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suspected episodes. A serological test was obtained 
from all participants at the end of the intervention. 
The main outcome included symptomatic and asymp-
tomatic cases. A sub-analysis explored the time to 
symptomatic infection. Secondary outcomes were 
the severity, frequency, and duration of symptomatic 
infection. The study was prematurely cancelled due 
to the availability of vaccines against SARS-CoV-2 
in Peru. 209 participants were enrolled and rand-
omized, 104 received bLF and 105 placebo. SARS-
CoV-2 infection occurred in 11 (10.6%) participants 
assigned to bLF and in 9 (8.6%) participants assigned 
to placebo without significant differences (Incidence 
Rate Ratio = 1.23, 95%CI 0.51–3.06, p-value = 0.64). 
There was no significant effect of bLF on time to 
symptomatic infection (Hazard Ratio = 1.61, 95%CI 
0.62–4.19, p-value = 0.3). There were no significant 

Abstract Lactoferrin (LF) has in  vitro antiviral 
activity against severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2). This study aimed to 
determine the effect of bovine lactoferrin (bLF) in 
the prevention of SARS-CoV-2 infection in health 
care personnel. A randomized, double-blinded, pla-
cebo-controlled clinical trial was conducted in two 
tertiary hospitals that provide care to patients with 
SARS-CoV-2 infection in Lima, Peru. Daily supple-
mentation with 600 mg of enteral bLF versus placebo 
for 90 days was compared. Participants were weekly 
screened for symptoms suggestive of SARS-CoV-2 
infection and molecular testing was performed on 
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differences in secondary outcomes. A significant 
effect of bLF in preventing SARS-CoV-2 infection 
was not proven. Further studies are needed to assess 
the effect of bLF supplementation on SARS-CoV-2 
infection.
Clinical trial registration ClinicalTrials.gov Identi-
fier: NCT04526821, https:// clini caltr ials. gov/ ct2/ 
show/ NCT04 526821? term= LACTO FERRI N& 
cond= COVID- 19& cntry= PE& city= Lima& draw= 
2& rank=1.

Keywords Lactoferrin · SARS-CoV-2 · Health care 
personnel · Prevention · Clinical trial

Introduction

The current pandemic by severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2) has led to 
more than 200 million COVID-19 cases and around 
4.3 million deaths worldwide until August 14th, 
2021 (COVID-19 Map—Johns Hopkins Coronavirus 
Resource Center 2021). Despite the current avail-
ability of some vaccines, access to vaccines is lim-
ited, especially in low and middle-income countries 
and the long-term immunity is not completely under-
stood (Figueroa et  al. 2021); therefore, interventions 
are needed to prevent COVID-19. Health care work-
ers are at higher risk of developing COVID-19 and 
transmitting it to their households (Shah et al. 2020). 
Therefore, it is fundamental to develop interventions 
to prevent COVID-19 in this key population.

Lactoferrin (LF) is an iron-binding protein found 
in most mammal’s exocrine secretions. LF has sev-
eral mechanisms to protect against viral infections; 
it improves the immune system by activating Natu-
ral Killer cells and promotes Interferon production 
(Legrand 2016). LF has demonstrated in vitro activ-
ity against enveloped and non-enveloped viruses pre-
venting their entry to target human cells by binding to 
heparan sulfate receptors or by interacting with other 
viral particles during the early stages of infection 
(Berlutti et al. 2006; Beljaars et al. 2004; Drobni et al. 
2004; Marchetti et al. 2004; Superti et al. 2001; Ishi-
kawa et al. 2013; Di Biase et al. 2003). Some clinical 
studies have described positive effects of LF against 
upper respiratory tract infections such as a decrease 
in the incidence of upper respiratory tract infections 
and a decrease in the incidence and the duration of 

symptoms of common colds (Chen et  al. 2016; Oda 
et al. 2020; Vitetta et al.2013).

