Open access

Protocol

Helen Tang  ,1 Lauren Bohannon,2 Meagan Lew,2 David Jensen,1 Sin-Ho Jung,1
Aaron Zhao,3 Anthony D Sung,2 Paul E Wischmeyer4

To cite: Tang H, Bohannon L,
Lew M, et al. Randomised,
double-b lind, placebo-controlled
trial of Probiotics To Eliminate
COVID-19 Transmission in
Exposed Household Contacts
(PROTECT-EHC): a clinical
trial protocol. BMJ Open
2021;11:e047069. doi:10.1136/
bmjopen-2020-047069
►► Prepublication history for
this paper is available online.
To view these files, please visit
the journal online (http://dx.doi.
org/10.1136/bmjopen-2020-
047069).

ADS and PEW contributed
equally.
Received 17 November 2020
Revised 19 April 2021
Accepted 20 April 2021

© Author(s) (or their
employer(s)) 2021. Re-use
permitted under CC BY-NC. No
commercial re-use. See rights
and permissions. Published by
BMJ.

ABSTRACT
Introduction The COVID-19 pandemic has proven to be
an unprecedented challenge to worldwide health, and
strategies to mitigate the spread and severity of COVID-19
infection are urgently needed. Emerging evidence
suggests that the composition of the gut microbiome
and modification of microbial ecology via probiotics
can affect susceptibility to a wide range of infections,
including respiratory tract infections. In this study, we
aim to evaluate the effects of the probiotic Lactobacillus
rhamnosus GG (LGG) versus placebo on COVID-19
infection status and the gut microbiome in subjects with a
household contact who has tested positive for COVID-19.
Methods and analysis In this double-blinded,
randomised, placebo-controlled trial, we will randomise
1132 subjects having a household contact who has
recently (≤7 days) tested positive for COVID-19 to daily oral
LGG or placebo for 28 days. We hypothesise that taking
LGG as a probiotic will protect against COVID-19 infection
and reduce the severity of disease in those who become
infected (primary endpoint: decreased symptoms), and will
be associated with beneficial changes in the composition
of the gut microbiome. Stool samples and nasal swabs
will be collected to evaluate the microbiome by 16S rRNA
sequencing and the presence of SARS-CoV-2 by PCR,
respectively. We will also conduct multivariate analysis of
demographic, behavioural, temporal, and other variables
that may predict development of symptoms and other
outcomes.
Ethics and dissemination This trial is conducted under
a Food and Drug Administration Investigational New Drug
for LGG, has received ethics approval by the institutional
review board of Duke University and enrolment has begun.
We plan to disseminate the results in peer-reviewed
journals and at national and international conferences.
Trial registration number NCT04399252.
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INTRODUCTION
The SARS-CoV-2 (COVID-19) pandemic has
significantly altered global public health,

Strengths and limitations of this study
►► This is the first randomised controlled trial evaluat-

ing the effect of the probiotic Lactobacillus rhamnosus GG (LGG) in preventing COVID-19 transmission
and symptom development in exposed household
contacts.
►► Even if we do not meet our primary endpoint, our
microbiome studies and analytical approach will allow us to identify aspects of microbiota composition
that may identify risk of COVID-19 infection; predict
if some but not others may respond to LGG and
shape our fundamental understanding of the effect
of COVID-19 on microbial ecology.
►► In the interest of preserving social distancing, study
procedures are entirely remote, thus consent and
questionnaires are online, and study product and
sample collection materials are mailed directly to
subjects’ homes with all samples self-collected and
returned via mail.
►► This remote model allows us to enrol patients across
the USA, even though we are based out of a single
institution.

