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ABSTRACT

Background: Consumption of Lactobacillus plantarum HOKKAIDO (HOKKAIDO strain)
reportedly increases immunocompetence. However, the concentration of viable bacteria and the
type of food they can be incorporated into limits their consumption. The study aims to demonstrate
the effect of daily intake of the heat-killed L. plantarum HOKKAIDO strain (HK-HOKKAIDO
strain; 5 x 10° colony-forming units/day) by healthy subjects with low natural killer (NK) cell
activity for 8 weeks.

Method: In this randomized, double-blind, placebo-controlled, parallel-group study, 70 healthy
Japanese subjects who showed relatively low NK cell activity were recruited and randomly
assigned to the HK-HOKKAIDO strain or placebo group. All subjects ingested one capsule per
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day for 8 weeks. We conducted medical interviews and performed body composition
measurements, vital sign examinations, and blood sampling at weeks 0 (baseline), 4, and 8, and
we collected salivary samples at weeks 0 and 8. In addition, the frequency and severity of cold
symptoms in the subjects were recorded daily during the intake period.

Results: Intake of the HK-HOKKAIDO strain did not increase the NK cell activity or immunity
marker levels, including those of immunoglobulin, leukocyte fraction, and salivary secretory
immunoglobulin A. However, the frequency and severity of the common cold symptoms were
significantly reduced after the daily consumption of the HK-HOKKAIDO strain.

Conclusions: The results showed that HK-HOKKAIDO strain administration can decrease the
frequency and severity of common cold symptoms in healthy subjects. Our findings support the
use of the HK-HOKKAIDO strain as a functional food with health benefits.

Clinical trial registration: UMIN000034822

BACKGROUND

The intestinal flora consists of a large number of resident bacteria [1,2] and this flora is indicative
of the health of the host with respect to the immune function [3]; therefore, maintaining the balance
of various kinds of bacteria in the intestine is important. However, Japanese individuals in this
modern era have reported an imbalance in their intestinal flora due to the adaptation of Western
diet habits, thereby leading to a decline in their immune function [4]. The immune system
comprises two classes: innate immunity, which is a natural nonspecific defense mechanism against
infections, and acquired immunity, which is induced by antigen stimulation after birth. Natural
killer (NK) cells are the key factors of the innate immunity and various factors, such as mental
stress [5,6] and smoking [7,8], can decrease NK cell activity. Several reports have suggested that
the promotion of NK cell activity was related to the inhibition of influenza infection [9-11].
Therefore, the development of functional foods that can activate NK cells is important for
maintaining the function of the immune system.

Lactic acid bacteria reportedly cause NK cell activation [12,13] by inducing the production of
cytokines such as IL-12, which exhibits NK cell activation effects. Phagocytosis is enhanced
during colonization by lactic acid bacteria. Plant lactic acid bacteria, which are often found in
fermented foods such as pickles, were previously considered to be non-functional in humans
because they cannot settle in the human intestine; however, recent studies have shown a high

occurrence rate of these bacteria in the human intestines of vegetarians [14], and these bacteria
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have been shown to be effective in cancer suppression [15]. In addition, plant lactic acid bacteria
can survive, even in harsh conditions such as high-salt environments or low-pH environments as
well as in the presence of tannins, owing to their tannin-resistant peptidoglycan cell wall containing
diaminopimelate [16].

The HOKKAIDO strain of lactic acid bacteria was isolated from pickled vegetables from the
Hokkaido Research Organization. Previous in vitro and in vivo studies have shown that
HOKKAIDO strains are resistant to salt, alcohol, and pH; further, they can protect against food-
poisoning infections and enhance the absorption of isoflavones in the intestinal tract [17]. A study
showed that the HOKKAIDO strain increased the IL-12 mRNA expression level in human
dendritic cells [18]. In addition, a previous clinical study in subjects aged <50 years showed that
the daily consumption of yogurt containing the HOKKAIDO strain for 56 days significantly
increased the NK cell activity compared with the NK cell activity of a placebo food group [19].
These facts suggest that the regular and consistent consumption of the HOKKAIDO strain
increases immunocompetence.

However, there is a restriction in the number of viable bacteria that can be consumed or the
type of foods that these viable bacteria can be incorporated into considering the quality control
measures that should be maintained in food production. Therefore, the Northern Advancement
Center for Science & Technology, a supplier of test food materials, produced the “Heat-Killed
Lactobacillus plantarum HOKKAIDO (HK-HOKKAIDO strain).” This strain was more stable
than the other viable probiotics; therefore, high concentrations of these bacteria can be added to
foods, and a wide range of foods can be used for the incorporation of these bacteria.

This randomized, double-blind, placebo-controlled, parallel-group study aims to evaluate the
effects of the intake of the HK-HOKKAIDO strain on immunocompetence in healthy subjects with
relatively low NK cell activity.

METHODS
Study design
This placebo-controlled, randomized, double-blind, parallel-group comparative study was
conducted over a period of 8 weeks. Data were collected between November 2018 and February
2019 at the Hokkaido Information University, Health Information Science Center (Ebetsu,
Hokkaido, Japan). The schedule of the trial is summarized in Table 1.