Regarding SARS-CoV-2 infection, in  vitro stud-
ies suggest that LF can be beneficial by inhibiting 
the fusion of spike proteins with the angiotensin-
converting enzyme 2 (Lang et al. 2011). Furthermore, 
the uncontrolled inflammatory response of some 
COVID-19 patients alters iron homeostasis and leads 
to poor prognosis, which could be improved by the 
iron-binding properties of LF. Preliminary studies in 
humans describe a 150-fold increase in LF produc-
tion among COVID-19 patients compared to non-
infected controls, which suggests that LF might play 
an important role in the immune response against 
SARS-CoV-2 (Reghunathan et al. 2005). A prospec-
tive observational study in Spain reported a decrease 
in COVID-19 symptoms after supplementation with 
liposomal LF; however, there was no control group in 
this study (Serrano et al. 2020).

The evidence of in vitro and observational studies 
is encouraging; however, no results from randomized, 
placebo-controlled clinical trials have been reported 
(Chang et  al. 2020). The present trial (LF-COVID) 
aims to determine the effect of bovine LF (bLF) in the 
prevention of symptomatic or asymptomatic SARS-
CoV-2 infection in hospital workers from two tertiary 
health care centers providing care to SARS-CoV-2 
infected patients in Lima, Peru.

Methods

Study design and ethical approval

This study was a randomized, double-blind, placebo-
controlled trial in two general/tertiary hospitals [Hos-
pital Nacional Cayetano Heredia (HCH) and Hospital 
Nacional Arzobispo Loayza (HNAL)] that provide 
care to COVID-19 patients in Lima Peru. The study 
was approved by the ethics committee of Univer-
sidad Peruana Cayetano Heredia, by each hospital, 
and by the Peruvian regulatory institutions. Writ-
ten informed consent was obtained from all patients. 
The protocol is available online (ClinicalTrials.gov: 
NCT04526821).

https://clinicaltrials.gov/ct2/show/NCT04526821?term=LACTOFERRIN&cond=COVID-19&cntry=PE&city=Lima&draw=2&rank=1
https://clinicaltrials.gov/ct2/show/NCT04526821?term=LACTOFERRIN&cond=COVID-19&cntry=PE&city=Lima&draw=2&rank=1
https://clinicaltrials.gov/ct2/show/NCT04526821?term=LACTOFERRIN&cond=COVID-19&cntry=PE&city=Lima&draw=2&rank=1
https://clinicaltrials.gov/ct2/show/NCT04526821?term=LACTOFERRIN&cond=COVID-19&cntry=PE&city=Lima&draw=2&rank=1
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Participants

Eligible participants were hospital workers > 18 years 
old without self-reported symptoms suggestive of 
SARS-CoV-2 infection (cough, fever, dyspnea, rhi-
norrhea) at enrollment. Exclusion criteria were a self-
reported previous diagnosis of SARS-CoV-2 infec-
tion (defined as a positive RT-PCR alone or a positive 
antibody test with presence of suggestive symptoms 
of SARS-CoV-2 infection), untreated arterial hyper-
tension or type 2 diabetes mellitus, BMI > 35, corti-
costeroids or immunosuppressors chronic treatment, 
participating in another clinical trial, a personal his-
tory of allergy to cow’s milk protein and a positive 
IgM, IgG, or RT-PCR for SARS-CoV2 at enrolment. 
The use of any other supplement to prevent SARS-
CoV-2 infection, including ivermectin or chlorine 
dioxide, was not permitted. Study recruitment was 
conducted from October 2020 to February 2021. At 
the beginning of the study, there were no vaccines for 
SARS-CoV-2 available in Peru.

Randomization and masking

Participants were randomly assigned to bLF or pla-
cebo (1:1) after serological and molecular screening 
tests (both tests had to be negative). The randomiza-
tion list was performed in random blocks of 4 by an 
independent statistician (not the researchers). There 
were 6 randomization groups stratified by the 2 par-
ticipating hospitals and 3 professions groups (doctors, 
nursing staff, and technical nursing staff). Obstetri-
cians were included in the pool of nursing staff and 
biologists, medical technologists, and cleaning and 
security staff were included in the technical nursing 
staff group due to similar exposure to SARS-CoV-2.

