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Dear editor,

A scheme for treating COVID-19 was
published in NSR in April [1] based on
blocking the translation of very large vi-
ral proteins. Since then, additional sup-
porting data have greatly strengthened
the proposal. The drug, HHT (homo-
harringtonine, or omacetaxine), is read-
ily available and inexpensive as it has
been approved since 2012 for treating
leukemia. The in vitro and in vivo data
clearly justify the planning of clinical tri-
als. Given the specificmechanism, we be-
lieve a trial of modest scale would be
sufficient to prove, or disprove, the effi-
cacy of the treatment scheme. Such trials,
however, are only feasible in regions with
many new infections.

This letter, commenting on Wu and
Wen [1], has an expanded authorship
that includes physicians with first-hand
experience in treating COVID-19 pa-
tients and virologists with recent publica-
tions on SARS-CoV-2. We wish to bring
this proposal to the attentionof the global
community as there are few new cases in
China for such trials.

THE ORIGINAL PROPOSAL
On 15 April 2020, we published a pro-
posal [1] in NSR on a potential treat-
ment of COVID-19. The proposal is
based on the heightened activities of pro-
tein translation in two types of aber-
rant mammalian cells—cancer cells and

virus-infected cells. The FDA approved
drug, HHT, has been known to disrupt
the elongation step of protein translation
with very high efficiency [2–4].HHT, ap-
proved for treating leukemia since 2012
[5], is probably the most powerful drug
known to block protein translation.

There are several advantages to HHT
over other drugs that block protein trans-
lation [6,7]. The details can be found in
Wu and Wen [1] and a brief summary
is provided below. (i) The making of
a ‘super-protein’ that will then yield
16 non-structural proteins by protease
cleavage could be the Achilles heel of the
coronaviruses including SARS-CoV-2.
Since very few human proteins can rival
this super-protein in size, it should be
possible to preferentially disrupt the
translation of viral proteins with minimal
damage to the un-infected human cells.
(ii) Because HHT has been approved for
clinical use since 2012, the safe dosage
and toxicity effect are well understood.
(iii) The HHT dose required for sup-
pressing virus proliferation is in the range
of nano-molar concentrationwhereas the
toxicity to human cells requires a concen-
tration that is at least 30 times higher. (iv)
This low dose may permit several conve-
nientmeans of drug delivery (see below).

Until very recently, glucocorticoids
were the only intervention that reduced
COVID-19-related death compared with
the standard care. Three other drugs
with modest efficacy are currently in
use: hydroxychloroquine, remdesivir and

lopinavir-ritonavir [8], in addition to the
many published schemes [9–16]. Given
its well-known efficacy and safety, HHT
deserves to enter clinical trials, alongwith
other drugs announced to have the po-
tential to block viral protein translation
[17].

THE NEW EVIDENCE—IN VITRO
AND IN VIVO EXPERIMENTS
Although therewas a sense of urgency for
new treatment proposals, it was also ap-
parent that theHHT schemewould need
additional supports, which are provided
here.

In vitro efficacy
The original proposal cited the efficacy
of HHT on coronaviruses in general. We
now provide new data on SARS-CoV-2.
The IC50 is between <100–350 nM
depending on the conditions of the
experiments and the lot of HHT used
(Fig. 1A–C). It is also clear that, at 1μM,
the killing of the viruses is complete. As a
comparison, remdesivir needs >20 μM
to achieve a similar effect (Fig. 1D).
Hence, the efficacy of HHT in clearing
SARS-CoV-2 is in line with its efficacy
against other coronaviruses [18–21]. In
a recent study, Choy et al. tested 16 com-
pounds for SARS-CoV-2 inhibition and
HHT stands out as well [22]. (We notice
that the concentration needed to achieve
EC50 is oftenmuch higher in Choy et al.’s
data than in other experiments by 10–30
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Figure 1. HHT inhibition of SARS-CoV-2 replication in vitro as performed by various laboratories, in-
cluding (A) State Key Laboratory of Respiratory Disease (Guangzhou Medical University); (B) Harbin
Veterinary Research Institute; and (C) Kunming Institute of Zoology. (D) For a comparison, the in-
hibitory effect of remdesivir on SARS-CoV-2 was also assayed in Kunming Institute of Zoology. The
horizontal dashed line in (C) and (D) indicates complete inhibition against SARS-CoV-2. At 1 μM,
HHT can clear the virus whereas remdesivir would require 20–100 μM to have the same effect.

fold, although the relative efficacy among
drugs is consistent with others.)