with over 141 million cases and over 3 million
deaths worldwide as of 19 April 2021. Strategies are urgently needed to mitigate the
spread and severity of COVID-19 infection.
In several recent studies, COVID-19 severity
has been associated with increased levels
of inflammatory cytokines,1–3 presenting a
potential target for intervention.
One potential method is via optimisation
of the gut microbiome. The human body
is a unique ecosystem made up of human
and microbial cells; in fact, microbial cells
outnumber human cells,4 and these microbes
(microbiota) play a critical role in human
health and disease.5 Manipulation of the
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such as H1N1 influenza infection via modulation of antiviral gene expression,20 increased expression of toll-like
receptors, and reduced secretion of inflammatory cytokines and chemokines21 in mice receiving Lactobacillus.
These clinical and laboratory reports suggest a potent
immunomodulatory role for Lactobacillus probiotic therapies in preventing or attenuating COVID-19. We chose to
study LGG in particular given its success in the previous
in vivo studies and clinical trials discussed above.
To better understand how LGG may affect the risk of
COVID-19 transmission, we are conducting a randomised
clinical trial of LGG versus placebo in COVID-19-exposed
household contacts (EHCs). We have chosen to focus on
this population given the high risk of infection, which
has been estimated at 10%–20% in recent reports22–24;
here, we conservatively anticipate that 10.5% of these
individuals will develop symptomatic COVID-19 in the
absence of LGG intervention. Longitudinal collection of
stool and nasal samples will allow us to evaluate trends in
the microbiome and monitor COVID-19 infection status,
respectively. Most clinical trials employing probiotics
focus on clinical outcomes but lack quantitative microbiome data. However, LGG has been associated with
changes in microbiota composition in mouse studies,25 26
and human studies of other Lactobacillus spp have demonstrated that probiotic administration significantly alters
the gut microbiota27 28; therefore, further studies such as
ours are needed to elucidate its effects of LGG specifically on the human microbiome. In the interest of social
distancing, we are employing a novel approach to conduct
the study entirely remotely; this also allows us to recruit
participants nationally across the USA. Overall, this study
has the potential to significantly impact our approach
to combating the COVID-19 pandemic in the USA and
worldwide and contribute to the design of future probiotic therapies for COVID-19 and other infections.