Bovine lactoferrin or placebo chewable tablets had 
the same color, size, and taste and were delivered to 
the participants in identical pouches for masking, 
according to the sequential order of the randomiza-
tion list. An independent pharmacist did the treatment 
assignment; clinical, research, statistician staff, and 
participants were blinded until the end of the study 
analysis.

Procedures and interventions

We compared twice-daily supplementation with bLF 
versus placebo (maltodextrin), both were provided by 

Morinaga Milk Industry Co from Japan. For 90 days 
enteral bLF or placebo 600 mg/day was self-admin-
istered, participants chewed three 100  mg chewable 
tablets before breakfast and 3 after dinner and the 
residues were swallowed with water. The dose of 
600 mg/day of lactoferrin was chosen based on pre-
vious studies that used between 400 and 600  mg/
day of bLF for prevention of respiratory infections 
(Oda et  al. 2020; Vitetta et  al. 2013). Doses of bLF 
between 200  mg/day to 1.5 g/day have been previ-
ously used without describing any severe side-effect 
(Berthon et al. 2022). The LF chewable tablets were 
of 250 mg and composed of 100 mg of bLF and other 
ingredients (reduced maltose, dietary fiber—indigest-
ible dextrin, maltodextrin and rapeseed hydrogenated 
oil) (Online Appendix  1). Pouches of 90 chewable 
tablets were delivered every 15 days in the follow-up 
visits. During these visits, evaluation of SARS-CoV-2 
suggestive symptoms (fever, fatigue, nonproductive 
cough, anorexia, myalgia, dyspnea, productive cough, 
taste and smell disorders, headache, rhinorrhea, nau-
sea, diarrhea, and abdominal pain), data about expo-
sure to SARS-CoV-2, and compliance data were 
collected. The symptomatic SARS-CoV-2 infection 
surveillance was also assessed by weekly evalua-
tion of SARS-CoV-2 suggestive symptoms through 
phone calls. When participants reported symptoms, 
they were evaluated by two medical doctors simulta-
neously. They classified the symptomatic episode as 
suggestive of SARS-CoV-2 infection or not (defined 
by the Infectious Diseases Society of America Guide-
lines on the Diagnosis of COVID-19) (Hanson et al. 
2020) and decided whether the episode required a RT-
PCR for confirmation. Participants with any symptom 
suggestive of SARS-CoV-2 infection considered as a 
close contact of a COVID-19 positive patient in the 
previous 2  weeks also underwent RT-PCR. We fol-
lowed up the participants with positive RT-PCR every 
3 days until all the symptoms have completely disap-
peared for 3 consecutive days. During this follow-up, 
the start and end date of the symptoms was recorded 
by the clinical staff. Asymptomatic SARS-CoV-2 
infection was assessed by an antibody test performed 
at the end of the intervention (day 90) in patients who 
did not have a positive RT-PCR during follow-up.

Study data were collected and managed using 
Research Electronic Data Capture (REDCap) elec-
tronic data capture tools hosted at Cayetano Heredia 
University (Harris et  al. 2009; 2019). Virological 
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and serological testing was done at the Instituto de 
Medicina Tropical “Alexander Von Humboldt” using 
quantitative real-time RT-PCR and chemilumines-
cence IgM/IgG antibodies test (BioMérieux, Marcy-
l’Etoile, France).