As the half-cytotoxic concentration
(CC50) of HHT inmammalian cells usu-
ally exceeds 10 uM [18,19,21], HHT
has a selectivity index (SI=CC50/IC50)
>30. Taken together, these results con-
firm the promises of HHT in treating
COVID-19.

In vivo efficacy
In a preliminary experiment, we infected
ACE2 humanized mice with SARS-
CoV-2. This inbred mice model was
generated by integrating CRISPR-Cas9
and tetraploid complementation. The
infected mice were either untreated as
the control or treated by intraperitoneal
injection of 40 μg HHT in 100 μl nor-
mal saline. The first dose is administered
2 hours before the virus challenge. Since
HHT inhibits viral replication but does
not block virus entry, the lead time of
2 hours should be sufficient for drug

diffusion into the cells. HHT is adminis-
tered daily for 3 days.

On the thirddaypost infection (d.p.i),
mice were sacrificed and SARS-CoV-2
genomic RNA in lung tissues was mea-
sured by qRT-PCR. Among the three
untreated mice, we obtained from 15
samples (five lobes of the lung from each
mouse) the viral load of each sample,
classified as ND (non-detectable), back-
ground (<102 copies/μg total RNA)
or high load (105–108). We should note
that the infectedmice, if untreated,would
start to clear the viral load starting on the
fourth day. The distribution of viral load,
summarized as [ND, Low, High], was
[3, 6, 6] for the control. In contrast, the
distribution for the three HHT-treated
mice was [9, 6, 0]. Although the sample
size was small, HHT did repress the viral
load to the background level in all 15
samples whereas the load was high in
6 of the 15 untreated samples. Given
all the evidence, we believe that clinical
trials should be the next step as suggested
below.

PROPOSED CLINICAL TRIAL—I.
THE PRE-TREATMENT
From the standpoint of public health, the
goal is to stop the spread of the virus and
theprogressionof the infection,before the
infection is confirmed. Here, we propose
a two-step scheme aimed at the clearance
of the viral load in the early phases of
COVID infection. Late phases of infec-
tion with severe organ damage are not
the target stages. For individuals who are
not yet confirmed for infection but have
reason to suspect the possibility (such
as close contact with positive cases), we
now recommend a pre-treatment proce-
dure as follows.

First, as shown by Wölfel et al. [23]
and He et al. [24], SARS-CoV-2 viruses
may spend the first four days, on aver-
age, in the throat and nasal passage be-
fore they enter the lower respiratory tract.
Second, the World Health Organization
guideline [25] has shown that SARS-
CoV-2 virus cannot survive formore than
30 seconds in 30% alcohol. Hence, a pre-
treatment by liquid with an alcohol con-
tent of above 30% (as inmany liquor bev-
erages), gargling 2–3 times a day each
time for 30 seconds, might be effective
in substantially arresting disease progres-
sion as well as inhibiting the spread of the
virus to others.

There have indeed been reports of al-
cohol’s efficacy in reducing the viral load
during COVID-19 [26]. If the disease
symptoms do progress, then the HHT
treatment would be the next step.

PROPOSED CLINICAL TRIAL—II.
THE HHT DELIVERY
If the pre-treatment fails to clear the
virus, an option would be the standard
delivery of HHT by intravenous injec-
tion, which lasts at least 3 hours each
day in a course of 4–6 days in treating
leukemia over several courses.

(i) Intravenous injection: the safety
level of HHT by intravenous in-
jection is well-known.
(a) In vitro dosage: Human

HEK-293T cells can survive
the 20 μM treatment for
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>3 hours or 5 μM for
>24 hours. Indeed, 5 μM is
far higher than necessary for
suppressing SARS-CoV-2.

(b) Dosage for the HHT
treatment of leukemia:
1.5 mg/m2 (∼2.5 mg/
[60 kg person] or 100
nM for adult patients) with
daily continuous intra-
venous infusion for 3–6
hours up to 28 days.

(c) It has been reported that
the maximum tolerated and
therapeutically effective
dose of HHT for treating
adult leukemia patients is
4 mg daily for 14 days [27].
The treatment duration for
COVID-19 is likely to be
much shorter.