Interviews were conducted by a research doctor and a research nurse to obtain the medical
information. They analyzed the vital signs, performed body composition measurements and blood
sampling, and administered the visual analog scale (VAS) questionnaire in the second (week 0,

baseline), third (week 4), and fourth (week 8) visits. Salivary samples were collected at the second
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and fourth visits. In addition, the frequency and severity of the common cold symptoms in the
subjects were recorded by subjects themselves during the intake period.

The subjects ingested one capsule (an HK-HOKKAIDO strain capsule or a placebo capsule)
daily for 8 weeks. During the entire study period, the subjects were instructed to continue their
daily activities, including food consumption and exercise habits, as before; however, they were
instructed to avoid any supplements and foods containing lactic acid bacteria, including the
HOKKAIDO strain. The subjects used a diary to record their daily activities, which was reviewed
by a medical doctor or a nurse at each visit.

The primary outcome was a change in the NK cell activity. The secondary outcomes included
differences in immunoglobulin [immunoglobulin A (IgA), immunoglobulin G (IgG), and
immunoglobulin M (IgM)] levels, leukocyte fraction (neutrophils, lymphocytes, monocytes,
eosinophils, basophils, and neutrophil-lymphocyte ratio), and salivary secretory IgA (s-IgA) levels.
The VAS questionnaire was administered to assess defecation and fatigue, along with the

frequency/severity of the common cold symptoms.

Table 1: Schedule of the clinical trial

Test food intake period
Guidance and
Screening Randomization
agreement Week 0 Week 4 Week 8

Visit Visit 1 Visit 2 Visit 3 Visit 4
Date Nov. 13-15, 2018 Nov. 29, 2018 Dec. 2018 Jan. 2019 Feb. 2019
Informed consent [
Medical interview o [ [ [
Vital sign examinations ] o o [
Body composition

[ [ [ [
measurement
Blood sampling ® [ o o
Salivary sampling o [
VAS questionnaire o o [
Common cold symptoms

<€ >
record
_ <€ >

Diary record

e: conducted.
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Ethical approval

The current clinical trial was conducted in compliance with the ethical guidelines on medical
research in humans (the Ministry of Education, Culture, Sports, Science and Technology and the
Ministry of Health, Labor and Welfare) and the Helsinki Declaration (revised by the Fortaleza
General Meeting of the World Medical Association). The trial protocol was approved by the ethics
committee of the Hokkaido Information University (Ebetsu, Hokkaido, Japan; approved on
September 25, 2018; approval number: 2018-15). This trial was registered at
www.umin.ac.jp/ctr/index.htm (registered on November 9, 2018; registration number:

UMINO000034822).

Study subjects

We screened 134 volunteers on their first visit, and all of them provided written informed consent
to participate in the study. During the screening test, we conducted medical interviews and
performed vital sign examinations, body composition measurements, and blood sampling
including the determination of NK cell activity. After screening, 70 healthy Japanese subjects who
showed relatively low NK cell activity were enrolled in the study. The inclusion and exclusion
criteria are summarized in Table 2.

The 70 healthy Japanese subjects enrolled were randomly assigned to the HK-HOKKAIDO
strain or placebo group. The methods of assignment and blinding are briefly described below. The
Northern Advancement Center for Science & Technology, which provided the test foods, assigned
the identification food numbers either the HK-HOKKAIDO strain capsule or the placebo capsule
and were then printed on the food packaging. Identification of the food number information was
strictly sealed and transferred to a third-party data center, independent of the study (Media
Educational Center, Hokkaido Institute of Information Technology, Ebetsu, Hokkaido, Japan). The
eligible subjects were randomly assigned to the HK-HOKKAIDO strain or placebo groups, which
were stratified by sex, age, and NK cell activity at the first visit. Assignments were computer-
generated on the basis of stratified block randomization at a third-party data center, and the block
size was 36. The research collaborators at the Hokkaido Information University, including medical
doctors, nurses, clinical research coordinators, and statistical analysts were blinded to the
identification of the food numbers and the assignment information during the trial period. The
identification of the food numbers and assignment information were disclosed only after all the
analytical data were collected; the subjects included in the efficacy analysis were identified and

the methods of statistical analyses were finalized.


http://www.umin.ac.jp/ctr/index.htm
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Table 2: Inclusion and exclusion criteria

Inclusion 1. Age >30 years and <50 years
criteria 2. Subjects who show relatively low NK cell activity (<70%)
1. Subjects with serious diseases and/or infections
2. Subjects with a major surgical history relevant to the digestive system, such as
gastrectomy, gastrorrhaphy, and enterectomy
3. Subjects with unusually high and/or low blood pressure and/or abnormal
hematological data
4. Subjects with severe anemia
5. Pre- or postmenopausal women with complaints of obvious physical changes
6. Subjects who are at risk of having allergic reactions to drugs or foods
7. Subjects who regularly ingest products containing the HOKKAIDO strain.
8. Subjects who regularly take medicines, functional foods, and/or supplements that
Exclusion would affect the immune function
criteria

9. Heavy smokers, alcohol addicts, or subjects with a disordered lifestyle

10. Subjects who donated either 400 mL whole blood within the last 16 weeks
(women) or 12 weeks (men), 200 mL whole blood within the last 4 weeks (men and
women), or blood components within the last 2 weeks (men and women), prior to
the current study

11. Pregnant or lactating women or women who expect to be pregnant during this
study

12. Subjects who are currently participating in other clinical trials or participated
within the last 4 weeks prior to the current study.

