
Research Article
BromhexineHydrochloride Prophylaxis of COVID-19 forMedical
Personnel: A Randomized Open-Label Study

Evgeny N. Mikhaylov ,1 Tamara A. Lyubimtseva ,1 Aleksandr D. Vakhrushev ,1

Dmitry Stepanov ,2Dmitry S. Lebedev ,1 ElenaYu.Vasilieva,1 AlexandraO.Konradi ,1

and Evgeny V. Shlyakhto 1

1Almazov National Medical Research Centre, Saint-Petersburg, Russia
2Department of Anesthesiology, Intensive Care, Pain Management and Palliative Care, Marienkrankenhaus Soest,
Soest, Germany

Correspondence should be addressed to Evgeny N. Mikhaylov; e.mikhaylov@almazovcentre.ru

Received 6 September 2021; Accepted 13 January 2022; Published 29 January 2022

Academic Editor: Jayaraman 'armalingam

Copyright © 2022 Evgeny N. Mikhaylov et al. 'is is an open access article distributed under the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is
properly cited.

Background. Bromhexine hydrochloride has been suggested as a TMPRSS2 protease blocker that precludes the penetration of
SARS-CoV-2 into cells. We aimed to assess the preventive potential of regular bromhexine hydrochloride intake for COVID-19
risk reduction in medical staff actively involved in the evaluation and treatment of patients with confirmed or suspected SARS-
CoV-2 infection. Methods. In a single-centre randomized open-label study, medical staff managing patients with suspected and
confirmed COVID-19 were enrolled and followed up for 8 weeks. 'e study began at the initiation of COVID-19 management in
the clinic. 'e study was prematurely terminated after the enrollment of 50 participants without a history of SARS-CoV-2
infection: 25 were assigned to bromhexine hydrochloride treatment (8mg 3 times per day), and 25 were controls. 'e composite
primary endpoint was a positive nasopharyngeal swab polymerase chain reaction (PCR) test for SARS-CoV-2 or signs of clinical
infection within 28 days and at week 8. Secondary endpoints included time from the first contact with a person with COVID-19 to
the appearance of respiratory infection symptoms; the number of days before a first positive SARS-CoV-2 test; the number of
asymptomatic participants with a positive nasopharyngeal swab test; the number of symptomatic COVID-19 cases; and adverse
events. Results. 'e rate of the combined primary endpoint did not differ significantly between the active treatment group (2/25
[8%]) and control group (7/25 [28%]); P � 0.07. A fewer number of participants developed symptomatic COVID-19 in the
treatment group compared to controls (0/25 vs. 5/25; P � 0.02).Conclusion. Although the study was underpowered, it showed that
Bromhexine hydrochloride prophylaxis was associated with a reduced rate of symptomatic COVID-19. 'e prophylactic
treatment was not associated with a lower combined primary endpoint rate, a positive swab PCR test, or COVID-19 (Clin-
icalTrials.gov number, NCT04405999).

1. Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) is the cause of respiratory disease, COVID-19 [1].
'e fast SARS-CoV-2 distribution resulted in the pandemic,
and the number of infected subjects keeps growing [2].
Current strategies for threat reduction include non-
pharmacologic prophylactic measures, such as social dis-
tancing, masks, and hand sanitizers, as well as antiviral and

anticytokine agents [3, 4]. In recent trials, pharmacologic
preventive drugs, such as antimalaria and antibiotic medi-
cations, have failed to prevent infection, while effective
prevention is urgently required [5, 6].

'e SARS-CoV has been shown to utilize the endosomal
cysteine proteases cathepsin B and L (CatB/L) and the
transmembrane protease serine type 2 (TMPRSS2) for
binding of the S-protein [7]. It has been suggested that
SARS-CoV-2 penetrates alveolar cells using the same
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mechanism [8]. 'e viral S-protein is attached to angio-
tensin-converting enzyme 2 (ACE2) of pneumocytes. 'en,
it adheres to TMPRSS2 in S1- and S2-subunits [2, 7–12],
providing the possibility for the virus to enter the cell.
According to this mechanistic perspective, the protease
TMPRSS2 can be targeted for preventing the penetration of
SARS-CoV-2 into cells [7, 13, 14]. Two medications have
been shown to block TMPRSS2 in vitro, camostat mesylate
and bromhexine hydrochloride; both block the ability of the
protease to activate a zymogen precursor of tissue plas-
minogen activator. Importantly, previous studies have
demonstrated that TMPRSS2 is blocked by a significantly
lower concentration of bromhexine hydrochloride than
required to inactivate other proteases in cell culture [8, 13].

