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A B S T R A C T

Background: Epidemic outbreaks caused by SARS-CoV-2 are worsening around the world, and there are no
target drugs to treat COVID-19. IFN-k inhibits the replication of SARS-CoV-2; and TFF2 is a small secreted
polypeptide that promotes the repair of mucosal injury and reduces the inflammatory responses. We used
the synergistic effect of both proteins to treat COVID-19.
Methods: We conducted an open-label, randomized, clinical trial involving patients with moderate
COVID-19. Patients were assigned in a 1:1 ratio to receive either aerosol inhalation treatment with
IFN-k and TFF2 every 24 h for six consecutive dosages in addition to standard care (experimental
group) or standard care alone (control group). The primary endpoint was the time until a viral RNA
negative conversion for SARS-CoV-2 in all clinical samples. The secondary clinical endpoint was the
time of CT imaging improvement. Data analysis was performed per protocol. This study was registered
with chictr.org.cn, ChiCTR2000030262.
Findings: Between March 23 and May 23 of 2020, 86 COVID-19 patients with symptoms of moderate ill-
ness were recruited, and 6 patients were excluded due to not matching the inclusion criteria (patients
with pneumonia through chest radiography). Among the remaining 80 patients, 40 patients were
assigned to experimental group, and the others were assigned to control group to only receive stan-
dard care. Efficacy and safety were evaluated for both groups. The time of viral RNA negative conver-
sion in experimental group (Mean, 3¢80 days, 95% CI 2¢07�5¢53), was significantly shorter than that in
control group (7¢40 days, 95% CI 4¢57 to 10¢23) (p = 0.031), and difference between means was
3¢60 days. The percentage of patients in experimental group with reversion to negative viral RNA was
significantly increased compared with control group on all sampling days (every day during the 12-
day observation period) (p = 0¢037). For the secondary endpoint, the experimental group had a signifi-
cantly shorter time until improvement was seen by CT (Mean 6¢21 days, N = 38/40, 95% CI 5¢11�7¢31)
than that in control group (8¢76 days, N = 34/40, 95% CI 7¢57�9¢96) (p = 0.002), and difference between
means was 2¢55 days. No discomfort or complications during aerosol inhalation were reported to the
nurses by any experimental patients.
Interpretation: In conclusion, we found that aerosol inhalation of IFN-k plus TFF2 in combination with stan-
dard care is safe and superior to standard care alone in shortening the time up to viral RNA negative conver-
sion in all clinical samples. In addition, the patients in experimental group had a significantly shortened CT
imaging improvement time than those in control group. This study suggested that this combination treat-
ment is able to facilitate clinical improvement (negative for virus, improvement by CT, reduced hospitaliza-
tion stay) and thereby result in an early release from the hospital. These data support the need for
exploration with a large-scale trial of IFN-k plus TFF2 to treat COVID-19.
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Research in context

Evidence before this study

We searched Pubmed and China Nation
structure database for articles that use TFF
bination of both, to treat COVID-19 patien
using the search terms (“novel coronaviru
OR “COVID-1900) AND (“TFF2” OR “IFN-k”)
time restrictions. However, no published
about the treatment of TFF2, IFN-k, or the
in adult patients with COVID-19.

Added value of this study

It is urgently needed to develop an effectiv
for COVID-19. IFN-a/b treatment could su
tion, however, may also trigger pers
responses and cause the damage to p
employed a combination approach of a m
IFN-k to suppress viral replication and a
reduce inflammatory responses and promo
aged respiratory mucosa. This strategy ha
as a safe and effective regimen in our p
study, this study is a randomized and scal
to prove its effectiveness and safety.

Implications of all the available evidence

This study demonstrated that the combi
IFN-k and TFF2 is able to shorten the time
conversion and CT improvement, and facil
discharge from the hospital, in the absen
proinflammatory response and treatm
events. Overall, the data from our two clin
is worth to test this regimen in large scale
severe patients.

2 W. Fu et al. / EClinicalMedicine 27 (2020) 100547
Funding: Funding was provided by the National Natural Science Foundation of China, National Major Project
for Control and Prevention of Infectious Disease in China, Shanghai Science and Technology Commission,
Shanghai Municipal Health Commission.
© 2020 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/)
al Knowledge Infra-
2, IFN-k, or the com-
ts on March 23, 2020
s” OR “SARS-CoV-200

with no language or
works were found

combination of both,

e treatment regimen
ppress viral replica-
istent inflammatory
atients. This study
ild type I interferon
host factor TFF2 to
te the repair of dam-
s been demonstrated
revious pilot clinical
ed-up one to further

nation inhalation of
of viral RNA negative
itating patients early
ce of induction of a
ent-related adverse
ical trials validated it
clinical trials and in
1. Introduction

The recent emergence of the coronavirus disease 2019 (COVID-19)
pandemic caused by the novel pathogenic severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) has affected more than 4 mil-
lion patients, with more than 283,000 deaths in more than 230 coun-
tries [1]. At present, many therapeutic approaches are being
evaluated, since there is no specific treatment that has been proven
effective. Current clinical management includes symptomatic treat-
ment or supportive care, with supplemental oxygen and mechanical
ventilatory support when indicated, so there is an urgent need to
identify active antiviral agents.