13. Any other medical and/or health reasons unfavorable to participation in the

current study, as judged by the principal investigator

Sample size

The sample size was statistically determined to obtain a power of 80% and a two-sided significance

level of 5%. Based on the data of the previous clinical trial of the HOKKAIDO strain [19], to

demonstrate a difference in the NK cell activity at week 8, which was postulated to have an

intergroup difference of 7.5% with a standard deviation of 10%, a sample size of 60 (30 in each

group) was required. Assuming a 15% loss in the follow-up rate, 70 subjects (35 in each group)

were enrolled.
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Preparation of the test food

The HK-HOKKAIDO strain capsules and placebo capsules were provided by the Northern
Advancement Center for Science & Technology. Approximately 230 mg of the powder containing
5 x 10" colony-forming units (CFUs) of the HK-HOKKAIDO strain was encapsulated in a white
gelatin capsule. The nutrient compositions of the HK-HOKKAIDO strain capsule and placebo
capsule are presented in Table 3. The HK-HOKKAIDO strain counts were analyzed using the 4',6-
diamidino-2-phenylindole staining method. Nutrient composition analyses were performed at the
Japan Food Research Laboratories (Hokkaido, Japan). The placebo capsule contained dextrin
instead of the HK-HOKKAIDO strain. The HK-HOKKAIDO strain and placebo capsules were

identical in appearance.

Table 3: Nutrient composition of the HK-HOKKAIDO strain and placebo capsules per day

Heat-killed
Nutrients Unit Placebo
HOKKAIDO strain
Calories kcal 1.11 1.11
Proteins g 0.08 0.06
Lipids g 0.00 0.00
Carbohydrates g 0.18 0.20
Sodium chloride g 0.40 0.03

Heat-Killed Lactobacillus plantarum HOKKAIDO CFU 5 x 10%° —

Physical, hematological, biological, and salivary assessments

Blood was collected from the subjects after a 12-h fast and used for the following hematological
examinations: white blood cell (WBC), red blood cell (RBC), and platelet (PIt) counts; hemoglobin
(Hb) and hematocrit (Ht) levels; and neutrophil, lymphocyte, monocyte, eosinophil, and basophil
concentrations. The biological examinations included the following: liver function tests [aspartate
aminotransferase (AST), alanine aminotransferase (ALT), y-glutamyltranspeptidase (y-GTP),
alanine phosphatase (ALP), and lactate dehydrogenase (LDH)]; renal function tests [blood urea
nitrogen (BUN), creatinine (CRE), and uric acid (UA)]; lipid profile [total cholesterol (TC), low-
density lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C), and
triglyceride (TG)]; blood glucose profile [fasting plasma glucose (FPG) and hemoglobin Ajc
(HbA¢)]; and immunoglobulin levels (IgA, IgG, and IgM).

Chromium-51 (°!Cr) release assays were used to measure NK cell activity at visit 1-4. Target
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cells were labeled with >'Cr, following which, the label was released from the target cells by
cytolysis. After centrifugation, the supernatants were directly analyzed using a gamma counter.

Saliva was collected using a Salivette® Cotton Swab (Sarstedt K.K., Tokyo, Japan). The
subjects were instructed to chew the swab for 60 s to stimulate salivation, following which the
saliva was collected from the swab by centrifugation (3000 rpm X 5 min). Enzyme immunometric
assays were used to assess salivary s-IgA levels.

Hematological examinations were performed using the XN-1000 hematology analyzer and an
automatic blood cell counter and liver function tests were performed using the Japanese Society
of Clinical Chemistry standardization method. For the renal function tests, BUN, UA, and CRE
were measured using the urease/glutamate dehydrogenase, uricase—peroxidase, and enzymatic
methods, respectively. For the lipid profile, TC, LDL-C, HDL-C, and TG were measured using the
cholesterol oxidase, selective solubilization, selective suppression, and free glycerol elimination
methods, respectively. For the blood glucose profile, FPG and HbA . were measured using the
hexokinase and latex aggregation methods, respectively. Immunoglobulins were measured using
turbidimetric immunoassay.

Blood tests including those for NK cell activity and salivary s-IgA level were performed at
Sapporo Clinical Laboratory, Inc. (Hokkaido, Japan). The body composition [body fat rate (BFR)
and body mass index (BMI)], blood pressure, and body temperature were measured using the body
composition analyzer DC-320 (Tanita Corp., Tokyo, Japan), automatic blood pressure monitor
HEM-7080IC (Omron Co., Ltd., Kyoto, Japan), and electronic thermometer C231 (Terumo

Corporation, Tokyo, Japan), respectively.

VAS questionnaires assessing defecation and fatigue

The subjects completed a VAS questionnaire for the evaluation of the effects of the HK-
HOKKAIDO strain on defecation and fatigue. The subjects were instructed to place an “X” along
a 100-mm line to provide a rating from the worst to the best condition for the question assessing
fatigue based on their current health condition. The left end of the line (0 mm) was defined as the
worst condition and the right end (100 mm) was defined as the best condition. The questionnaire
results were assessed by evaluating the length from the beginning of the line on the left to the “X.”