METHODS AND ANALYSIS
Study design
This is a double-blinded, randomised, placebo-controlled
trial conducted at Duke University Hospital, an academic
medical centre in Durham, North Carolina. This trial has
been developed according to the Standard Protocol Items:
Recommendations for Intervention Trials 2013 statement.29 Enrolment began in June 2020 and is expected to
last until May 2022. We are actively recruiting other sites;
interested parties should contact PROTECT-EHC@duke.
edu, Paul.Wischmeyer@duke.edu or Anthony.Sung@
duke.
edu to discuss potential collaboration. Figure 1
outlines the study design and timeline.
Eligibility
Inclusion criteria
1. Age ≥1 year (as children<1 year may not be able to take
oral probiotics).
2. Household contact of someone diagnosed with
COVID-19.
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gut microbiota through probiotics (live bacteria that are
typically formulated in capsules for ingestion) has been
shown to modulate the immune system and improve
infectious outcomes, and is already well known to modulate the human inflammatory response, immune system,
and infectious risk and outcomes.6 Emerging evidence
suggests that the gut microbiota may likewise affect the
risk of COVID-19 transmission and influence the severity
and duration of symptoms7; therefore, modulation of gut
microbiota through probiotic administration is a promising strategy for prophylaxis against and mitigation of
COVID-19.
Probiotics have been shown to improve a wide variety
of infectious outcomes, including sepsis, ventilatory-
associated pneumonia (VAP) and lower respiratory
tract infections.6 8 A recent large trial in Nature reported
that full-term healthy infants randomised to a synbiotic
Lactobacillus intervention had a 40% reduction in sepsis
or death from 9.0% (placebo) to 5.4% (Lactobacillus)
(p<0.001),9 10 including a 34% reduction in lower respiratory tract infections with Lactobacillus (p=0.002). Likewise, a recent Cochrane meta-analysis of >3000 healthy
subjects found that acute upper respiratory tract infections were decreased by 47% (p<0.001) with probiotics
versus placebo; infection duration and antibiotic prescriptions were also decreased.11 These findings of decreased
severity of illness are further supported by a second meta-
analysis of >3000 healthy subjects who showed shorter
illness episodes and fewer numbers of days absent from
day care/school/work with probiotics versus placebo.12
In patients already hospitalised or in an intensive care
unit, a recent National Institutes of Health-funded study
of Lactobacillus rhamnosus GG (LGG) prophylaxis against
VAP showed a 50% reduction with LGG versus placebo
(40.0% vs 19.1%; p=0.007).13 Similarly, a meta-analysis by
our group of ~3000 intensive care unit patients showed
a 26% reduction in VAP and 20% reduction in overall
infections with probiotics versus placebo, particularly in
patients with a greater acuity of illness.14
Our group’s work, along with that of others, has shown
that these improvements in clinical outcomes may be
mediated by the effects of probiotics on the immune
system and intestinal/lung barrier function. Our experimental pneumonia and infection studies have shown
probiotics such as LGG can improve intestinal homeostasis, increase regulatory T-
cells, normalise protective
mucin production and decrease pro-inflammatory cytokines.15–18 Implications include improved survival from
pneumonia, decreased markers of the systemic inflammatory response and reduced histopathological signs
of lung injury in mice receiving LGG versus placebo.16
These protections may be related to increases in regulatory T-cells,16 which play a key immunoregulatory role in
improving pneumonia outcomes by reducing lung injury
through attenuation of excessive inflammatory injury19
resulting from infections, such as is thought to occur
with COVID-19. Reports from other groups demonstrate
specific protection against viral respiratory tract infections
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3. Willingness to stop taking other probiotics or to not
take any other probiotic while on LGG/placebo (taking a probiotic at the time of screening will not be considered a reason for exclusion; however, subjects will
be asked to stop taking their probiotic if they enrol on
the study).
4. Access to email/internet to complete electronic consent (e-consent) via REDCap.
Exclusion criteria
1. Symptoms of COVID-19 at enrolment, including fever,
respiratory symptoms (eg, cough, dyspnoea), gastrointestinal symptoms, anosmia, ageusia.
2. >7 days since original patient (index patient) associated with household contact had first positive COVID-19
test.
3. Taking hydroxychloroquine or remdesivir for any reason (as this would have the potential to decrease the
expected rate of COVID-19 in this population and affect our power and sample size calculations).
4. Enrolled in a COVID-19 prophylaxis study (as this
would have the potential to decrease the expected rate
of COVID-19 in this population and affect our power
and sample size calculations).
5. Any medical condition that would prevent taking oral
probiotics or increase risks associated with probiotics
including but not limited to inability to swallow/aspiration risk and no other methods of delivery (eg, no
gastrostomy/jejunostomy tube), increased infection
risk due to immunosuppression (eg, due to chronic
immunosuppressive medication, prior organ or haematopoietic stem cell transplant, known neutropenia
with absolute neutrophil count <500 cells/µL, HIV
Tang H, et al. BMJ Open 2021;11:e047069. doi:10.1136/bmjopen-2020-047069