'erefore, bromhexine hydrochloride is thought to
prevent the penetration of SARS-CoV-2 into cells. If this
would be confirmed in clinical settings, the drug might be
used as a prophylactic medication in subjects with a high
risk of infection, including medical staff. Medical staff
working with COVID-19 patients are at higher risk of
infection, and preventive measures, including vaccination
and possible pharmacologic prevention, are of paramount
importance.

We aimed to assess the preventive potential of regular
bromhexine hydrochloride intake for reduction of the risk of
COVID-19 in medical staff actively involved in the evalu-
ation and treatment of patients with confirmed or suspected
SARS-CoV-2 infection. 'e study was conducted in the
period before any vaccine against COVID-19 became
available.

2. Methods

2.1. Study Design. We conducted a single-centre random-
ized, open-label study to evaluate 8-week prophylaxis with
bromhexine hydrochloride during the period of regular
exposure to COVID-19 (ClinicalTrials.gov No.
NCT04405999).We randomly assigned healthcare providers
in a 1 :1 ratio either to bromhexine hydrochloride or to a
control group.

Study enrollment started on May 13, 2020, when the
Almazov Centre began the COVID-19 treatment pro-
gram. After starting the enrollment, a subsequent federal
order shortened the period of hospital repurposing and
the period for healthcare providers’ enrollment was
shortened to two weeks, accordingly. 'erefore, the
number of enrolled subjects reached only 50 (25 subjects
per group), which accounted for 42.4% of the initially
estimated number. 'e admission of COVID-19 patients
was performed between May 13, 2020, and July 25, 2020.
'e follow-up of the study subjects was 8 weeks. 'e study
was terminated on August 9, 2020, after reaching the end
of follow-up.

'e study was approved by the Almazov National
Medical Research Centre ethics committee (protocol #0105-
20-02C from May 12, 2020) and conducted in accordance
with the Declaration of Helsinki. 'e study protocol is
provided in the English language in Supplementary
Materials.

2.2. Participants. We included participants over 18 years
who were employed within the emergency departments,
intensive care units, and clinical departments where patients
with confirmed/suspected COVID-19 were admitted. All
participants were obliged to wear personal protective
equipment (PPE) as prescribed by the WHO recommen-
dations and local instructions. 'e PPE included respirators
class FFP2 or FFP3, full skin covering, and protective eye-
glasses. Blood tests for SARS-CoV-2 antibodies were taken at
baseline before randomization (serologic qualitative as-
sessment of IgM and IgG, ELISA-BEST, Vektor-Best,
Novosibirsk, Russia).

Participants were excluded if they had symptoms of
respiratory infection within the last 2 months or a history of
COVID-19, or a positive nasopharyngeal swab polymerase
chain reaction (PCR) test to SARS-CoV-2 before the day of
randomization, confirmed direct contact to a subject posi-
tive for SARS-CoV-2 within the last 14 days, or had a
positive serologic test (either IgM or IgG). 'e additional
exclusion criteria were a history of gastric ulcer or other
contraindications to bromhexine hydrochloride, pregnancy,
and any severe chronic disease.

2.3. Setting. Recruitment was performed via the institution’s
electronic communication system and via personal contacts
with healthcare providers. 'e participants provided a
scanned copy of the signed consent. We performed follow-
up phone calls and sent e-mail surveys on days 7, 14, 21, and
28 and at week 8. 'e survey asked about any follow-up
testing, illness, or hospitalizations. Participants who did not
respond to follow-up surveys were actively contacted by text
messages and telephone calls.

2.4. Interventions. 'e study statisticians adjusted a software
for randomization using the minimization method weighing
the following factors: age (categories: 18–45, 45–64, 65–74,
and 75–79 years) and the type of anticipated contacts with
SARS-CoV-2 (confirmed SARS-CoV-2 infection cases
within the “red” zone, working closely with colleagues who
had proven contacts with SARS-CoV-2 patients). A study
coordinator sequentially assigned participants. 'e assign-
ments were open to investigators and participants.