An increase in the VAS score indicated a reduction in fatigue.
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Evaluation of common cold symptoms

The subjects recorded their common cold symptoms daily in a diary during the intake period. The
symptoms of common cold included general symptoms (fever, chills, and malaise) and respiratory
symptoms (coughing, sputum production, sore throat, nasal discharge, nasal congestion, and
sneezing). The subjects rated the severity of the symptoms on a scale from 1 to 5 (1 = nothing; 2
= slightly mild symptoms; 3 = mild symptoms; 4 = slightly strong symptoms; 5 = very strong
symptoms). We aggregated the severity into three categories as follows: “l1 = nothing” was
categorized as “no symptoms,” “2 = slightly mild symptoms” and “3 = mild symptoms” were
categorized as “mild,” and “4 = slightly strong symptoms” and “5 = very strong symptoms” were
categorized as “severe.” The response number for each intake group was summarized every 4
weeks, from day 0 to day 28 and from day 29 to day 58. In addition, the response rate was

calculated using the following equation:

R te (%) = Number of responses for each criterion 100 .
esponse rate (%) = Number of participants x 28 (days) . M

In addition, we determined the number of subjects with common cold symptoms (>10 episodes)
during the study period [20]. The number of participants for each group was summarized every 4

weeks, from day 0 to day 28 and from day 29 to day 58.

Assessment of safety

We further assessed the incidence of unfavorable symptoms and findings as well as the abnormal
changes in the laboratory variables as adverse events. The severity of the adverse events and their
relationship with the test food were classified according to the protocol criteria established by the
investigator. Laboratory variables on the safety outcomes were assessed according to the
guidelines on the criteria for side effects defined by the Japanese Society of Chemotherapy [21],
and the excluded anomaly levels were defined by the investigator. All adverse events were reported
as follows: symptoms, occurrence date, and severity (mild/moderate/severe); relation to the test
food (not relevant/probably not relevant/probably relevant/relevant/not assessable); continuation
or discontinuation; treatment; and outcome (day). Adverse events were monitored during the

intervention period of 8 weeks.

Statistical analysis

Student’s t-tests were performed to analyze the primary, secondary, and safety outcomes by
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comparing the changes in the values at baseline to those at week 4 and/or week 8 between the two
subject groups. To assess the frequency and number of subjects with common cold symptoms, the
chi-squared test was used for the analysis by comparing the response number of each severity in
the first intake period (day 0 to day 28) and the last intake period (day 29 to day 56) between the
two subject groups. If the chi-squared p-value was <0.05 between the two groups, we performed
a post hoc analysis (adjusted residual). For subject characteristics, Fisher’s exact probability test
was used for sex and the Mann—Whitney U test was used for the intake rate; Student’s ¢-tests were
used for other subject characteristics. All statistical analyses were performed using SPSS version
25.0 (IBM Japan, Ltd., Tokyo, Japan), and p-values of <0.05 were considered statistically
significant. In the present study, multiplicity of the statistical analyses was not considered, although

multiple items and multiple time points were evaluated.

RESULTS
Subject dropouts and characteristics
The flow of the trial is presented in Fig. 1. Subjects who provided informed consent (n = 134)
were assessed for eligibility, and 70 subjects were enrolled in the present study. All enrolled
subjects were randomized into one of the two intervention groups (placebo group, n = 35; HK-
HOKKAIDO strain group, n = 35). Three subjects dropped out for personal reasons before the
trial started, one subject withdrew because of elevated liver function markers at week 0 (before the
intake of the test food), one subject withdrew because of an onset of sudden deafness, and one
subject dropped out for personal reasons. Finally, 64 subjects completed this trial: 34 in the active
test food group and 30 in the placebo group. Furthermore, 67 subjects, excluding the 3 who dropped
out before trial commencement, were included in the safety analysis. We excluded 6 participants
with drop-out and 3 subjects with compliance violation from the efficacy analysis; finally, we
included 32 subjects in the HK-HOKKAIDO strain group and 29 in the placebo group. In addition,
3 subjects were excluded from the analysis of the frequency of common cold symptoms because
they were suspected to have allergic rhinitis or empyema.

The sex ratio, mean age, BFR, BMI, NK cell activity, and intake rate for each group are
presented in Table 4. These characteristics did not significantly differ between the two groups,

thereby confirming the appropriate allocation of subjects in the active test food and placebo groups.
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Figure 1: Flowchart of subjects’ selection.