with CD4 <200 cells/µL), increased infection risk due
to endovascular risk factors (eg, rheumatic heart disease, congenital heart defect, mechanical heart valves,
endocarditis, endovascular grafts, permanent endovascular devices), increased infection risk due to mucosal
incompetence (eg, gastro-oesophageal or intestinal injury including active bleeding, surgery of the oesophagus, stomach, small or large bowel, liver, gallbladder,
hepatobiliary tree, spleen, or pancreas within 72 hours,
suspected or documented ischaemic gut, severe acute
pancreatitis).
6. Unable to read and follow directions in English or
Spanish (as this study is being done remotely, any subject who cannot consent on their own/needs a witness
to help them consent will be excluded).
7. Prisoners and institutionalised individuals (as the definition of ‘household contact’ would have a very different meaning in this setting).
Recruitment, screening and consent
Potential subjects may be approached in two ways.
First, study coordinators identify Duke Health patients
newly diagnosed with COVID-19 through the Duke
Epic dashboard and call them to obtain their assent to
contact their EHCs; following assent, we then call those
EHCs (potential subjects). For COVID-19-
positive
patients who are unable to provide assent (eg, intubated with COVID-19) and for whom we are unable
to contact their legal representative, we have a waiver
to approach emergency contacts listed in the electronic medical record to identify household contacts.
Second, potential subjects may hear about our study
through flyers, social media platforms (https://www.
3
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Figure 1 Study design and timeline. Adh, adherence to treatment; C19R, COVID-19-related event reporting; D, demographics;
EHx, exposure history; HRF, household risk factors; LGG, Lactobacillus rhamnosus GG; Meds, medications; MHx, medical
history; Sx/AE, symptoms/adverse events.
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Randomisation
After consent/assent, subjects are randomised using a
permuted block randomisation technique (to ensure
rolling balance between treatment arms) to receive
either (1) LGG or (2) placebo in a 1:1 ratio. Both
subjects and study coordinators are blinded to the
intervention; our statistician generates the randomisation key and only the pharmacist dispensing the study
product has access to this key. Product is dispensed
via Federal Express overnight delivery. Both LGG and
placebo come in indistinguishable foil packaging and
as indistinguishable capsules to maintain blinding.
Subjects may be unblinded if deemed medically necessary by their provider and the study principal investigator (PI).

Trial intervention
Subjects will take LGG or placebo once daily for 28 days
starting from receipt of the study package. LGG, made by
Culturelle (an i-Health and DSM subsidiary), comes in
capsules each containing 10 billion colony-forming units
of LGG (ATCC 53103). Placebo, also made by Culturelle,
is made of microcrystalline cellulose, a common food
additive used as a bulking agent in food preparation
and vitamin supplements, that comes in capsules that
contain 325 mg of microcrystalline cellulose. Subjects
aged ≥5 years will be instructed to take two capsules per
day, ideally taken together at the same time. Subjects aged
<5 years will be instructed to take one capsule per day.
Both LGG and placebo come as encapsulated powders;
capsules may be opened and powder mixed with food
or drink (eg, adding to water or apple sauce), with the
exception of hot beverages that may inactivate LGG.
Patients who develop symptoms of COVID-19 and/or
are diagnosed with COVID-19 are instructed to consult
with their primary care physician and continue taking the
study product unless otherwise directed.
Data collection
Using electronic questionnaires, data on demographics,
medical history, household risks and infection details of
index patient are collected upon enrolment; and data
on medications, adherence, COVID-19 exposures, symptoms, adverse events (AEs)-related and COVID-19-related
events are collected throughout the study (table 1).
Subjects are instructed to document the date and time of
the index patient’s positive COVID-19, date of symptom
onset of the index patient and whether the index patient
was hospitalised at testing. If available in the medical
record, we will also document the COVID-19 strain of

Table 1 Study assessments and timing
Domain

Assessment

Time point

Rationale

Questionnaires

Demographics
Medical history

D0
D0

To be used in multivariate analysis
To be used in multivariate analysis

Household risk factors

D0

To be used in multivariate analysis

Medications

D0, D28, D60

To be used in multivariate analysis

Exposure history

D0, D7, D14, D21,
D28, D60

To be used in multivariate analysis

Symptoms/adverse events

D0, D7, D14, D21,
D28, D60

Monitor safety

Microbiota

4

COVID-19-related event reporting D7, D14, D21, D28,
D60

To be used in multivariate analysis

Adherence to treatment

D7, D14, D21, D28

To be used in multivariate analysis

Study arm (patients’ self-
assessment of to which arm they
were randomised)