Bromhexine hydrochloride was dispensed and shipped
to participants by the study coordinator.'e dosing regimen
for oral bromhexine hydrochloride was 8mg 3 times per day
starting from the day before the first contact with COVID-19
(first day of work in a repurposed department). 'e dosing
regimen was based on previous reports [8, 15].

'e control group was not prescribed any additional
drug or placebo.

2.5. Outcomes. 'e composite primary endpoint was pre-
specified as a positive nasopharyngeal swab SARS-CoV-2
PCR test or the presence of clinical symptoms of infection
within 8 weeks after starting contacts with COVID-19
subjects. COVID-19-related symptoms were assessed based
on the U.S. Council for State and Territorial Epidemiologists

2 Interdisciplinary Perspectives on Infectious Diseases

https://clinicaltrials.gov/ct2/show/NCT04405999


Criteria for confirmed cases (positive nasopharyngeal swab
PCR test), probable cases (presence of cough, shortness of
breath, or difficult breathing, or the presence of two or more
symptoms of fever, chills, rigors, myalgia, headache, sore
throat, and new olfactory and taste disorders), and possible
cases (the presence of one or more compatible symptoms,
which could include diarrhea) [16].

Secondary endpoints included time from the first contact
with a person with suspected/confirmed COVID-19 to the
appearance of respiratory infection symptoms; the number
of days before the first positive SARS-CoV-2 test; the
number of asymptomatic participants with a positive na-
sopharyngeal swab test; the number of mild, moderate, and
severe COVID-19 cases; and adverse events possibly related
to bromhexine hydrochloride.

According to the study protocol, nasopharyngeal swab
SARS-CoV-2 PCR tests were performed every 7 days, and
additional tests were performed in case of infection. 'e
PCR test was performed by qualitative analysis (DNA-
Technology, Moscow, Russia).

Outcomes were measured at 7, 14, and 28 days after
study enrollment and then at 8 weeks. Outcome data in-
cluding PCR, COVID-19-related symptoms, adherence to
the study drug, and side effects, as well as not taking the
study drug by the control group subjects were collected
through participants´ reports.

2.6. Sample Size. Initially, we estimated that 59 subjects
would need to be enrolled in each group (140 subjects in
total, with an assumed 15% drop-out rate), when calculated
using an alpha of 0.05 and 80% power, assuming a primary
endpoint achievement in 10% of treatment group subjects,
and 30% in the control arm. 'ese numbers were derived
from previous reports on the incidence of COVID-19
positivity in first-line healthcare workers and reports
demonstrating a higher proportion of COVID-19 positive
Russian physicians [17–19]. However, as described in the
Methods section, the enrollment was ceased when 50 sub-
jects (25 per group) were included. 'e number of included
subjects was amended by the study committee and updated
on the clinicaltrials.gov website after study completion on
September 3, 2020.

2.7. Statistical Analysis. 'e primary and secondary end-
points were assessed with the Mann–Whitney U test. Sta-
tistical analysis was performed using STATISTICA software
13.0 (StatSoft, USA), according to the intention-to-treat
principle, with a P value suggesting a statistically significant
difference when <0.05.

3. Results

3.1. Participants. Following a general notification via an
institutional electronic system, one hundred and fifty
healthcare providers were contacted personally and 62
positive responses were obtained. Among 62 subjects who
agreed to participate, 50 persons fulfilled the inclusion
criteria (80.6%) (Figure 1).

'e demographic and clinical characteristics of the
participants are presented in Table 1. 'ree (6%) of the
participants were hypertensive and 2 participants had hy-
percholesterolemia. Physicians comprised 88% of the pop-
ulation and nurses 12%. 'e median exposure time to
patients with confirmed/suspected COVID-19 was 7.5 hours
per week.

Overall, 80% (40 out of 50) participants had a very high-
risk exposure (contacting with aerosols from intubated
COVID-19 patients) and 20% (10 out of 50), a relatively
lower risk exposure (contacting with suspected/confirmed
COVID-19 patients). All the participants had 6-hour du-
ration shifts working with COVID-19 patients, used FFE
respirators, eyeglasses, and skin coverings, and had direct
contact with staff outside the “red zone” without PPE.