Table 4: Characteristics of the subjects and intake rates of the HK-HOKKAIDO strain and placebo groups

Characteristic Placebo HK-HOKKAIDO strain p
Subjects (n) 29 32 —
Male (n) 2 3 1.00
Age (years) 41.8+53 439+48 0.11
BMI (kg/m?) 204+£26 200+ 2.4 0.55
NK cell activity (%) 50.8 +16.3 52.7+13.7 0.62
Intake rate (%) 98.8 99.3 0.57

Values are shown as mean * standard deviation. Fisher’s exact probability test was used for sex, and the
Mann—Whitney U test was used for the intake rate. Student’s #-test was used for the other characteristics. n
number of subjects; BMI, body mass index; NK, natural killer

Effect of the HK-HOKKAIDO strain on NK cell activity

The effects of the HK-HOKKAIDO strain on NK cell activity are summarized in Table 5. There
were no significant differences in the effects on the NK cell activity between the HK-HOKKAIDO
strain and placebo groups (change in value from baseline to week 8: placebo group, —4.8 = 9.4%;
HK-HOKKAIDO strain group, —4.3 + 8.6%; p = 0.82).

Effect of the HK-HOKKAIDO strain on immunity markers

To confirm the effects of the HK-HOKKAIDO strain on immunity markers, changes in IgA, IgG,
and IgM levels; neutrophil, lymphocyte, monocyte, eosinophil, and basophil concentrations and
neutrophil-lymphocyte ratio; and salivary s-IgA levels were evaluated (Table 5). There were no
significant differences in these marker levels between the HK-HOKKAIDO strain and placebo

groups (Table 5).
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Variable n  Week 0 AWeek 4 AWeek 8
Placebo 29 58.6+17.7 —4.8+84 —-4.8+9.4
NK cell activity (%) Active 32 584+16.9 -23+7.2 —4.3+8.6
p 0.97 0.21 0.82
Placebo 29 201.7+86.1 1.2+12.6 -1.7+£13.3
IgA (mg/dL) Active 32 2025+59.2 19+121 -19+12.1
p 0.97 0.84 0.96
Placebo 29 124521942 126 £73.0 —29+527
19G (mg/dL) Active 32 1,278.4 +256.6 10.5+67.6 4.8 +68.4
p 0.57 0.91 0.63
Placebo 29 125.2+49.1 02+104 -1.6+6.6
IgM (mg/dL) Active 32 127.9+56.5 -0.4+85 -0.8+10.8
p 0.85 0.83 0.72
Placebo 29 595%10.1 12+73 2.7£6.3
Neutrophils (%) Active 32 61178 20x6.1 06+57
p 0.5 0.65 0.17
Placebo 29 316%83 —0.8+6.5 -25+5.6
Lymphocytes (%) Active 32 308+6.6 —2.0+£5.2 —-0.8+4.9
p 0.68 0.43 0.21
Placebo 29 5215 00+11 0.1+£0.38
Monocytes (%) Active 32 54%16 0.1+0.9 01+12
p 0.74 0.61 0.83
Placebo 29 26+16 -0.3+0.8 -0.2+£0.6
Eosinophils (%) Active 32 18=zx12 0.0+0.7 0.0+0.8
p 0.06 0.18 0.13
Placebo 29 1006 0.0£05 0.0£0.6
Basophils (%) Active 32 09zx05 -0.1+£0.6 0.0x£05
p 0.37 0.65 0.98
. Placebo 29 21+11 0.1+0.38 02+0.9
Neutrophil-lymphocyte i
catio Active 32 21+07 0.2+0.6 0.1+£05
p 0.95 0.48 0.36
Placebo 29 164.4+76.2 — 56+79.3
Salivary s-IgA (ug/mL) Active 32 154.4+835 — 5.4 £ 68.0
p 0.63 — 0.99

Values are shown as the mean * standard deviation. AWeek 4: change in value from baseline to

week 4; AWeek 8: change in value from baseline to week 8. Student’s #-test was performed.

NK, natural killer; IgA, immunoglobulin A; IgG, immunoglobulin G; IgM, immunoglobulin M; s-

IgA, secretory IgA
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Effect of the HK-HOKKAIDO strain on the parameters assessed using the VAS

We examined the effect of the HK-HOKKAIDO strain on defecation and fatigue using the VAS
questionnaire. There were no significant differences between the HK-HOKKAIDO strain and

placebo groups (data not shown).

Effect of the HK-HOKKAIDO strain on the frequency of common cold symptoms

We examined the frequency of common cold symptoms in both test groups (Table 6). With regard
to fever, chills, and malaise symptoms, from day 0 to day 28, the frequency of severe cold in the
HK-HOKKAIDO strain group was significantly higher than that in the placebo group. However,
from day 29 to day 58, the frequency of severe and mild cold in the HK-HOKKAIDO strain group
was significantly lower than that in the placebo group. With regard to nasal discharge and nasal
congestion, the frequency of no symptoms and severe cold was significantly lower and that of mild
cold was significantly higher in the HK-HOKKAIDO strain group than that in the placebo group,
from day 0 to day 28. With regard to nasal discharge, coughing and sputum production, the
frequency of mild cold in the HK-HOKKAIDO strain group was significantly lower than that in
the placebo group from day 29 to day 58.

In addition, we analyzed the number of subjects with cold common symptoms. From day 0 to
day 28, no significant difference was observed between both groups; however, from day 29 to day
58, the number of participants with cold common symptoms in the HK-HOKKAIDO strain group
tended to be lower than that in the placebo group (placebo group, 44.8%; HK-HOKKAIDO strain
group, 20.7%; p = 0.050; Table 7).