(ii) Nebulization: an alternative de-
livery would be by nebulization,
although safety with regard to
humans has to be evaluated.
There are reasons for preferring
nebulization to intravenous in-
jection in reducing the viral load
and stopping the progression of
symptoms. With nebulization,
the drug concentration should
be higher in the lungs than
in other tissues, but probably
for no more than a few hours
after nebulization [28]. The
drug would then be distributed
through blood circulation as in
intravenous injection.

In previous reports, HHT delivered by
subcutaneous injection can only achieve
a systemic concentration of 50–60 nM
while intravenous injection may achieve
a higher concentration of 100–200 nM
[29,30].TheHHT concentration achiev-
able by intravenous injection is very close
to the in vitro IC50 at 100–300 nM, thus
leaving almost no margin for error. Fur-
thermore, nebulization can be more eas-
ily administered by the patients them-
selves than intravenous injection when
multiple applications per day are called
for. A caveat is that aerosols generated
during nebulization should be strictly
regulated to avoid viral spread.

Since the toxicity by nebulization, es-
pecially to the lungs, is not known, we

have assessed the effect of HHT neb-
ulization on two dogs, each weighing
∼6 kg. Dogs may be the only animal
model on which nebulization can be ap-
plied. The dosage was ramped up from
0.2 mg to 0.4, 0.6, 0.8 and 1 mg per
day. Each dosage was applied in two suc-
cessive days with the whole treatment
lasting 10 days. Each dog was moni-
tored by daily physical assessment, com-
plete blood count and chemistry pro-
file, as well as a chest X-ray exami-
nation every two days. No toxicolog-
ical changes related to the treatment
were observed. Since the nebulization
treatment in humans can be delivered
evenly in the course of a day, 1 mg of
HHT for humans should be well toler-
ated for several days.

Recommended parameters
If the goal is to sustain ahigher concentra-
tion of HHT in the lungs, we would rec-
ommend several episodes of nebulization
per day (see also the next section). Based
on the dosage used in treating leukemia
of a person weighing 60 kg, we suggest
1 mg per day in 15 ml saline by nebu-
lization five times a day at 4-hour inter-
vals, allowing 8 hours sleep. Each episode
would be 15 minutes to nebulize 3 ml of
solution. The total dose may be gradu-
ally ramped up to 4 mg per day if safety
permits.

The recommendation is based on our
knowledge of sustaining HHT concen-
tration in the lungs. The optimal treat-
ment cycles can only be found empir-
ically. Nevertheless, given the in vitro
and in vivo data, the scale of the clini-
cal trial can be delineated. If the scheme
works as expected, the nebulization of
HHT should show a strong reduction in
the viral load of several orders of mag-
nitude within a few days. We estimate
that a clinical trial of a modest num-
ber of patients (10–50) should be suf-
ficient to prove or disprove the efficacy
of HHT.

FINAL REMARKS
The main obstacle for the HHT clini-
cal trials in many countries is the very
lownumbers of newCOVID-19 patients.
At the same time, medical facilities else-

where may have an acute need for treat-
ing new COVID-19 patients by reducing
their viral loads. For these facilities, the
proposed scheme here may be an option
for small-scale clinical trials.
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3. Fresno M, Jiménez A and Vázquez D. Eur J
Biochem 1977; 72: 323–30.