Chloroquine (CQ) and hydroxychloroquine (HCQ) are considered
the most promising agents against COVID-19 [2]. However, the clinical
efficacy of HCQ in the treatment of patients with COVID-19 is contro-
versial. On the one hand, several clinical studies have shown that HCQ
treatment had a favorable effect, including shortened body tempera-
ture recovery time and cough remission time; decreased pneumonia
proportion, as assessed by computed tomography (CT) scan [3];
alleviated symptoms; and decreased C reactive protein concentration
[4]. On the other hand, a French study conducted in 181 COVID-19
patients with relatively severe illness did not show any difference
regarding transfer to the ICU or death [5]. Furthermore, in a large-scale
observational study involving hospitalized COVID-19 patients, hydrox-
ychloroquine administration was not associated with either intubation
or death [6]. In addition, compassionate use of a nucleotide analog,
remdesivir, contributed to clinical improvement in patients with
severe COVID-19 in a small study [7]. However, two recent larger clini-
cal trials showed that remdesivir in adults hospitalized with COVID-19
was not associated with statistically significant clinical benefits, except
for shortening the time to recovery, which was accompanied by seri-
ous adverse events[8,9]. Other antiviral agents, such as lopinavir-rito-
navir, were also shown to have no benefit in hospitalized adult
patients with severe COVID-19 [10]. Therefore, new effective antiviral
agents need to be developed to combat COVID-19.

Blood from patients with severe COVID-19 had impaired type I
interferon activity and exacerbated inflammatory responses [11]. An
in vitro study has shown that SARS-CoV-2 was sensitive to type I
interferon pretreatment [12]. In a small-scale clinical trial, treatment
with IFN-a2b significantly reduced the duration of detectable virus
in the upper respiratory tract and elevated the blood levels of the
inflammatory markers, IL-6 and C-reactive protein (CRP) [13]. In
addition, early triple-antiviral therapy with a combination of inter-
feron beta-1b, lopinavir-ritonavir, and ribavirin was safe and superior
to lopinavir-ritonavir alone in alleviating symptoms and shortening
the duration of viral shedding and hospitalization stay in patients
with mild to moderate COVID-19 [14]. However, the persistent
inflammatory responses resulting from IFN-a/b may cause damage
to infected patients. In the study, interferon beta-1b was injected
only before day 7 from symptom onset to avoid its proinflammatory
effects [14]. Interferon kappa (IFN-k) is a relatively mild type I inter-
feron that can effectively inhibit the replication of enveloped viruses,
including Encephalomyocarditis virus (EMCV), Influenza avian virus
(IAV), Hepatitis C virus (HCV), and others, by activating the inter-
feron-stimulated response element signaling pathway [15]. However,
unlike IFN-a2 or IFN-b, the antiviral activity of IFN-k is cell-associ-
ated [16]; IFN-k inhibits the replication of influenza virus largely
through the IFNAR-MAPK-Fos-CHD6 axis [17], whereas the effects of
IFN-a2 or IFN-b are mainly through the STAT1 pathway. Trefoil factor
2 (TFF2) is a small secreted polypeptide that promotes the repair of
injury and reduces the inflammatory response[18,19]. Our previous
clinical pilot study indicated that aerosol inhalation of IFN-k plus
TFF2 is a safe treatment and is able to significantly facilitate clinical
improvement, including cough relief, CT imaging improvement, and
viral RNA reversion, thereby resulting in an early release from hospi-
talization without induction of a proinflammatory response [20].

To further optimize the therapeutic efficacy, we launched a clini-
cal trial that combined standard care with aerosol inhalation (IFN-k
plus TFF2) to evaluate the efficacy and safety in patients with moder-
ate COVID-19.
2. Methods