Table 6: Response rate of common cold symptoms

Response rate (%0) P
Aggregation
Variable n No
period Mild Severe
symptoms
Placebo 29 97.0% 25 0.5%
From day 0 to day 28 0.012"
Fever and Active 29 94.6* 3.4 2.0*
chills Placebo 29 95.9% 3.2¢ 0.9*
From day 29 to day 58 0.003™
Active 29 98.4# 1.6* 0.0%
Placebo 29 94.8* 4.7 0.5*
From day 0 to day 28 0.002™
Malaise Active 29 91.7% 5.8 2.5%

From day 29 to day 58 Placebo 29 96.6% 2.8" 0.6" 0.002™
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Response rate (%) 14
Aggregation
Variable n No
period Mild Severe
symptoms
Active 29 99.0% 1.0% 0.0%
Placebo 29 90.3 7.6 2.1
From day O to day 28 0.11
Active 29 87.2 10.6 2.2
Coughing
Placebo 29 92.0% 7.5% 0.5
From day 29 to day 58 0.022"
Active 29 95.3% 4.3 0.4
Placebo 29 89.3 9.2 1.5
From day 0 to day 28 0.65
Sputum Active 29 88.3 10.5 1.2
production Placebo 29 92.2% 7.5 0.2
From day 29 to day 58 0.003™
Active 29 95.9% 3.7* 0.4
Placebo 29 91.9 6.8 14
From day O to day 28 0.089
Active 29 89.2 9.7 1.1
Sore throat
Placebo 29 95.2 4.6 0.2
From day 29 to day 58 0.12
Active 29 97.2 2.7 0.1
Placebo 29 81.5* 16.5% 2.0%
From day O to day 28 <0.001™
Nasal Active 29 75.6% 23.8* 0.6*
discharge Placebo 29 83.1% 16.4% 0.5
From day 29 to day 58 0.025"
Active 29 87.8" 11.9% 0.2
Placebo 29 92.2% 6.2* 1.6%
From day 0 to day 28 <0.001™
Nasal Active 29 87.2* 12.6* 0.2*
congestion Placebo 29 94.5 5.4 0.1
From day 29 to day 58 0.60
Active 29 94.5 5.5 0.0
Placebo 29 93.1 6.9 0.0
From day O to day 28 0.60
Active 29 92.9 7.0 0.1
Sneezing
Placebo 29 94.2 5.8 0.0
From day 29 to day 58 0.23
Active 29 95.1 4.7 0.2

The frequency of the common cold symptoms was analyzed using the chi-squared test. If

significant for the chi-squared test, the adjusted residual was calculated. Chi-squared test: p <

0.05%, p < 0.0017", and adjusted residual: >+1.96".
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n % p
Placebo 12 41.3
From 0 to 28 day 1.000
Active 12 41.3
From 29 to 58 Placebo 13 44.8
0.050
day Active 6 20.7

The number of subjects with common cold symptoms was analyzed using the chi-squared test.

Safety

For the safety analysis of the HK-HOKKAIDO strain, the body composition (BFR and BMI), vital

signs [systolic blood pressure (SBP), diastolic blood pressure (DBP), and body temperature],
complete blood counts (WBC, RBC, Hb, Ht, and Plt), liver function (AST, ALT, y-GTP, ALP, and
LDH), renal function (BUN, CRE, and UA), lipid profile (TC, LDL-C, HDL-C, and TG), and blood

glucose profile (FPG and HbA ) were evaluated (Table 8). Minimal changes (Table 8) and minimal

adverse effects (variation in the clinical data and clinical observation) were observed in each group.

These changes were within the normal range, and adverse effects disappeared within a few days

after the intake was initiated during the study period. Therefore, the principal investigator judged

that none of the adverse events were related to the intake of the test food.

Table 8: Body composition, vital signs, complete blood counts, liver function, renal function, lipid

profile, and blood glucose profile

Variable n  WeekO AWeek 4 AWeek 8

Placebo 32 27.2+6.0 02+11 02+12
BFR (%)

Active 35 26.0+6.2 01+15 0.7+£15

Placebo 32 204 £32 01+0.3 01+04
BMI (kg/m?)

Active 35 200+ 25 0.0+0.3 01+£0.3

Placebo 32 110.2+19.0 09+88 41+89
SBP (mmHg)

Active 35 109.0+11.1 23+9.1 20+84

Placebo 32 71.8+10.1 09+49 04+49
DBP (mmHg)

Active 35 70.0 £8.7 08+6.1 08+6.8
Body temperature Placebo 32 36.4+0.5 -0.1+05 00+0.4
(°C) Active 35 36.3+04 -0.1+£0.3 0.0+0.4
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Variable n Week 0 AWeek 4 AWeek 8

Placebo 32 53+1.7 03+1.3 02+1.2
WBC (x10%/uL)

Active 35 51+14 0.2+0.8 0.0+0.8

Placebo 32 449.2 +455 8.8+27.4 6.5+18.9
RBC (x10%uL)

Active 35 4459 + 33.2 -1.4+20.2 3.9+234

Placebo 32 13.0+1.3 0.2+0.6 0.3+05
Hb (g/dL)

Active 35 13.3+1.1 0.0+0.6 0.2+0.7

Placebo 32 404 +3.6 0.3+21 05+16
Ht (%)