D28

To be used in multivariate analysis

Stool collection (OMNIgene-GUT
kit)
Nasal swab collection

D0, D7, D28

Gut microbiota analysis

D0, D7, D28

COVID-19 infection status
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facebook.com/protectehc/), or our dedicated study
website (https://sites.duke.edu/protectehc/) and
reach out to us directly.
Once identified, potential subjects complete an
online self-screening form in REDCap; if eligible, they
continue to the e-consent form in a second REDCap
survey. They are given ample time to review the consent,
which provides information about the purpose of the
research, methods, potential risks and benefits, subject
concerns and other study-related matters, though the
consent notes an exclusion criterion of >7 days since
the original patient (index patient) was diagnosed
with COVID-19. Subjects <18 years may participate if
their parent or legal guardian provides permission/
consent, including willingness to administer LGG/
placebo if necessary. Subjects aged 6–12 years need to
be informed that they are participating in the study
and subjects aged 12–18 years additionally need to
provide assent.
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Clinical outcomes
Primary endpoint
The primary endpoint of this study is the incidence of
symptoms of COVID-19, including: fever, chills, headache, muscle aches, runny nose, sore throat, cough, shortness of breath, nausea or vomiting, diarrhoea, stomach
upset or pain, excessive bloating or gas, constipation, loss
of sense of smell, loss of sense of taste, rash, painful toes
or other symptoms related to COVID-19 diagnosis.
Secondary endpoints
confirmed
Secondary endpoints include: laboratory-
COVID-19 (all based on medically dictated, clinical
testing and electronic medical record review); research
laboratory-confirmed COVID-19 (all based on research
testing of nasal swab and stool samples); asymptomatic
confirmed COVID-19; asymptomatic
clinical laboratory-
research laboratory-
confirmed COVID-19; symptomatic
clinical laboratory-
confirmed COVID-19; symptomatic
research laboratory-confirmed COVID-19; complications
of COVID-19 (eg, need for hospitalisation, intubation,
mortality); types of symptoms and duration of symptoms. In patients who develop COVID-19, we will review
medical records and analyse other clinical variables such
as inflammatory markers. We will look at the incidence
of these events through day 28 and also through day 60.
Analysis of microbiome data with our novel bioinformatics tools and software will additionally allow us to evaluate the interaction between COVID-19, LGG and the
microbiome, specifically:
1. The impact of LGG on intestinal bacterial diversity
(ie, comparing longitudinal changes in subjects who
do not develop COVID-19 and receive LGG versus
Tang H, et al. BMJ Open 2021;11:e047069. doi:10.1136/bmjopen-2020-047069

2.

3.

4.

5.

subjects who do not develop COVID-19 and receive
placebo.
If there are baseline (D0) differences in the microbiome of subjects who develop COVID-19 versus those
who do not (ie, a microbiome signature that may be
protective against COVID-19).
If there are changes in the microbiome during infection in subjects receiving placebo who develop
COVID-19 versus those who do not (ie, the effect of
COVID-19 on the microbiome).
If there are longitudinal changes between subjects receiving LGG who develop COVID-19 versus those who
do not (ie, how LGG may impact the microbiome to
protect against COVID-19).
How these results are affected by demographic (eg,
age, gender), behavioural (eg, shared bed, hours spent
together), temporal and other factors.