2.1. Study design and patient enrollment

This was an open-label, randomized clinical trial conducted from
March 23, 2020, for virologically confirmed COVID-19 patients
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recruited from the Shanghai Public Health Clinical Center, which is a
designated and authorized hospital to receive and cure adult patients
with COVID-19 in Shanghai, China. Hospitalized patient that was pos-
itive on RT-PCR for SARS-CoV-2 in throat swabs was enrolled in this
study. The inclusion criteria were as follows: patients gave written
consent for participation in the study. Male and nonpregnant female
patients at 18 years of age or older were eligible after they were con-
firmed as SARS-CoV-2 positive by RT-PCR. In addition, patients were
included if their peripheral capillary oxygen saturation (SpO2) was >
94% on room air at screening. Symptoms of infection include fever,
cough, and myalgia, with diarrhea, with the subsequent development
of dyspnea or of pneumonia on chest CT. Patients with moderate
pneumonia were then included following Diagnosis and Treatment
Protocol for Novel Coronavirus Pneumonia (Trial Version 7) released
by National Health Commission & State Administration of Traditional
Chinese Medicine on March 3, 2020) [21]. The exclusion criteria
included a physician’s decision that involvement in the trial was not
in the patient’s best interest, presence of any condition that would
not allow the protocol to be followed safely, known allergy or hyper-
sensitivity to IFN-k and TFF2, known severe liver disease (e.g., cirrho-
sis, with an alanine aminotransferase level >5 £ the upper limit of
the normal range (9�50 U/L) or an aspartate aminotransferase level
>5 £ the upper limit of the normal range (15�40 U/L)). Breastfeeding
and pregnant patients were also excluded.
2.2. Randomization and masking

The randomized treatment was open label. Moderate COVID-19
patients showing fever, respiratory symptoms and radiological find-
ings of pneumonia were recruited by clinical doctors. After admis-
sion, the doctor first introduced the study to the patients. If a patient
agreed to join in the study, he/she would voluntarily sign the
informed consent form. Patients who met the inclusion criteria were
enrolled in the study, assigned with randomized numbers, the ran-
dom allocation sequence was generated through the website
“https://www.randomizer.org/#randomize”, and then sorted into
either experimental group or control group. Based on the purpose of
this study and our previous explorative pilot study [20], considering
20% of shedding cases, we calculated that a sample of approximately
40 participants per group was required for approximately 85% statis-
tical power in using a two-sided, two-sample t-test by PASS v15 soft-
ware, assuming the true difference between the means to be -3, with
standard deviation of 4. The significance level (alpha) of the test is
0¢05. Therefore, 80 eligible patients were enrolled and randomly
assigned to either IFN-k plus TFF2 or control group with standard
care at a ratio of 1:1 by a simple randomization with no stratification.
Consequently, 40 patients were assigned to experimental group, and
40 patients for control group. The age, sex, baseline demographics,
and laboratory test results in each group were comparable. Fever and
unproductive cough were the most common presenting signs and
symptoms. No significant differences were observed between two
groups at baseline (Table 1). No discomfort or complications during
aerosol inhalation were reported to the nurses by the patients in the
study. CT imaging improvement was evaluated and interpreted by
radiologists who are blinded to the arm of the patients. All data were
collected from electronic data files.
2.3. Procedures

All enrolled patients started to receive standard care once they
were admitted to the hospital, Standard care included symptomatic
treatment with hydroxychloroquine, antibiotic agents, vasopressors,
antifever medicine, vitamin C, immune enhancers, or traditional Chi-
nese medicines. The therapy of aerosol inhalation was started on the
second day after admission only in experimental group.
Aerosolized substances were made of purified mature IFN-k and
TFF2 proteins produced by the Novoprotein company under condi-
tions in accordance with good manufacturing practices (GMP); the
purity of the proteins was more than 99%, and the biological activities
of the two proteins were verified in vitro. In addition, both proteins
(5 mg TFF2 plus 2 mg IFN-k) were dissolved in 5 mL sterilized water,
and the combination aerosol was delivered to the patient for
20�30 min by a nasal mask driven by a medical compressed air
atomizer (YUWELL, 403M). The aerosol inhalation treatment started
from the first day of hospitalization and was administered 6 times
every 24 h. After treatment, a survey was implemented to evaluate
whether there were any adverse reactions during the course of aero-
sol inhalation. The use of a placebo group was generally not accepted
among the specialists responsible for the treatment of COVID-19. Our
previous study showed that aerosol inhalation of IFN-k plus TFF2 is a
safe treatment and is able to significantly facilitate clinical improve-
ment [20].

2.4. Clinical and laboratory monitoring

Clinical findings, including medical history and physical, labora-
tory and radiological examination results were entered into a prede-
signed database. Chest radiographs were taken at baseline and at
regular intervals for monitoring patient progress. The initial diagnosis
of SARS-CoV-2 infection was made upon admission. All recruited
patients underwent daily collection of nasopharyngeal swabs, throat
swabs, and stool swabs to test for the presence of SARS-CoV-2 by RT-
PCR until discharged from hospital. Complete blood count, liver and
renal function tests, CRP, and creatine kinase were regularly deter-
mined until discharge. Blood and urine samples for bacterial culture
were taken when clinically indicated. All patients were followed up
at the infectious disease clinic within 30 days after discharge. All the
data of biochemical and blood indexes were used to analyze the
kinetic changes.