Active 35 406 £3.1 0.0+1.38 0.6+22

Placebo 32 27.7+58 1.7+27 06+29
Plt (x10%/uL)

Active 35 26.2+4.7 03+21 0.0+23

Placebo 32 194+6.4 0.0+34 1.2+9.1
AST (U/L)

Active 35 20.3+47 0.2+3.1 0.6+35

Placebo 32 16.9+125 -0.1+£5.7 6.5+34.7
ALT (U/L)

Active 35 164+7.0 0.3+5.6 1.3+5.7

Placebo 32 18.0+7.8 1.0+3.8 5.8+334
v-GTP (U/L)

Active 35 26.8 +41.0 3.7+20.8 03+7.3

Placebo 32 169.7 £49.2 23+16.1 10.8 +35.0
ALP (U/L)

Active 35 166.8 £34.5 8.0+17.1 8.0+ 146

Placebo 32 160.3 £19.6 2.4 +£10.0 49+10.3
LDH (U/L)

Active 35 167.9 +£26.7 05+11.6 14+114

Placebo 32 11.8+4.1 05+25 -02+21
BUN (mg/dL)

Active 35 12.2+3.6 -04+21 -0.2+25

Placebo 32 0.72 £0.07 -0.01 £0.04 —0.01 £ 0.04
CRE (mg/dL)

Active 35 0.69£0.11 —0.01 £0.04 0.00 £ 0.04

Placebo 32 42+11 00+04 -0.1+0.5
UA (mg/dL)

Active 35 41+0.9 0.0+05 0.1+0.6

Placebo 32 207.5+34.0 6.2 +13.3 6.0+ 17.6
TC (mg/dL)

Active 35 204.2 +31.5 -1.2+218 7.0+ 16.8

Placebo 32 119.06 +35.76  4.84 +12.47 1.87 +14.56
LDL-C (mg/dL)

Active 35 111.63+27.96 1.34+15.30 2.65+13.78
HDL-C (mg/dL) Placebo 32 74.8+15.9 29%5.1 47+6.6




Bioactive Compounds in Health and Disease 2020; 3(3): 32-54 Page 48 of 54

Variable n Week 0 AWeek 4 AWeek 8
Active 35 81.0+21.3 0.3+9.0 3.9+90
Placebo 32 73.9+45.6 43+223 -0.3+18.4
TG (mg/dL)
Active 35 69.7 + 35.8 3.6+234 1.0+£25.8
Placebo 32 83.5+5.7 06+54 0.2+39
FPG (mg/dL)
Active 35 85.4+5.0 0.3+4.2 —04+44
Placebo 32 5.4+0.2 0.0+0.1 -0.1+0.1
HbA 1 (%)
Active 35 54+0.2 -0.1+0.1 00+0.1

Values are shown as the mean + standard deviation. AWeek 4: change in value from baseline to week 4;
AWeek 8: change in value from baseline to week 8. Student’s z-test was performed.

BFR, body fat rate; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure;
WBC, white blood cell; RBC, red blood cell; Hb, hemoglobin; Ht, hematocrit; Plt, platelet; AST, aspartate
aminotransferase; ALT, alanine aminotransferase; y-GTP, y-glutamyltranspeptidase; ALP, alkaline
phosphatase; LDH, lactate dehydrogenase; BUN, blood urea nitrogen; CRE, creatinine; UA, uric acid; TC,
total cholesterol; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol;

TG, triglyceride; FPG, fasting plasma glucose; HbA |, hemoglobin Aic.

DISCUSSION

In the present clinical trial, we assessed the effect of the daily intake of the HK-HOKKAIDO strain
for 8 weeks on immunocompetence in subjects with low NK cell activity. We observed that
ingesting the HK-HOKKAIDO strain reduces the frequency and severity of common cold
symptoms in these subjects.

The primary outcome—a change in the NK cell activity—was not significantly different
between the HK-HOKKAIDO strain and placebo groups in this trial. The administration of heat-
treated L. plantarum to immunodeficient mice has reportedly increased the NK cell activity and
NK cell activity-related cytokines (TNF-a, IL-2, and IL-12) [22]. Moreover, in a clinical trial
involving 200 subjects 60 years of age, daily intake of heat-treated Lactobacillus paracasei ssp.
paracasei, Bifidobacterium animalis ssp. lactis, and heat-treated L. plantarum for 12 weeks
significantly increased the NK cell activity, IFN-y, and IgG levels in the test food group compared
with the placebo food group [23]. The data of this clinical trial were obtained during winter (from
December to February). Previous in vivo experiments reported that NK cell activity reduced under
the cold-stress [24-26]. For exploratory analysis, in subjects with NK cell activity between 60%
and 70%, we found that the NK cell activity in the placebo group was significantly decreased
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compared with that in the HK-HOKKAIDO group [change in NK cell activity from baseline to
week 8: placebo group (n = 15), —10.16% = 8.88%; HK-HOKKAIDO strain group (n = 17),
—0.80% =+ 7.68%; p = 0.003]. Among subjects with NK cell activity of <60%, no differences were
observed in the HK-HOKKAIDO strain and placebo groups. These results suggested that the HK-
HOKKAIDO strain suppressed the decrease of NK cell activity under cold stress, although our
results were limited.