Outcomes

SARS-CoV-2 infection was the primary composite 
outcome, which consisted of either (1) symptomatic 
SARS-CoV-2 infection confirmed by RT-PCR at the 
time of symptoms or (2) asymptomatic SARS-CoV-2 
infection, defined as having a positive antibody (IgM 
and/or IgG) test at the end of the study without having 
symptoms during the follow-up period. A sub-analy-
sis was conducted to analyze the time to symptomatic 
SARS-CoV-2 infection. The secondary outcomes 
were (1) severity of SARS-CoV-2 infection defined 
as asymptomatic, mild, moderate, or severe as catego-
rized by the WHO (2021); (2) presence of symptoms 
of SARS-CoV-2 infection; and (3) duration of the 
symptoms in confirmed SARS-CoV-2 infections. All 
secondary outcomes were collected by participants’ 
follow-up every 3 days until symptoms resolved for 3 
consecutive days.

Sample size and statistical methods

Assuming 20% confirmed SARS-CoV-2 infections 
in the placebo groups, based on international reports, 
and a 5% attrition rate, 168 participants were needed 
in each group to detect a 55% decrease in the COVID-
19 cases (alpha = 0.05; power = 0.80). The study was 
interrupted on February 10th 2021 due to the arrival 
and distribution of the COVID-19 vaccine to hospital 
workers in Peru when we had 209 patients enrolled.

Treatment groups were compared concerning the 
baseline demographic information of the participants 
using Fisher’s exact with a significance level of 0.05. 
We did all analyses on an intention-to-treat (ITT) 
basis with no correction for multiplicity for prespeci-
fied secondary outcomes. Thus, caution is recom-
mended with secondary outcomes that were reported 
as point estimates and 95% Confidence Interval 
(95%CI). To assure randomization balance to obtain 
an unbiased estimate of the causal effect of the treat-
ment, double-robust (DR) estimation was performed 
by using Inverse Probability of Treatment Weighting 
(IPTW). IPTW generates a single pseudo-population 

in which the balance of pre-treatment covariates is 
similarly based on the construction of Propensity 
Scores (PS).

PS were generated using logistic regression mod-
elling based on age, sex, comorbidity, BMI, smoker, 
hospital, profession, working in another place, prin-
cipal work area, hours working, hours working in 
COVID-19 areas, and transportation covariates. 
IPTW was calculated by the inverse of the PS of 
receiving the treatment that a patient indeed received.

DR-Poisson regression with robust standard errors 
was used to calculate Incidence Rate Ratios (IRR) 
of SARS-CoV-2 infection at the end of the study. 
In addition, a Kaplan–Meier cumulative incidence 
curve was used to describe the incidence of symp-
tomatic SARS-CoV-2 infection over time (90-day 
period) and compared between the two treatment 
groups with the stratified log-rank test. A DR-Cox 
proportional-hazards model was used to estimate the 
hazard ratio (HR) (for bLF versus placebo) and 95% 
CI. In this analysis, data on patients who survived (no 
SARS-CoV-2 infection) the entire follow-up period 
were censored at the last follow-up date or day 100, 
whichever occurred first. For secondary endpoints, 
we use the Fisher exact test for categorical variables 
(severity of episode and frequency of symptoms) and 
the Wilcoxon test for continuous (skewed) variables 
(duration of episode and symptoms). All analyses 
were performed with the use of R v.4.0.1 [R: A lan-
guage and environment for statistical computing, R 
Core Team, R Foundation for Statistical Computing, 
Vienna, Austria (2021) http:// www.R- proje ct. org/].

Results

Participants

Of 764 hospital workers invited to participate, 209 
(27%) were enrolled and randomized, 104 allocated 
to receive bLF, and 105 allocated to receive placebo 
(Fig.  1). The median age was 37 (IQR 31–50); 158 
(75.6%) were females. Sixty-four (31%) were doc-
tors, 75 (36%) nurses or obstetricians, and 70 (33%) 
other professions. There were 111 hospital workers 
(53%) from HCH and 98 (47%) HNAL. Most base-
line characteristics were comparable between the 
groups (Table  1), but there was a significant differ-
ence between both groups in the distribution of sex 

http://www.R-project.org/


467Biometals (2023) 36:463–472 

1 3
Vol.: (0123456789)

and hospital work area. The median of total days in 
observation was 63  days (IQR 31–86). Treatment 
compliance median was the same in both groups 
(93%) (Table 2).