Lymphocyte subset counting was performed. CD3+T, CD4+T,
CD8+T, and CD16+CD56+natural killer (NK) cells were stained by using
BD MultitestTM 6-color TBNK reagent in Trucount tubes and analyzed
using the BD FACS-CantoTM Ⅱ flow cytometer.

2.5. Plasma cytokine measurement

We collected plasma samples from 80 COVID-19 patients at three
time points, including before, among, and after aerosol inhalation. 10
patients’ plasmas (5 from each group) were randomly selected for
emergency testing and thereby unavailable for this assay. All left 70
patients’ plasmas were analyzed for 10 biomarkers (IFN-g , IL-1b, IL-
4, IL-5, IL-6, IL-8, IL-10, IL-12P70, IL-22, TNF-a) using the Simoa Cor-
Plex Human Cytokine Panel 1 kit (Cat No: 85-0329). The assay was
carried out according to the manufacturer’s (Quanterix, Billerica, MA,
USA) protocols. Briefly, 12¢5 mL of plasma sample was diluted 4-fold
with sample diluent from the kit. Multiconstituent calibrators were
prepared and added, together with the diluted samples, to 96-well
microplates prespotted with analyte-specific capture antibodies. The
microplate was incubated for 2 h. After incubation, unbound proteins
were washed away, and biotinylated detection antibody reagent was
added for 30 min. After the unbound detection antibody was washed
away, streptavidin-horseradish peroxidase (SA-HRP) was added for
30 min. The microplate was then washed, and the substrate was
added. The microplate was imaged on the SP-X platform within
2~4 min. Each microplate contained calibrators that were used to cal-
culate cytokine concentrations for the plasma samples.

2.6. Quantification of SARS-CoV-2 viral loads at baseline

The viral loads of SARS-CoV-2 in nasopharyngeal swabs, throat
swabs and stool swabs were determined by quantitative real-time
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Table 1
Clinical characteristics of the COVID-19 patients at baseline.

