG changes and nausea.

Table 2: ECso values for emetine against the SARS-CoV2 virus from various studies. The study by Weston et
al 2020 [22] was excluded as the dose response curve was abnormal (the drug became less effective at

increasing concentrations) and not consistent with other antiviral studies with emetine.

Study ECso (}}M) Max. % Inhibition (Emetine SARS-CoV?2 Strain
Emetine conc., uM)*
BetaCoV/Hong Kong/VM20001061/2020,
Choy et al 0.46 ~100% (<2) isolated from nas'opharyn'x aspirate &
2020 [23] throat swab of the first confirmed COVID-
19 patient in Hong Kong
Boikova ef al Isolated from samples of travellers
J 0.47 ~100% (2-5) returning from Wuhan (China) to
2020 [24]
Frankfurt (Germany)
Ellineer ef al Isolated from samples of travellers
& 0.52 ~70-75%** (~2) returning from Wuhan (China) to
2020 [25]
Frankfurt (Germany)

* Max % Inhibition (Emetine conc., pM) refers to the maximum % inhibition with emetine and the
approximate lowest concentration this was achieved with, values were extracted from log graphs. **there are
overlapping authors in Bojkova et al 2020 and Ellinger et al 2020. It is unknown if both studies used the same
isolate of SARS-CoV2.
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