Primary outcome

During the 90  days of intervention, 109 patients 
reported symptoms (62 in the bLF group vs 47 in 
the placebo group). In 45 of them, COVID-19 was 
suspected (26 in the bLF group vs 19 in the placebo 
group). Among the 45 COVID-19 suspected cases, 
18 had a positive RT-PCR test for COVID-19 (11 in 
the bLF group vs 7 in the placebo group) and symp-
tomatic SARS-CoV-2 infection was confirmed. Fol-
low-up characteristics were comparable between the 
groups (Table 2).

Overall, there were 20 SARS-CoV-2 infections 
confirmed (18 were symptomatic infections and 2 
asymptomatic). The primary composite outcome 
occurred in 11 (10.6%) participants in the bLF group 
and 9 (8.6%) participants in the placebo group. There 
was no significant effect of bLF on the primary 

composite outcome, Incidence Rate Ratio (IRR) 1.23 
(95%CI 0.51–3.06, p-value = 0.64). A Kaplan–Meier 
cumulative incidence curve for symptomatic SARS-
CoV-2 infection comparing bLF and placebo is shown 
in Fig. 2. There was no significant effect of bLF on 
time to symptomatic SARS-CoV-2 infections, Hazard 
Ratio (HR) 1.61 (95%CI 0.62–4.19, p-value = 0.3).

Secondary outcomes

There were no significant differences in secondary 
outcomes (severity of SARS-CoV-2 infection, pres-
ence, and duration of symptoms). Regarding the 
severity of SARS-CoV-2 infection, in the placebo 
group, 2 (22.2%) participants had an asymptomatic 
SARS-CoV-2 infection and in 7 (77.8%) the symp-
tomatic episode was categorized as mild. In the bLF 
group, all 11 confirmed SARS-CoV-2 infections were 
symptomatic and categorized as mild. There were no 
moderate or severe SARS-CoV-2 infections. There 
was no difference between the severity of SARS-
CoV-2 infection between groups (p-value = 0.369).

Hospital Workers evaluated for eligibility (n=764)

Analysed (n=104)

bLF group(n=104)
• Received allocated intervention (n=104)

Placebo group (n=105)
• Received allocated intervention (n=105)

Analysed (n=105)

Allocation

Analysis

Randomized (n=209)

Enrollment

Excluded (n=555)
• Not interested in being informed about the 

project (n=87)
• Not interested or have no time(n=208)
• Not meeting inclusion criteria (n=128)a

• Declined to participate (n= 49) 

Fig. 1  Consort diagram: lactoferrin vs placebo. aHospital workers that had a positive PCR (n = 3) positive antibodies (n = 16), or 
reported being diagnosed with SARS-CoV-2 infection in the past (n = 109)
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Duration and prevalence of secondary outcomes 
are shown in Table 3. The most common symptoms 
among the 18 symptomatic SARS-CoV-2 infections 
were: cough in 11 participants (61%), nasal secre-
tion in 10 (56%), headache in 8 (44%), and sore 

throat in 8 (44%). The proportion of patients who 
developed fever during the study period and the 
duration of fever were slightly lower t in bLF than 
in the placebo group, but not significant different 
(Table 3).

Table 1  Baseline 
characteristics of the 
participants enrolled in the 
LF-COVID study

Data are median (IQR) or 
n (%)
*Wilcoxon test for 
quantitative variables 
and Fisher for qualitative 
variables

bLf group
(n = 104)

Placebo group
(n = 105)

p value*

Sex, women 86 (83%) 72 (69%) 0.024
Age years 38 (30–50) 35 (31–50) 0.9
Any comorbidities 12 (12%) 20 (19%) 0.2
Comorbidities 0.2
 Hypertension 3 (2.9%) 4 (3.8%)
 Glucose disorders 0 (0%) 3 (2.9%)
 Thyroid disease 3 (2.9%) 5 (4.8%)
 Asthma 4 (3.8%) 7 (6.7%)
 Others 3 (2.9%) 0 (0%)