Characteristic Total (N = 80) IFN-k+TFF2 (N = 40) Control (N = 40) P value

Male sex-no. (%) 51 (63.75%) 26 (65%) 25 (62.5%)
Age mean (95% CI)-yr 35.25 (32.76�37.74) 35.3 (31.7�38.9) 35.2 (31.59�38.81) 0.91
Age mean (SD)-yr 35.25 (11.2) 35.3 (11.25) 35.2 (11.3) 0.91
Underlying diseases:
Diabetes 3(3¢75%) 1(2¢5%) 2(5¢0%)
Hypertension 4(5¢0%) 3(7¢5%) 1(2¢5%)
Rhinitis 11(13¢75%) 5(12¢5%) 6(15¢0%)
Cough-no. (%) 34 (42.5%) 23 (57.5%) 11 (27.5%)
Ct mean (95% CI) 25.52 (24.19�26.85) 26.13 (24.32�27.94) 24.98 (22.97�26.99) 0.47
Ct mean (SD) 25.52 (5.43) 26.13 (4.94) 24.98 (5.84) 0.47
Body temperature, mean (95% CI)- °C 37.37 (37.14�37.6) 37.33 (37.04�37.63) 37.4 (37.03�37.76) 0.83
Body temperature, mean (SD)- °C 37.37 (0.88) 37.33 (0.78) 37.4 (0.98) 0.83
Fever-no. (%) 37 (46.3%) 19 (47.5%) 18 (45%)
White-cell count (£ 109/liter) -mean (95% CI) 5.69 (5.24�6.15) 6.2 (5.43�6.96) 5.19 (4.7�5.68) 0.06
White-cell count (£ 109/liter) -mean (SD) 5.69 (2.06) 6.2 (2.39) 5.19 (1.53) 0.06
4�10 £ 109/liter-no. (%) 64 (80%) 33 (82.5%) 31 (77.5%)
<4 £ 109/liter-no. (%) 12 (15%) 3 (7.5%) 9 (22.5%)
>10 £ 109/liter-no. (%) 4 (5%) 4 (10%) 0 (0%)
Lymphocyte count (£ 109/liter)-mean (95% CI) 1.58 (1.48�1.68) 1.60 (1.42�1.78) 1.56 (1.45�1.68) 0.98
Lymphocyte count (£ 109/liter)-mean (SD) 1.58 (0.46) 1.60 (0.55) 1.56 (0.36) 0.98
�1.0 £ 109/liter-no. (%) 77 (96.25%) 37 (92.5) 40 (100%)
<1.0 £ 109/liter-no. (%) 3 (3.75%) 3 (7.5%) 0 (0%)
Platelet count (£ 109/liter)-mean (95% CI) 228.6 (212.3�244.9) 239.4 (212.4�266.3) 217.9 (198.7�237) 0.33
Platelet count (£ 109/liter)-mean (SD) 228.6 (73.4) 239.4 (84.26) 217.9 (59.92) 0.33
�100 £ 109/liter-no. (%) 78 (97.25%) 39 (97.25%) 39 (97.25%)
<100 £ 109/liter-no. (%) 2 (2.5%) 1 (2.5%) 1 (2.5%)
Serum creatinine (mmol/liter)-mean (95% CI) 65.48 (62.8�68.16) 64.63 (60.59�68.66) 66.33 (62.64�70.03) 0.75
Serum creatinine (mmol/liter)-mean (SD) 65.48 (12.05) 64.63 (12.61) 66.33 (11.56) 0.75
�133mmol/liter-no. (%) 80 (100%) 40 (100%) 40 (100%)
>133mmol/liter-no. (%) 0 (0%) 0 (0%) 0 (0%)
AST (U/liter)-mean (95% CI) 25.28 (21.84�28.71) 27.03 (20.9�33.15) 23.53 (20.2�26.85) 0.80
AST (U/liter)-mean (SD) 25.28 (15.42) 27.03 (19.16) 23.53 (10.41) 0.80
�40 U/liter-no. (%) 74 (92.5%) 36 (90%) 38 (95%)
>40 U/liter-no. (%) 6 (7.5%) 4 (10%) 2 (5%)
ALT (U/liter)-mean (95% CI) 32.13 (25.95�38.3) 36.38 (25.31�47.44) 27.88 (22.12�33.63) 0.69
ALT (U/liter)-mean (SD) 32.13 (27.74) 36.38 (34.61) 27.88 (18) 0.69
�50 U/liter-no. (%) 67 (83.75%) 31 (77.5%) 36 (90%)
>50 U/liter-no. (%) 13 (16.25%) 9 (22.5%) 4 (10%)
LDH (U/liter)-mean (95% CI) 207.8 (196.9�218.6) 212.4 (195.8�229.1) 203.1 (188.7�217.5) 0.36
LDH (U/liter)-mean SD) 207.75 (48.62) 212.4 (52.09) 203.1 (45.06) 0.36
�245 U/liter-no. (%) 73 (91.25%) 35 (87.5%) 38 (95%)
>245 U/liter-no. (%) 7 (8.75%) 5 (12.5%) 2 (5%)
CK (U/liter)-mean (95% CI) 100.4 (80.23�120.5) 85.58 (72.06�99.09) 115.2 (76.86�153.4) 0.81
CK (U/liter)-mean SD) 100.4 (90.45) 85.58 (42.26) 115.2 (119.7) 0.81
�185 U/liter-no. (%) 73 (91.25%) 38 (95%) 35 (87.5%)
>185 U/liter-no. (%) 7 (17.5%) 2 (5%) 5 (12.5%)
Hemoglobin (g/liter)-mean (95% CI) 15.25 (14.72�15.78) 15.25 (14.43�16.07) 15.25 (14.53�15.97) 0.83
Hemoglobin (g/liter)-mean (SD) 15.25 (2.36) 15.25 (2.50) 15.25 (2.25) 0.83
12�17.5 g/dl-no. (%) 62 (77.5%) 30 (75%) 31 (77.5%)
<12 g/dl-no. (%) 6 (7.5%) 3 (7.5%) 3 (7.5%)
>17.5 g/dl-no. (%) 13 (16.25%) 7 (17.5%) 6 (15%)
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RT�PCR according to previously report [22]. Simply, they were
assayed by using Takara One Step PrimeScript RT�PCR kit (Takara
RR064A) following the manufacturer’s instructions. Reverse tran-
scription was carried out at 42 °C for 10 min, 95 °C for 1 min, followed
by 40 cycles of 95 °C for 15 s and 60 °C for 1 min. The reactions were
performed by ABI 7500 Real-Time PCR Systems. Ct values were col-
lected and viral loads were analyzed according to the Ct value of the
standard samples.

2.7. Outcomes

The primary endpoint was the timing to achieve viral RNA nega-
tive conversion for SARS-CoV-2 in all three specimens, including
nasopharyngeal swabs, throat swabs and stool swabs. When a
COVID-19 patient was discharged from hospital, the viral RNA nega-
tive conversion of all three specimens needed to be considered. The
secondary clinical endpoint was the timing when CT imaging
improvement was observed, which was mainly based on the size and
density reduction of lesions. Safety data included adverse events dur-
ing treatment, severe adverse events, and premature discontinuation
of treatment. Adverse events were classified according to the
National Cancer Institute Common Terminology Criteria for Adverse
Events, version 5.0 [23].