With regard to the secondary endpoint, the frequency and severity of common cold symptoms
from day 29 to day 58 significantly declined in the HK-HOKKAIDO strain group compared with
that in the placebo group. Therefore, our results suggest that the daily intake of the HK-
HOKKAIDO strain for 8 weeks reduces the risk of common cold symptoms in participants with
low NK cell activity. However, this effect of the HK-HOKKAIDO strain was not observed until 4
weeks; rather, from day O to day 28, the frequency of common cold symptoms in the HK-
HOKKAIDO group was worse than that in the placebo group. Comprehensively, almost all
subjects in HK-HOKKAIDO strain group reported common cold symptoms from day 0 to day 7.
Previous studies have suggested that for demonstrating the effect of probiotics, the intervention
period should be >2 weeks [27-29]. Accordingly, it is suggested that at least 4 weeks of intake is
necessary for observing the immunostimulatory effect of the HK-HOKKAIDO strain. The viral
cold is contagious and can spread through cough and runny nose, and this infection can become
severe in infants and the elderly. Therefore, preventing the spread of infection and strengthening
the body’s immune system against infections are important [30,31]. The effects of probiotics on
the common cold symptoms have been reported in previous clinical trials [20,32]. Our findings
suggest that the daily intake of the HK-HOKKAIDO strain as a supplement has a preventive effect
on common cold.

In terms of the immunoglobulin (IgA, IgG, and IgM) and leukocyte fractions, no significant
difference was observed between the HK-HOKKAIDO strain and placebo groups, and there was
no association between these variables and the frequency of common cold symptoms. In addition,
no significant difference was observed in the salivary s-IgA levels between both groups. Viruses
infect the epithelial cells present on the surface of the upper respiratory tract, and mucosal
immunity is the key factor for the prevention of this infection [33]. s-IgA is an important factor in
mucosal immunity and is produced in the mucosa-associated lymphoid tissue in Peyer’s patch cells
[34]. In vitro studies on plant lactic acid bacteria have shown that s-IgA secretion was promoted
from Peyer’s patch cells, whereas in vivo experiments have shown that plant lactic acid bacteria

was associated with prolonged survival following influenza virus infection [35,36]. In the present
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study, a subgroup analysis was performed using the initial value of s-IgA; however, in participants
with low salivary s-IgA, the consumption of the HK-HOKKAIDO strain resulted in no difference
in evaluation variables, including common cold symptoms. Therefore, the objective evaluation
variables related to the immune function should be examined in the future.

Furthermore, no significant differences were observed between the HK-HOKKAIDO strain
and placebo groups in the VAS questionnaire assessing the gastrointestinal tract condition and
fatigue. Several studies have demonstrated the relationship between the intestinal flora and
immune function [37-39]. In the future, the effects of the HK-HOKKAIDO strain on the intestinal
flora should be investigated, and the association between the intestinal flora and
immunocompetence should be elucidated.

In the present clinical trial, no side effects or severe adverse events were observed during
physical and blood examinations or in the medical interviews. These results confirm the safety of
the 8-week intake of 5 x 10! CFU of the HK-HOKKAIDO strain daily as a health supplement.

This study had a few limitations. First, the effects of the consumption of the HK-HOKKAIDO
strain were assessed only for 8 weeks; therefore, the effects of its long-term consumption should
be investigated. Second, no improvement was observed in the objective evaluation variables owing
to the consumption of the HK-HOKKAIDO strain in this trial. Therefore, the objective evaluation
variables related to the immune function requires further investigation in the future. Third, the
mechanism of action of the HK-HOKKAIDO strain in reducing the severity of the cold symptoms

remains unknown and should be elucidated at the molecular level.

CONCLUSIONS

In the present study, we showed that the daily intake of the HK-HOKKAIDO strain for 8 weeks
reduced the severity and frequency of the common cold symptoms in patients with low NK cell
activity. Additionally, we confirmed the safety of the consumption of the HK-HOKKAIDO strain
over a period of 8 weeks. The findings of this 8-week randomized, double-blind, placebo-
controlled, parallel-group comparative trial support the use of the HK-HOKKAIDO strain as a

functional food with health benefits for individuals with low NK cell activity.

List of Abbreviations: ALT, alanine aminotransferase; ALP, alkaline phosphatase; AST, aspartate
aminotransferase; BFR, body fat rate; BMI, body mass index; BUN, blood urea nitrogen; CRE,
creatinine; DBP, diastolic blood pressure; y-GTP, y-glutamyltranspeptidase; Hb, hemoglobin;
HbA ., hemoglobin Ai;; HDL-C, high-density lipoprotein cholesterol; Ht, hematocrit; IgA,
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immunoglobulin A; IgG, immunoglobulin G; IgM, immunoglobulin M; LDH, Ilactate
dehydrogenase; LDL-C, low-density lipoprotein cholesterol; NK, natural killer; Plt, platelet; RBC,
red blood cell; SBP, systolic blood pressure; s-IgA, secretory IgA; TC, total cholesterol; TG,
triglyceride; UA, uric acid; WBC, white blood cell; VAS, visual analog scale.
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