4. Garreau de Loubresse N, Prokhorova I
and Holtkamp W et al. Nature 2014; 513:
517–22.

5. Alvandi F, Kwitkowski VE and Ko C-W et al. On-
cologist 2014; 19: 94–9.

6. Chen Y, Shen Y and Lin P et al. Natl Sci Rev 2019;
6: 1176–88.

7. Liu X, Chang X and Leng S et al. Natl Sci Rev 2018;
6: 775–85.

8. Siemieniuk RA, Bartoszko JJ and Ge L et al. BMJ
2020; 370: m2980.

9. Cao B, Wang Y and Wen D et al. N Engl J Med
2020; 382: 1787–99.

10. Goldman JD, Lye DCB and Hui DS et al. N Engl J
Med 2020; 383: 1827–37.

11. HuangM, Li M and Xiao F et al. Natl Sci Rev 2020;
7: 1428–36.

12. Hung IF-N, Lung K-C and Tso EY-K et al.
Lancet North Am Ed 2020; 395: 1695–
1704.

13. Tang W, Cao Z and Han M et al. BMJ 2020;
369: m1849.

14. Wu C-I and PooM-M.Moral imperative for imme-
diate release of 2019-nCoV sequence data. Natl
Sci Rev 2020; 7: 719–20.

15. Wu D, Shu T and Yang X et al. Natl Sci Rev 2020;
7: 1157–68.

16. Zhang B, Liu S and Tan T et al. Chest 2020; 158:
e9–13.

17. Gordon DE, Jang GM and Bouhaddou M et al.
Nature 2020; 583: 459–68.

18. Andersen PI, Krpina K and Ianevski A et al.
Viruses 2019; 11: 964.

19. Cao J, Forrest JC and Zhang X.Antiviral Res 2015;
114: 1–10.

20. Dong HJ, Wang ZH and Meng W et al. Viruses
2018; 10: 601.

21. Kaur P, Thiruchelvan M and Lee RC et al. Antimi-
crob Agents Chemother 2013; 57: 155–67.

22. Choy K-T, Wong AY-L and Kaewpreedee P et al.
Antiviral Res 2020; 178: 104786.

23. Wölfel R, Corman VM and Guggemos W et al.
Nature 2020; 581: 465–9.

24. He X, Lau EHY and Wu P et al. Nat Med 2020; 26:
672–5.

25. Kratzel A, Todt D and V’kovski P et al. Emerg Infect
Dis 2020; 26: 1592–5.

26. Sattar SA, Bosch A and Wise MP et al. Function
2020; 1: zqaa002.

27. Kantarjian HM, Talpaz M and Santini V et al. Can-
cer 2001; 92: 1591–605.

28. Lemarie E, Vecellio L and Hureaux J et al.
J Aerosol Med Pulm Drug Deliv 2011; 24:
261–70.

29. Chan Y-PM, Lee F-W and Siu T-SS. J Chromatogr
B Biomed Sci Appl 1989; 496: 155–66.

30. Nemunaitis J, Mita A and Stephenson J et al.
Cancer Chemother Pharmacol 2013; 71: 35–
41.

Page 4 of 4

mailto:wzhongyi@mail.sysu.edu.cn
http://dx.doi.org/10.1093/nsr/nwaa066
http://dx.doi.org/10.1111/j.1432-1033.1977.tb11256.x
http://dx.doi.org/10.1111/j.1432-1033.1977.tb11256.x
http://dx.doi.org/10.1038/nature13737
http://dx.doi.org/10.1634/theoncologist.2013-0077
http://dx.doi.org/10.1634/theoncologist.2013-0077
http://dx.doi.org/10.1093/nsr/nwz076
http://dx.doi.org/10.1093/nsr/nwy162
http://dx.doi.org/10.1136/bmj.m2980
http://dx.doi.org/10.1056/NEJMoa2001282
http://dx.doi.org/10.1056/NEJMoa2015301
http://dx.doi.org/10.1056/NEJMoa2015301
http://dx.doi.org/10.1101/2020.04.26.20081059
http://dx.doi.org/10.1016/S0140-6736(20)31042-4
http://dx.doi.org/10.1136/bmj.m1849
http://dx.doi.org/10.1093/nsr/nwaa030
http://dx.doi.org/10.1093/nsr/nwaa030
http://dx.doi.org/10.1093/nsr/nwaa086
http://dx.doi.org/10.1016/j.chest.2020.03.039
http://dx.doi.org/10.1038/s41586-020-2286-9
http://dx.doi.org/10.3390/v11100964
http://dx.doi.org/10.1016/j.antiviral.2014.11.010
http://dx.doi.org/10.3390/v10110601
http://dx.doi.org/10.1128/AAC.01467-12
http://dx.doi.org/10.1128/AAC.01467-12
http://dx.doi.org/10.1038/s41586-020-2196-x
http://dx.doi.org/10.1038/s41591-020-0869-5
http://dx.doi.org/10.1101/2020.03.10.986711
http://dx.doi.org/10.1101/2020.03.10.986711
http://dx.doi.org/10.1002/1097-0142(20010915)92:6protect $
elax <$1591::aid-cncr1485protect $
elax >$3.0.co;2-u.
http://dx.doi.org/10.1002/1097-0142(20010915)92:6protect $
elax <$1591::aid-cncr1485protect $
elax >$3.0.co;2-u.
http://dx.doi.org/10.1089/jamp.2010.0872
http://dx.doi.org/10.1016/S0378-4347(00)82562-1
http://dx.doi.org/10.1016/S0378-4347(00)82562-1
http://dx.doi.org/10.1007/s00280-012-1963-2