2.8. Statistical analysis

Baseline comparisons of clinical and demographic characteristics
according to study group allocation were done using Student’s t-test
for parametric continuous data or the Mann�Whitney U test for non-
parametric data. Categorical data were compared using x2 test. The
primary endpoint, secondary endpoint and safety were assessed in
all randomized patients. The quantitative indexes were described as
the mean values (Mean), and comparisons between experimental
group and control group were analyzed using the t-test. All statistics
were conducted using a two-sided scale, and a p-value less than or
equal to 0¢05 was considered statistically significant. Statistical
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analyses were performed using PRISM, version 6. The study was reg-
istered with the Chinese Clinical Trial Registry (website: http://www.
chictr.org.cn; trial title: Clinical study of novel coronavirus (SARS-
CoV-2) infection treated with aerosol inhalation (IFN-k plus anti-
inflammatory factor TFF2); number: ChiCTR2000030262).
Fig. 1. Trial
2.9. Role of the funding source

The funding source of this study had no role in the study design,
data collection, data analysis, data interpretation, or other report
writing. The corresponding authors had full access to all the data in
profile.

http://www.chictr.org.cn
http://www.chictr.org.cn
http://www.chictr.org.cn/edit.aspx?pid=50136&htm=4
http://www.chictr.org.cn/edit.aspx?pid=50136&htm=4
http://www.chictr.org.cn/edit.aspx?pid=50136&htm=4
http://www.chictr.org.cn/edit.aspx?pid=50136&htm=4
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the study and had final responsibility for the decision to submit the
manuscript for publication.

3. Results

Between March 23 and May 23 of 2020, 86 COVID-19 patients
with symptoms of moderate illness were screened; 6 patients did not
fulfill the inclusion criteria (of patients with pneumonia on chest
radiograph), and the remaining 80 patients were randomly divided
into two groups, each group for 40 patients (Fig. 1).

The primary endpoint was a significantly shorter time (Mean
3¢80 days, 95% CI 2¢07�5¢53) from the start of the study treatment to
viral RNA negative conversion for SARS-CoV-2 in all clinical samples,
including nasopharyngeal swabs, throat swabs and stool swabs, in
experimental group than in control group (7¢40 days, 95% CI
4¢57�10¢23) (p = 0¢031), and difference between means was
Fig. 2. Outcomes over time. (A) Viral RNA negative time; (B) Viral RNA negative reversion r
values of samples, and error bars are SEM (Standard error of mean). .
3¢60 days (Fig. 2A). The percentage of patients in experimental group
who had reversion to a negative viral RNA was significantly increased
compared with that in control group on any sampling day (every day
during the 12-day observation period) (p = 0¢037) (Fig. 2B).

The second endpoint was improvement of patients with con-
firmed pneumonia by chest CT after 0 days of treatment (the start
time of hospitalization). Experimental group had a significantly
shortened time (Mean 6¢21 days, N = 38/40, 95% CI 5¢11�7¢31) until
the improvement of their CT results than control group (8¢76 days,
N = 34/40, 95% CI 7¢57�9¢96) (p = 0¢0021), and difference between
means was 2¢55 days (Fig. 2C). There were 2 patients in experimental
group and 6 patients in control group with unchanged CT imaging
from the start of treatment to discharge. Pulmonary CT imaging
changes were defined as three levels: exacerbated, unchanged, and
improved. After continued aerosol inhalation treatment for 3 days,
the rates of improvement in CT imaging in experimental group and
ate; (C) Days to CT imaging improvement; (D) Hospital stay. Data points are the actual



Fig. 3. Kinetic analysis of biochemical and blood indexes of COVID-19 patients between control and experimental groups. (A)T-Bil; (B) ALT; (C)AST; (D) Creatinine; (E) White blood
cells; (F) CRP; (G) Blood-platelet; (F) Lymphocytes. The normal range of each cell type was plotted as dotted lines. (Control group, n = 40; IFN-k+TFF2: n = 40). Data points are means,
and error bars are SEM (Standard error of mean).

W. Fu et al. / EClinicalMedicine 27 (2020) 100547 7



8 W. Fu et al. / EClinicalMedicine 27 (2020) 100547
control group were 17¢5% (7/40) and 5¢3% (2/40), respectively, with
no statistical significance. After aerosol inhalation treatment for
6 days, the rates of improvement in CT imaging in experimental
group and control group were 70% (28/40) and 22¢5% (9/40), respec-
tively, p < 0¢0001. After 9 days of treatment, the rates of improve-
ment in CT imaging rose to 85¢0% (34/40) in experimental group and
50¢0% (20/40) in control group, respectively, p < 0¢005. After 12 days
of treatment, the rates of improvement in CT imaging rose to 87¢5%
(35/40) and 72¢5% (29/40), respectively, with no statistical signifi-
cance. In addition, experimental group was significantly less hospital-
ized (Mean 15¢50, 95% CI 13¢77�17¢23) in comparison with control
group (20¢05, 95% CI 17¢67�22¢43) (p = 0¢0025), and the difference
between means was 4¢55 (Fig. 2D). The hospitalization time for
patients staying in the hospital was longer than the our last study
[20], because the clinical research at the Shanghai Public Health Clini-
cal Center had revised the discharge evaluation criteria (including
nasal CT improvement which is usually taking prolonged times).