Seven (14%) participants used vitamins D and C as an
intention to prevent infection: 3 participants in the brom-
hexine group (3/25, 12%) and 4 participants in the control
group (4/25, 16%; P> 0.05). None of the participants re-
ported any unprotected contact with COVID-19 patients
outside the hospital.

'ere were no subject losses nor dropouts after
randomization.

3.2. Primary Endpoint. All participants completed all
scheduled surveys. 'e primary endpoint, a positive swab
test and/or infection symptoms, was documented in 9/50
(18%) participants during the follow-up period: in 8, by day
28, and in 1, by week 8 (Tables 1 and 2). 'e primary
outcome rate did not differ significantly between the
treatment and control groups (2/25 (8%) vs. 7/25 (28%),
respectively) (P � 0.07). Two hospitalizations for COVID-19
pneumonia were reported in the control group (2/25, 8%)
and none in the bromhexine group (0/25, P � 0.16). No
severe cases with intensive care unit admission or death
occurred.

3.3. Secondary Endpoints. 'ere was no difference between
the groups in the time between the first contact with a
suspected/confirmed COVID-19 person and infection
symptoms, or an asymptomatic positive PCR test. 'e first
positive SARS-CoV-2 PCR tests in the treatment group
appeared at 2 and 3 weeks, and in the control group, the
positive tests were obtained at 2, 3, and 4 weeks and during
weeks 5–8 (Table 3). Both SARS-CoV-2 PCR positive par-
ticipants in the bromhexine treatment group continued the
intake of the drug until two consecutive negative tests.

Among 9 persons with a positive PCR test, 4 were
asymptomatic (2/25 in the treatment group and 2/25 in the
control group; P> 0.05). Five participants from the control
group had infection symptoms: only respiratory virus in-
fection symptoms in 3 persons and pneumonia in 2. All
participants with respiratory symptoms were positive for
SARC-CoV-2 and were compatible with confirmed COVID-
19 per the U.S. case definition.

Taking together, symptomatic COVID-19 was diagnosed
in the control group only: no cases in the treatment group (0/
25) vs. 5/25 cases in the control group, P � 0.02.
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3.4. Adherence and Safety. Missed days of bromhexine in-
take were reported by 4 participants, the duration of
skipped treatment was 1–4 days. One participant who
missed two days of drug intake had a positive SARS-CoV-2
PCR test (asymptomatic case). It was impossible to assess
whether missed drug intake and infection occurred on the
same day.

Two participants reported adverse events possibly re-
lated to bromhexine hydrochloride treatment: a short period
of hot flashes at treatment initiation and transient cough. No
cases of treatment termination or interruption due to ad-
verse events were reported. 'ere were no adverse events in
the control group. No statistically significant difference was
found in the rates of adverse events between the groups.

Table 1: Demographic, clinical, and work characteristics of study participants.

Bromhexine
treatment group Control group Overall P

n 25 25 50 1.00
Age (years) 41.7± 6.9 39.5± 8.2 40.6± 7.6 0.43
Sex, n (% of males) 11 (44%) 10 (40%) 0.78
BMI 25.1± 3.9 23.9± 4.1 24.6± 4.0 0.76
Work within the “red zone,” n (%) 14 (56%) 11 (44%) 25 (50%) 0.41
Comorbidity, n 2 1 3 0.82
ACEi2 inhibitors/ARA treatment, n 1 1 2 1.00

Additional pharmacological drugs, n Vitamin
D/C 1 4 5 0.16

Negative serologic test for anti-SARS-CoV-2 IgM and IgG
at baseline 100% 100% 100% 1.00

Time spent in the “red zone,” mean SD; median [IQR]
(hours)

64.1± 69.5; 40 [2;
144]

66.6± 78.2; 20 [3;
160]

66.1± 72.6; 30.0
[2; 144] 0.97

Time spent in the hospital (hours) 145.1± 44.5 143.2± 40.6 144.2± 42.2 0.66
Participants who worked in intensive care units, n 6 6 12 1.00
Participants who worked in repurposed infectious wards
or COVID-19 admission departments, n 12 14 28 0.58

Participants who worked in invasive cardiology/
electrophysiology departments, n 6 4 10 0.49

n, number of participants; BMI, body mass index; ACEi2, angiotensin 2 converting enzyme inhibitors; ARA, angiotensin receptor antagonists; SD, standard
deviation; IQR, interquartile range; PCR, polymerase chain reaction.