Adverse events
This is a minimal risk study that involves the use of a
commercially available dietary supplement, and we
do not anticipate any AEs related to the study product
beyond the potential for bloating or excessive gas if taken
in excess (beyond recommended dosing). However,
because subjects have been exposed to COVID-19 prior
to enrolment, they are at risk of developing COVID-19.
Therefore, we will monitor AEs and serious AEs (SAEs).
Subjects are asked to fill out a symptom questionnaire at
each time point (table 1) and are instructed to contact a
study team member if any side effects occur; permission
to reach out to emergency contacts has been requested
in the case subjects are not responsive. The PIs of this
study will continuously monitor the conduct, data and
safety of this study, including monitoring and tabulating
AEs. AEs will be assessed according to the Common
Terminology Criteria for Adverse Events (CTCAE) V.4.0;
if CTCAE grading does not exist for an AE, severity will
be graded as mild (1), moderate (2), severe (3), potentially life-
threatening (4) or fatal (5). Additionally, all
AEs are graded based on likelihood of being related to
the study intervention. All SAEs will be reported to the
Duke University Health System (DUHS) Institutional
Review Board (IRB) within 24 hours for potentially life-
threatening events and within 5 business days for non-
potentially life-
threatening events. If an unexpected
frequency of grade III or IV events occurs, appropriate
actions will be taken, including protocol amendment,
dose de-
escalation or potentially closure of the study.
Additionally, we will conduct an interim analysis when
COVID-19 symptom data are available from 538 patients
(269 per arm); we will stop the trial at this time if the LGG
arm has a higher incidence of COVID-19 symptoms than
the placebo arm.
Statistical analysis
Power and sample size considerations
With 1076 subjects (538 per arm), the Χ2 test with one-
sided alpha=5% has 80% power to detect a 40% reduction
5
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the index patient. Additionally, we request permission to
access subject medical records to confirm events (eg, if a
study subject is diagnosed with COVID-19, admitted, intubated, etc).
Subjects self-
collect and send nasal swabs and stool
samples at day 0 (baseline, before starting probiotic), day
7 and day 28. They are provided with ORAcollect-RNA
and OMNIgene-GUT collection kits for nasal and stool
samples, respectively. Both kits contain an RNA preservative which maintains the integrity of the sample for up
to 60 days at ambient temperatures. The sample tubes
are mailed back to study coordinators in the provided
prepaid return packaging and frozen at −80°C for batch
analyses.
To ensure data security, electronic records of subject
data will be maintained using a dedicated Microsoft
Access Database, which is housed in an encrypted and
password-
protected Duke Cancer Institute (DCI) file
server. Completed case report forms and demographic
information will be stored and updated in REDCap.
Access to electronic databases will be limited to study
staff and clinical staff supporting the subject’s care. The
DCI and/or Duke Medicine will manage the security and
viability of the information technology infrastructure.
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Data and statistical analysis
The primary endpoint of this study is the incidence of
symptoms of COVID-19 in the LGG versus placebo arm
after 28 days. Incidence rates will be compared by Χ2 test,
using intention-to-treat methodology.
Secondary endpoints include clinical laboratory-
confirmed COVID-19 (all based on clinical testing and
electronic medical record review), research laboratory-
confirmed COVID-19 (all based on research testing
of nasal swab and stool samples), asymptomatic clinical laboratory-
confirmed COVID-19, asymptomatic
research laboratory-
confirmed COVID-19, symptomatic
clinical laboratory-
confirmed COVID-19, symptomatic
research laboratory-confirmed COVID-19, complications
of COVID-19 (eg, need for hospitalisation, intubation,
mortality), types of symptoms and duration of symptoms.
We will look at the incidence of these events through day
28 and through day 60. We will also conduct multivariate
analysis using the logistic regression method to adjust for
demographic, behavioural (eg, shared bed, hours spent
together), temporal, and other variables that may predict
development of symptoms and other outcomes.
We will additionally compare the impact of LGG versus
placebo on microbiome diversity, as well as the impact
of COVID-19 on the microbiome and the impact of the
microbiome on development of COVID-19. For microbiome analyses, stool swabs will be analysed using PCR and
16S rRNA sequencing as we have previously described.32
Briefly, we will sequence 16S rRNA using the Illumina
HiSeq platform and analyse the data using the Qiime
script package with parallel processing. Sequencing data
will be de-
noised and clustered using USEARCH and
aligned to the 16S rRNA gene, using the align.seqs.py
wrapper with the PyNAST algorithm and Greengenes
6