In this trial, we found that aerosol inhalation of IFN-k plus TFF2 is
a safe treatment. Compared with the control group, total bilirubin
(T-Bil), ALT, AST and creatinine showed no significant differences,
p > 0.05, There were also not clinical significance at every following
up time-point, and they all fell into normal ranges for both groups
(Fig. 3A�D), indicating that IFN-k plus TFF2 treatment did not nega-
tively impact the liver, gallbladder, or heart. Interestingly, a
Fig. 4. Kinetic analysis of CD3+T (A), CD4+T (B), CD8+T (C), and CD16+CD56+ NK (D) cell counts
dotted lines. (Control group, n = 40; Experimental group: n = 40). Data points are means, and
significant less CRP was noticed in experimental group on day 2
when compared with that in control group, p = 0.006 (Fig. 3E), sug-
gesting the administration of IFN-k plus TFF2 might facilitate rapid
containing of inflammation. We then analyzed the kinetic changes in
the effectiveness index in the peripheral blood of control group and
experimental group. The total white blood cell (WBCs) absolute
counts, blood platelet counts and lymphocyte counts were all not sig-
nificantly different between two groups, which suggested that IFN-k
plus TFF2 treatment had no significant effect on total blood parame-
ters (Fig. 3F�H). After treatment for 12 days, all blood indexes
returned to values in the normal range. We further determine the
kinetic of different lymphocyte subsets (CD3+T, CD4+T, CD8+T and
CD16+CD56+NK) in the peripheral blood of two groups of patients.
CD3+T, CD4+T, CD8+T cell counts in both groups were continuously
increasing whereas NK cells remained stable during the whole clini-
cal observation with no significant differences at every time point
between two groups, and all were fallen in the normal ranges for
both groups (Fig. 4A�D). In addition, the level of plasma cytokines
from those patients with moderate COVID-19 was low, and the
inflammatory cytokines (such as IL-1b, TNF-a, IL-6, IL-8) in the early
stage (1~6 days) in experimental group showed a slight fluctuation
temporarily; however, after 6 days of aerosol inhalation treatment,
the level of plasma cytokines gradually decreased, and showed lower
than that in control group, except for IL-22 (Fig. 5). No serious
in each group during treatment time. The normal range of each cell type was plotted as
error bars are SEM (Standard error of mean). .



Fig. 5. The level of cytokines in the plasma of enrolled COVID-19 patients. Cytokines concentrations in the plasma of COVID-19 patients were measured using a SIMOA Cytokine 10-
plex A kit on a SIMOA HD-1 platform at GBIO. The plasma concentration of TNF-a (A), IL-1b (B), IL-6 (C), IL-8 (D), IFN-g (E), IL-10 (F), and IL-22 (G) at various time points are shown.
The values of IL-12 p70, IL-4 and IL-5 were below the minimum detection limit and are not shown. (control group, n = 35; experimental group; n = 35). Data points are means, and
error bars are SEM (Standard error of mean).
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adverse events were reported in experimental group. No patients
died during the study.

4. Discussion

From this randomized open-label clinical trial in patients with
COVID-19, we found that aerosol inhalation of IFN-k plus TFF2 in
combination with standard care is effective in suppressing and clear-
ing SARS-CoV-2, not just in throat samples but also in all clinical
specimens. Most patients treated with aerosol inhalation of IFN-k
plus TFF2 were RT-PCR negative in all specimens by 3¢80 days. Fur-
thermore, CT improvement time in experimental group was signifi-
cantly shorter, by 2¢55 days, than that in control group. In addition,
IFN-k plus TFF2 treatment significantly shortened the duration of
hospitalization. The side effects of the combined aerosol treatment
were generally mild and self-limiting. The results were highly consis-
tent with the first clinical study of IFN-k plus TFF2 in patients with
moderate COVID-19 [20].