2500 persons received a
notification about the study

via an electronic system

62 persons responded
positively

50 persons were randomized

12 persons were not eligible
for the study

25 participants were assigned
to receive bromhexine

hydrochloride

25 participants were assigned
to the control group

4 participants reported
missed drug doses

25 participants completed
the trial

25 participants completed
the trial

150 healthcare providers
were invited personally

Figure 1: Study flowchart.
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No subjects in the control group reported the intake of
the study medication.

4. Discussion

Although generally underpowered, the present study has
several important findings.'e primary combined endpoint,
the rate of positive nasopharyngeal swab PCR tests for
SARS-CoV-2 or symptomatic COVID-19, was similar in
both groups. However, there was a trend towards a lower
rate of the positive swab PCR test in the bromhexine hy-
drochloride treatment group. Importantly, the rate of
clinically significant SARS-CoV-2 infection was statistically
lower in the treatment group (0/25 participants) compared
with the control group (5/25 participants).

Even though the enrollment was terminated prema-
turely, it should be acknowledged that the rates of the
primary outcome in the active treatment and control groups
were equal to those estimated initially (8% vs. 10% and 28%
vs. 30%, respectively). 'is suggests that the primary hy-
pothesis of a 20% reduction in the outcome might be
possible with the prevention treatment. Indeed, the main
outcome presents an important numerical difference but
without reaching statistical significance and should be
interpreted with consideration of the limited sample size.

'e risk of symptomatic and severe COVID-19 depends
on age and comorbidity [20]. Our study population was
generally younger and healthier than in the majority of

COVID-19 studies. However, in a study of postexposure
COVID-19 prophylaxis by hydroxychloroquine, the mean
age and average health status of the participants were
comparable [5]. 'us, for prevention efficacy assessment,
our group can be informative. Moreover, the fact that the
safe and cheap drug showed the risk reduction of symp-
tomatic infection can be important for future larger studies
and practical use.

We used a thorough approach for detecting asymp-
tomatic cases performing nasopharyngeal swab PCR tests
every week of follow-up using the approved methodology
[21].

Two factors increase the value of our study: good ad-
herence, which is significantly higher, compared to generally
published prevention studies, and the high survey response
rate. 'is can be explained by the high motivation and high
awareness of the medical staff.

It should be mentioned that a small number of partic-
ipants used additional medications, including ACE2 in-
hibitors/ARA, or vitamins C and D. No statistical difference
in the use of additional pharmacological treatment was
documented between the groups, and the number of subjects
with additional medications was very small, thus we can
conclude that this aspect had no impact on the study results.
It is plausible that the results may be more robust with a
placebo-controlled group. Due to the organizational diffi-
culties during a limited period of study preparation, the
provision of placebo was impossible.

Table 3: Timeline of positive SARS-CoV-2 tests in both groups.

Days
1–7

Days
8–14

Days
15–21

Days
22–28

Weeks
5–8 Total

Number of participants with a positive PCR test
Treatment
group 0/25 1/25 1/24 0/23 0/23 2/25

Control group 0/25 2/25 3/23 1/20 1/19 7/25

Number of participants with clinical symptoms of
respiratory infection

Treatment
group 0/25 0/25 0/25 0/25 0/25 0/25

Control group 0/25 0/25 2/25 3/23 0/20 5/25
Numbers of subjects with an outcome are divided by the number of subjects at risk. 'ree patients developed clinical symptoms after positive PCR test in the
previous period (days 8–14 and days 15–21). P> 0.05 for each period of follow-up.

Table 2: Study outcomes: positive PCR tests and COVID-19.