reference alignment. Based on these results, we will calculate diversity (SI and Chao1) and construct phylogenetic
trees using computational analysis software. SI will be
compared using unpaired two-sided Student’s t-tests with
a more stringent cut-off of 0.0125 given multiple comparisons by the Bonferroni correction for four time periods
of independent comparisons. Changes in specific bacterial families of interest will be compared using a two-sided
Student’s t-test, with normality confirmed by D’Agostino
and Pearson omnibus test with p≤0.05. All other comparisons will be done using two-sided Mann-Whitney tests.
The R packages vegan,33 phyloseq,34 APE,35 randomForest36 and arules37 will be used for identification of
associative patterns between taxa most associated with
LGG versus placebo or COVID-19 versus no COVID-19
and other metadata. Comparisons may be made between
intraindividual samples (eg, D0 (baseline) vs D7 or D0
(baseline) vs D28) as well as between arms (eg, average
diversity at D7 of subjects receiving LGG vs subjects
receiving placebo; change in diversity (D0 vs D28) of
subjects who develop COVID-19 vs subjects who do not
develop COVID-19).
Patient and public involvement
Household contacts exposed to COVID-19 were involved
in the development and conduct of this clinical trial
protocol.

DISCUSSION
COVID-19 is a unique and novel challenge that does
not yet have a vaccine, treatment or cure. Among the
multitude of strategies under development (testing,
vaccination, antivirals, immunomodulatory agents,
apps), little is known about the potential for probiotics
and the microbiome to impact COVID-19 transmission.
Because probiotics are known to have protective effects
in other infectious settings (including upper and lower
respiratory tract infections, VAP, sepsis and death),6 38
we are conducting the first double-blinded, randomised,
placebo-controlled trial to evaluate the effect of the probiotic LGG on development of symptomatic COVID-19 in
EHCs. Microbiome sampling will further allow us to evaluate interaction between COVID-19 infection and clinical
outcomes, LGG and the microbiome; specifically, impact
of LGG on the microbiome on COVID-19 infection,
symptomatology and clinical complications; differences
in baseline microbiome predicting risk of COVID-19
infection (ie, protective microbiome signature); effect of
COVID-19 infection on changes in microbiome; impact
of LGG on microbiome in EHC at high risk of COVID-19
and how results are affected by covariates.
The remote design of the study allows us to preserve
social distancing; in addition, it allows us to recruit nationally while keeping study costs low. However, this does
present the limitation of dependence on self-collection
of samples. Encouragingly, our extensive experience with
self-collection of stool39 and studies such as the American
Tang H, et al. BMJ Open 2021;11:e047069. doi:10.1136/bmjopen-2020-047069
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in the rate of COVID-19 from 10.5% (attack rate in household contacts based on Centers for Disease Control and
Prevention reports)22 to 6.3%. The 40% relative reduction is estimated from data showing 30%–50% reduction in respiratory infections with LGG.9 10 30 31 As above,
we will conduct an interim analysis when COVID-19
symptom data are available from 538 patients (269 per
arm) and will stop the trial if the LGG arm has a higher
incidence of COVID-19 symptoms than the placebo arm
(a simulation study shows that the impact of the interim
analysis is negligible in overall alpha level and power).
Using two-sample t-tests to investigate the difference in
microbiome compositional profiles between the LGG
and placebo arms, enrolment of 1076 subjects (538 per
arm) also achieves about 90% power at 5% alpha level to
detect a difference in the alpha diversity equal to 1/5 of
the SD within arms; for example, assuming that Shannon
Diversity Index (SI) in the controls has mean at about
3 and SD about 0.5, then we are able to detect a difference in the mean SI for the LGG arm if it is <2.9 or >3.1.
Because subjects may withdraw from the study early or be
lost to follow-up, we will account for up to 5% attrition
and plan to enrol 1132 subjects (566 per arm).
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ETHICS AND DISSEMINATION
This trial is conducted under a Food and Drug Administration Investigational New Drug for LGG and has been
approved by the IRB of Duke University. This protocol was
designed and will be conducted and reported in accordance with the International Conference on Harmonization Harmonized Tripartite Guidelines for Good Clinical
Practice, the Declaration of Helsinki, and applicable
federal, state and local regulations.
We plan to disseminate the results in peer-
reviewed
journals and at national and international conferences.
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