BMI, kg/m2 26 (24–29) 27 (25–29) 0.3
BMI 0.2
 < 25 kg/m2 37 (36%) 27 (26%)
 25–30 kg/m2 47 (45%) 61 (58%)
 ≥ 30 kg/m2 20 (19%) 17 (16%)

Current smoker 6 (5.8%) 11 (10%) 0.3
Hospital 0.9
 Cayetano Hospital 55 (53%) 56 (53%)
 Arzobispo Loayza Hospital 49 (47%) 49 (47%)

Healthcare occupations 0.9
 Physician 31 (30%) 33 (31%)
 Nurse/Obstetrician 38 (37%) 37 (35%)
 Nurse assistance/medical technologist/biolo-

gist/cleaning staff/security staff
35 (34%) 35 (33%)

Hospital work area 0.05
 Hospitalization 59 (57%) 49 (47%)
 Emergency 16 (15%) 9 (8.6%)
 Clinic 13 (12%) 18 (17%)
 ICU 9 (8.7%) 11 (10%)
 Others 7 (6.7%) 12 (11%)

Working at more than one health care center 17 (16%) 22 (21%) 0.4
Monthly working hours 150 (150–192) 150 (150–200) 0.6
Working in COVID-19 areas 55 (53%) 50 (48%) 0.5
Monthly working hours in areas designated to 

SARS-CoV-2 patients
75 (24–120) 75 (36–100) 0.5

Transportation used 0.13
 Public bus 51 (49%) 36 (34%)
 Taxi 22 (21%) 23 (22%)
 Own car 13 (12%) 24 (23%)
 Walking/Bicycle 10 (9.6%) 9 (8.6%)
 More than 2 ways 8 (7.7%) 13 (12%)
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Regarding the duration of the SARS-CoV-2 
symptomatic infections, there was no evidence 
of a difference between the bLF group (median 
days = 13, IQR 9.5–18.5) and the placebo group 
(median days = 10, IQR 6.5–13; p-value = 0.146).

We have followed closely all symptoms devel-
oped during the intervention. The numbers of sub-
jects with adverse events were 49 in the bLF group 
and 32 in the placebo group. We found no differ-
ences among treatment groups (Table 4). None had 
a causal relationship with the intervention.

Discussion

This clinical trial was not able to demonstrate a pro-
tective effect of bLF supplementation against SARS-
CoV-2 infection. Despite the small sample size, bLF 
was noticed as safe and well-tolerated.

In this study, bLF did not have an effect on 
COVID-19 incidence. Some previous studies have 
described the protective effects of LF against other 
viral infections. Among 260 infants aged 4–6 months 
LF decreased the incidence of upper respiratory 

Table 2  Follow-up of participants: study compliance and evaluations

Data are median (IQR) or n (%)
*Wilcoxon test for quantitative variables and Fisher’s exact test for qualitative variables
a The participants could have more than one clinical committee evaluation, solicited at each follow-up call or clinical staff visit. There 
were a total of 109 evaluations in 82 participants
b There were 45 clinical committee evaluations where SARS-CoV-2 infection was suspected in 40 participants

bLF Placebo p value*

Total days of observation 65 (33–84) 61 (31–89) 0.9
Compliance (doses received/planned) 0.93 (0.85–1.00) 0.93 (0.85–1.00) 0.8
Compliance > 80% 90 (87%) 85 (81%) 0.3
Number of symptomatic events that required clinical  evaluationa 62 (56.9%) 47 (43.1%)
Number of clinical committee evaluations where COVID-19 disease 

was  suspectedb
26 (57.7%) 19 (42.2%)