Bromhexine treatment
group

Control
group Overall P

n 25 25 50 1.00
Primary outcome (positive PCR test or
COVID-19) 2 7 9 0.07

Positive SARS-CoV-2 PCR test, n 2 7 9 0.07
Asymptomatic 2 2 4 1.00
Symptomatic 0 5 5 0.02

COVID-19 moderate, n 0 3 3 0.08
COVID-19 severe with hospitalization,
n 0 2 2 0.16

Drug nonadherence
Missed doses of bromhexine, n 4 — — —

Number of missed bromhexine doses,
median [IQR] 6 [5.25; 7.5] — — —

Adverse events, n 2 0 2 0.16
n, number of participants; IQR, interquartile range; PCR, polymerase chain reaction.
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Although all healthcare workers were instructed to wear
protective masks and medical gloves outside the hospital, we
cannot exclude that some of the participants might have
been infected outside the hospital or during direct com-
munication within the community during rest and meals.
However, if bromhexine hydrochloride prevention is ef-
fective, it should be effective anywhere.

It is generally believed that the risk of infection is lower
when the staff uses PPE as appropriate. 'us, further re-
duction of clinically significant cases can be an argument for
the implementation of this approach into clinical practice,
even before obtaining better evidence.

In a recently published randomized study of bromhexine
hydrochloride treatment in patients hospitalized with
COVID-19, the authors have shown that the early admin-
istration of oral bromhexine reduces the intensive care unit
transfer, intubation, andmortality rate [15]. In another small
open-label randomized study, where 18 patients with
COVID-19 were included, bromhexine hydrochloride
treatment has been shown associated with a trend towards
the improvement in chest computed tomography, the need
for oxygen therapy, and discharge rate within 20 days [22].
In this study, a much higher drug dosage was utilized (32mg
t.i.d.). Of note, subjects were patients with confirmedmild or
moderate COVID-19 disease, while in our study, healthy
subjects were given the medication for prophylactic pur-
poses. We have chosen a lower dose of the drug (8mg t.i.d.)
according to previous research demonstrating its efficacy
[8, 15]. A higher Bromhexine hydrochloride dose might be
associated with a higher rate of adverse events, but this
assumption is speculative. Although hypothesis regarding
the positive effects of bromhexine on viral penetration into
cells in noninfected subjects differs from the background
presented in the two latter studies, these investigations
support the assumption of positive effects of the drug against
SARS-CoV-2.

Whether the prophylactic use of bromhexine hydro-
chloride against SARS-CoV-2 infection in the general
population is effective is a separate question that should be
answered in larger-scale randomized trials.

4.1. Study Limitations. 'e major limitation of the present
study is the small number of participants. 'e initial esti-
mation of the sample size was higher, but the enrollment was
ceased earlier due to the reasons declared in the Methods
section. On the other hand, the sample size was sufficient to
demonstrate the significant difference in secondary out-
comes between the groups.

Another limitation is the lack of sequential serologic
testing, which we considered less informative due to a very
short study period.

It should be mentioned that safety and side effects data
from self-reports are probably limited. 'eoretically, there
was a risk of crossover between the groups; however, no
evidence of at least one crossover was found.

Additionally, there was no objective supervision of how
and where the drugs were taken, only weekly surveys were
distributed and collected from participants via electronic

facilities; therefore, we were not able to provide any direct
observation of the therapy, and the validity of the inter-
vention could not be completely verifiable.

In contrast to the previous study by Li et al. [22], we did
not assess potential effects of Bromhexine hydrochloride on
COVID-19-related lung or hepatic injury, since the per-
centage of patients with overt disease was small.

5. Conclusions

In this randomized single-centre open-label study, brom-
hexine hydrochloride prophylactic treatment was associated
with a reduction in the rate of symptomatic COVID-19
among medical personnel. However, the primary combined
outcome, the rate of a positive nasopharyngeal swab PCR
test, and/or COVID-19 did not reach a statically significant
difference.

Although generally underpowered, this study suggests
that bromhexine hydrochloride may offer clinical value
when taken as a prophylactic treatment.

Data Availability

Individual subject data used to support the findings of this
study are available from the corresponding author upon
request.

Additional Points

Highlights. (i) Bromhexine hydrochloride is a TMPRSS2
protease blocker that is thought to preclude the penetration
of SARS-CoV-2 into cells; (ii) prophylactic treatment with
bromhexine hydrochloride reduces the rate of clinical in-
fection among medical workers who manage patients with
COVID-19.
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