Specific highly active antiviral drugs for any emerging infectious
disease are always needed because the development of a new antivi-
ral drug through the preclinical and clinical stages takes years before
its approval for clinical use. When the SARS-CoV-2 epidemic sud-
denly emerged, most of the antiviral research focused on therapeutic
agents with some in vitro activity against betacoronavirus, including
favipiravir, remdesivir, lopinavir-ritonavir, chloroquine, hydroxy-
chloroquine and interferons [24�32]. These drugs have known phar-
macokinetic and pharmacodynamic properties, side effects, and
dosing regimens. Unfortunately, most studies have shown limited
therapeutic effects in COVID-19 patients, and some effective thera-
peutics in published papers have been questioned for various reasons
[33]. Lopinavir-ritonavir was shown to have similar effects to placebo
on reducing viral load, despite some improvement in symptoms [10].
In patients with severe COVID-19 receiving compassionate-use
remdesivir, clinical improvement was observed in 36 of 53 patients
(68%) [7]. In addition, the clinical efficacy of HCQ in the treatment of
patients with COVID-19 is controversial. In summary, there has been
no strong evidence reported so far for specific effects in the treatment
of COVID-19. Interestingly, early triple-antiviral therapy with a com-
bination of interferon beta-1b, lopinavir-ritonavir, and ribavirin was
safe and superior to lopinavir-ritonavir alone in alleviating symptoms
and shortening the duration of viral shedding and hospital stay in
patients with mild to moderate COVID-19 [14]. Interferon-a2b treat-
ment for COVID-19 significantly reduced the duration of detectable
virus in the upper respiratory tract [13]. These findings suggest that
interferons should be further investigated as a therapy in COVID-19.

In our study, we observed that IFN-k plus TFF2 added to standard
supportive care was effective in clearing SARS-CoV-2 in the throat,
which implied that IFN-k plus TFF2 might inhibit SARS-CoV-2 replica-
tion in vivo and thereby promote negative reversion of viral RNA,
similar to hydroxychloroquine, remdesivir and interferon treatments
[14,24,34]. In addition, the prognosis of COVID-19 patients has been
associated with the levels of pro-inflammatory cytokines in the
peripheral blood [35], and tocilizumab therapy has been applied to
counteract the cytokine storm in patients with severe COVID-19 [36].
Thus, it is critical to examine whether treatment with IFN-k plus
TFF2 influences inflammation in COVID-19 patients. CRP was moni-
tored as an indicator of inflammatory responses and showed a lower
level in experimental group than in control group, indicating that
treatment with IFN-k plus TFF2 may eventually reduce inflammatory
responses. In addition, plasma inflammatory cytokine test results
showed that aerosol inhalation of IFN-k plus TFF2 did not signifi-
cantly induce inflammation in patients with moderate COVID-19. The
synergistic effect of IFN-k and TFF2 proteins shortened the duration
of hospitalization of COVID-19 patients. Surprisingly, the higher level
of IL-22 expression was maintained in experimental group. As
known, TFF2 is able to improve the mucosal reconstitution while IL-
22 is also known to facilitate the mucosal recovery [37], it is possible
that TFF2 could up-regulate IL-22 and exerts its functionality. Indeed,
previous studies showed that IL-22 reduced lung inflammation and
promoted lung epithelial repair during influenza virus infection
[38,39]. However, the relationship between IL-22 and prognosis in
COVID-19 patients need to be further investigated.

In this study, the combination of IFN-k plus TFF2 with standard
care was a safe treatment for patients with moderate COVID-19.
Safety evaluations, including WBC levels, lymphocytes, CRP, hemo-
globin, ALT, AST, blood platelets and T-BiL, all fell within normal
ranges, and no severe adverse effects were observed during hospitali-
zation or follow-up after release, suggesting that IFN-k plus TFF2 did
not affect the function of the liver, blood, gallbladder, kidney and
heart of COVID-19 patients. Recent reports show that patient lym-
phocyte counts exhibit a graded decline from mild, moderate and
severe COVID-19 [35,40] whereas mild and moderate COVID-19
patients remain normal [41], which was consistent with our results.
In addition, IFN-k and TFF2 are small proteins that could be endoge-
nously induced to respond to respiratory viral infections [17], there-
fore, they are safe and effective, convenient for transportation, and
easy to prepare and use. Our clinical survey showed that there was
no discomfort during aerosol inhalation. Overall, this therapeutic
strategy could be quickly popularized and implemented.

Cautions should be taken to interpret these data. First, this trial
was open label in the absence of a placebo group. Second, the trial
was only single centered and not blinded, it was possible that knowl-
edge of the treatment assignment might have influenced clinical
decision-making that could have affected the ordinal scale measure-
ments we used. In the future, a larger, multicenter, randomized, dou-
ble-blind, placebo-controlled clinical trial needs to be carried out to
further verify the effectiveness of the treatment strategy in COVID-19
patients.

In conclusion, we found that aerosol inhalation of IFN-k plus TFF2
in combination with standard care is safe and superior to standard
care alone in shortening the times for viral RNA conversion of SARS-
CoV-2 and for CT improvement and facilitating clinical recovery,
thereby resulting in early release from hospitalization. This aerosol
inhalation strategy should be developed with priority to provide
emergency reserves for the prevention and early treatment of acute
respiratory infectious diseases emerging in the future. At present,
more clinical data are needed to promote clinical application as early
as possible and contribute to SARS-CoV-2 epidemic prevention and
control.
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