Fig. 2  Time to event of 
symptomatic SARS-CoV-2 
infection by treatment 
group. Red line: lactofer-
rin; grey line: placebo; red 
shadow: lactoferrin 95% 
confidence interval; grey 
shadow: placebo 95% con-
fidence intervals. *Symp-
tomatic SARS-CoV-2 
infection were those that 
tested positive on reverse-
transcriptase–polymerase-
chain-reaction (RT-PCR)
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(Chen et  al. 2016) infections and in one study the 
combination of LF and milk serum protein with 
immunoglobulins decreased the incidence of com-
mon colds (Vitetta et al. 2013). Despite the evidence 
of a protective effect of bLF on other viral respira-
tory tract infections and the in vitro evidence of the 
inhibitory effect of LF on SARS-CoV-2 entry to tar-
get cells, this study failed to demonstrate a protective 
effect of LF against SARS-CoV-2 infection. This may 
be due to differences in the mechanism of action of 
bLF from the in vitro studies to the in vivo settings, 
however, the small sample size of this study limits 
the conclusions of the effect of bLF on SARS-CoV-2 
infection.

Regarding the severity of SARS-CoV-2 infection, 
there were no severe infections and bLF did not have 
an effect on the severity of SARS-CoV-2 infections. 
At the study start, only people aged < 60 years, with 
a BMI < 30 and who did not have any uncompensated 
medical conditions (such as coronary heart disease, 
high blood tension and diabetes) were allowed to 
work at the hospital, thus were the only included in 
this study. This could limit the generalizability of our 
findings to the general population, since considering 
that these populations are less likely to develop severe 
COVID-19 disease, further studies should aim to 
include participants at higher risk of worse outcomes.

Furthermore, regarding the presence and duration 
of symptoms, LF decreased the duration of symp-
toms of cold in a clinical trial of 310 healthy adults in 

Table 3  Secondary outcomes: prevalence and duration of 
symptoms of SARS-CoV-2 infection

Data are median (IQR) or n (%)
*Wilcoxon test for quantitative variables and Fisher’s exact test 
for qualitative variables

bLF group
(n = 11)

Placebo group
(n = 7)

p value*

Cough
 Prevalence 6 (54.5%) 5 (71.4%) 0.637
 Duration, days 12 (9.5–17.5) 10 (6.0–13.0) 0.461

Nasal secretion
 Prevalence 6 (54.5%) 4 (57.1%) 1.000
 Duration, days 7 (6.0–10.3) 5 (0.8–10.0) 0.7476

Headache
 Prevalence 6 (54.5%) 2 (28.6%) 0.367
 Duration, days 8.5 (3.3–10.8) 4.5 (4.3–4.8) 0.505

Fever
 Prevalence 6 (54.5%) 1 (14.3%) 0.151
 Duration, days 1.5 (1.0–2.8) 6 (6.0–6.0) 0.116

Sore throat
 Prevalence 4 (36.4%) 4 (57.1%) 0.630
 Duration, days 8 (3.3–13.8) 8.5 (5.3–11.0) 0.773

Myalgia
 Prevalence 3 (27.3%) 3 (42.9%) 0.627
 Duration, days 6 (5.0–14.0) 4 (3.5–7.0) 0.376

Taste disturbance
 Prevalence 3 (27.3%) 2 (28.6%) 1.000
 Duration, days 5 (4.5–10.0) 4.5 (3.8–5.3) 0.564

Smell distur-
bance

 Prevalence 3 (27.3%) 2 (28.6%) 1.000
 Duration, days 15 (9.5–15.5) 6 (6.0–6.0) 0.554

Fatigue
 Prevalence 2 (18.2%) 2 (28.6%) 1.000
 Duration, days 15.5 (13.8–17.3) 6 (4.5.7.5) 0.121

Diarrhea
 Prevalence 2 (18.2%) 2 (28.6%) 1.000
 Duration, days 2 (1.5–2.5) 1 (0.5–1.5) 0.439

Rash
 Prevalence 0 (0%) 0 (0%) –
 Duration, days – – –

Loss of appetite
 Prevalence 0 (0%) 0 (0%) –
 Duration, days – – –

Shortness of 
breath

 Prevalence 0 (0%) 0 (0%) –
 Duration, days – – –

Table 4  Diagnosis of participants evaluated because of symp-
toms suggestive of SARS-CoV-2 infection

Data are n (%)
* Fisher’s exact test

Diagnosis bLF group
N = 104

Placebo group
N = 105

p value*

COVID-19 suspected 24 (23%) 16 (15%) 0.2
Gastrointestinal 

symptoms
5 (4.8%) 7 (6.7%) 0.8

Odynophagia 4 (3.8%) 1 (1.0%) 0.2
Allergic rhinitis 3 (2.9%) 2 (1.9%) 0.7
Primary headache 3 (2.9%) 1 (1.0%) 0.4
Headache 0 (0%) 3 (2.9%) 0.2
Common cold 2 (1.9%) 1 (1.0%) 0.6
Muscle contracture 2 (1.9%) 0 (0%) 0.2
Food poisoning 2 (1.9%) 0 (0%) 0.2
Others 4 (4.0%) 1 (1.0%)
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Japan at a dose of 600 mg/day LF (Oda et al. 2020). 
This study failed to demonstrate an effect of bLF sup-
plementation on the presence and duration of symp-
toms. However, the sample size was not calculated for 
these secondary outcomes and further studies should 
aim to understand the effect of LF on the actual infec-
tion rather than as a preventive measure.

This study should be interpreted in light of its limi-
tations. First, the early stop of the trial decreased the 
study sample size limiting its power; therefore, this 
study cannot provide definite evidence. Second, one 
in-vitro study reported that some bacteria present in 
the upper gastrointestinal tract have proteases that 
can degrade LF (Alugupalli and Kalfas 1996). This 
can limit the assumption of a systemic effect of bLF 
supplementation on COVID-19 prevention, which 
was the research question for this study. However, 
even when degradated, the active metabolits of bLF 
have antimicrobial properties which can be part of the 
mechanism of action against SARS-CoV-2 infection 
(Lizzi et al. 2016). It is essential that further studies, 
exploring the effect of bLF on SARS-CoV-2 infec-
tion assess the pharmacodynamics and pharmacoki-
netics of chewable tablets bLF supplementation and 
its metabolites to understand the possible action that 
this supplement may have on SARS-CoV-2 infec-
tion. Third, misclassification bias is possible because 
of the definition of suspected COVID-19 sympto-
matic cases and the criteria used for RT-PCR testing. 
However, since the physicians were blinded to the 
intervention arm and used a standardized criteria for 
diganosis, this could have possibly led to non-differ-
ential misclassification. Also, the fact that the same 
two physicians evaluated all participants simultane-
ously can reduce misclassification bias in this study.
Fourth, compliance to treatment was self-reported, 
which could lead to measurement bias and could be 
a major unmeasured confounder since this could be 
affected by recall and acceptability bias (since partici-
pants may overestimate their compliance to the inter-
vention). However, it improves the pragmaticism of 
the treatment effect. Fuerthermore, there were some 
differences in the baseline characteristics (sex and 
hospital working area), which could have arisen given 
the small sample size, but these differences could 
have also influenced the results. Finally, this study did 
not explore the effect of bLF supplementation in the 
inflammatory and immune response to SARS-CoV-2 
infection, but only focused on its main outcomes 

(incidence of SARS-CoV-2 infection, presence and 
duration of symptoms). Future studies should aim to 
understand if the supplementation of bLF could have 
regulatory properties in the immune response against 
SARS-CoV-2 infection.

To our knowledge, this is the first clinical trial that 
explored the effects of bLF on SARS-CoV-2 infec-
tion. This trial was not able to show significant effects 
of bLF on SARS-CoV-2 infection incidence, severity 
and symptoms. Further studies with a larger sample 
size should be conducted to reach valid conclusions.
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