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Abstract: We investigated the effect of a formula containing two different prebiotics
(bifidogenic growth stimulator and galacto-oligosaccharide) and fermented milk products
on intestinal microbiota and antibody responses to an influenza vaccine in enterally fed
elderly in-patients. Patients were administered either formula containing prebiotics and
fermented milk products (group F: n = 12, 79.9 + 9.5 years old) or standard formula
(group C: n =12, 80.7 £ 10.1 years old) via percutaneous endoscopic gastrostomy during a
14-week intervention period. Subjects were immunized with an influenza vaccine
(A/HINI1, A/H3N2, and B) at week 4 of the intervention. Blood biochemical indices,
intestinal bacteria populations and antibody titers were analyzed. Bifidobacterium counts
increased significantly in group F compared with group C. The enhanced antibody titers
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against A/HIN1 were maintained in group F for a longer period compared with group C.
The titers against A/H3N2 were unchanged between both groups, and those against B were
significantly lower in group F than in group C, although few subjects had seroprotective
titers against A/H3N2 and B. These results suggest that administration of the formula
containing prebiotics and fermented milk products may maintain antibody titers for longer
periods through the improvement of intestinal microbiota.

Keywords: enterally fed patients; Bifidobacterium; hemagglutination inhibition test;
seroprotective rate

1. Introduction

The elderly are generally known to be at greater risk of infectious diseases, as their immune
responses are less vigorous than in younger adults. Influenza causes morbidity and mortality,
particularly among older adults [1]. Influenza vaccination protects against influenza virus infection,
reducing the risks of death and hospitalization associated with serious complications, such as
pneumonia [2,3], however, the age-related decline of immune functions also reduces the responses of
elderly patients to the influenza vaccine [4]. Taking these studies into consideration, it is very
important to enhance the vaccine responses in the elderly.

Prebiotics and probiotics have been investigated for their usefulness in a range of clinical areas [5,6],
including prevention of influenza virus infection [7]. For example, Vos ef al. have suggested that
consumption of dietary oligosaccharides, such as galacto-oligosaccharide (GOS), may augment
systemic Th1-dependent immune responses in a murine vaccination model through the enhancement of
a proportion of fecal bifidobacteria and lactobacilli [8]. Influenza-vaccinated healthy elderly subjects
who consumed milk fermented with Lactobacillus had enhanced antibody titers against the virus [9].

On the other hand, a new type of prebiotic, known as bifidogenic growth stimulator (BGS), is a
product of milk whey protein fermented by Propionibacterium freudenreichii ET-3 isolated from
Swiss cheese. BGS was shown to selectively stimulate the growth of a Bifidobacterium spp. without a
growth stimulating effect on other intestinal bacteria [10,11].

In our previous intervention study, we examined the effects of simultaneous administration of BGS,
GOS, and an enteral formula containing fermented milk products on the intestinal microflora and
acquired immunity after influenza vaccination in enterally fed elderly patients [12]. These results
suggested that simultaneous administration of these three nutrients might improve the intestinal
microflora, contributing to longer-term maintenance of enhanced antibody titers against vaccines.
However, in our previous study, serum nutritional indices such as total protein (TP) and albumin (Alb)
were significantly higher in the intervention group than the control group during study period [12].

Antibody responses to vaccine antigens are reduced in the undernourished elderly population. The
antibody responses to influenza vaccination in hospitalized elderly patients were related to nutritional
indices such as serum albumin levels [13]. Therefore, in this randomized controlled trial, we examined
the effects of an enteral formula containing two different types of prebiotics, BGS and GOS, and
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fermented milk products on the intestinal microflora and antibody titers after influenza vaccination in
enterally fed elderly patients with no differences in baseline blood nutritional indices.

2. Experimental Section
2.1. Enteral Formula and Prebiotics

Two types of enteral formula, a standard enteral formula (Meibalance®; Meiji Co., Ltd., Tokyo,
Japan) and a study formula containing prebiotics and fermented milk products (YH-Flore; Meiji Co.,
Ltd.) were used. Both types of formulae were cow-milk based. The standard formula contained casein
and whey proteins. The study formula contained two different types of prebiotics, BGS (1.65 pg/100 kcal
as 1,4-dihydroxy-2-naphthoic acid (DHNA), the active substance of BGS) and GOS (0.4 g/100 kcal),
and pasteurized milk products fermented by Lactobacillus delbrueckii subsp. bulgaricus and
Streptococcus thermophilus. The study formula contained essentially the same nutrients as the standard
formula, with the exceptions of selenium, manganese, vitamin A, and vitamin C (Table 1).

Table 1. Nutrients in the standard and study enteral formulae.

Amount per 100 kcal
Standard Formula Study Formula
BGS (DHNA) * ug - 1.65

Nutrients Ingredients Units

Prebiotics Galacto-oligosaccharide g - 0.4
Protein g 4.0 4.0
Macronutrients Fat 8 28 28
Carbohydrate g 14.5 14.4
Fiber g 1.0 1.5
A pgRE ** 60 114
D ug 0.5 0.5
E mg 3.0 3.0
K ug 5.0 1.8
B mg 0.15 0.15
B, mg 0.2 0.2
Vitamins Niacin mg 1.6 1.6
Bs mg 0.3 0.3
Bz ug 0.6 0.6
Folic acid ug 50 50
Biotin ug 15 7.5
Pantothenic acid mg 0.6 0.6
C mg 16 50
Na mg 110 100
K mg 100 100
Electrolytes Ca me 60 80
Mg mg 20 20
P mg 60 85

Cl mg 140 110
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Table 1. Cont.

Amount per 100 kcal

Nutrients Ingredients Units
Standard Formula  Study Formula

Fe mg 1.0 1.0

Zn mg 0.80 1.0

Cu mg 0.08 0.05

Minerals Mn mg 0.23 0.01
Cr ug 3.0 2.4

Mo ug 2.5 2.9

Se ug 3.5 6.0
I ug 15 12.7

* Study formula contains BGS (1.65 pg/100 kcal as 1,4-dihydroxy-2-naphthoic acid (DHNA), the active

substance of BGS). ** RE, retinol equivalents.
2.2. Study Design and Participants

This study was an open-label, randomized, controlled trial that was carried out according to the
Helsinki Declaration. This study was registered under the UMIN identifier NO. UMINO000013593.
The study protocol was approved by the ethical committees of the Fukushimura Hospital and Meiji
Co., Ltd. In this study, written informed consent was obtained from all subjects or their relatives. The
patients’ anonymity has been preserved. Elderly patients (> 60 years old) on enteral nutrition hospitalized
at Fukushimura Hospital were enrolled as subjects. The exclusion criteria were patients with type 1
diabetes, type 2 diabetes, chronic kidney disease, severe infection, autoimmune disease, immunodeficiency,
hepatic failure, cow's milk allergy, soybean allergy, or gastrointestinal disorders such as diarrhea.
Thirty-two elderly subjects or their relatives consented.

At the start of this study (week 0), subjects were randomly assigned to a control group (group C: 16
subjects) or an intervention group (group F: 16 subjects). The standard enteral formula and the study
enteral formula were used for the control and intervention groups, respectively. These formulae were
administered to elderly patients by percutaneous endoscopic gastrostomy (PEG) during the 14-week
intervention period from November 2010 to February 2011. Following the intervention period,
standard formula was enterally fed in both groups for a 4-week follow-up period from February 2011
to March 2011. During the 14-week intervention period, four subjects in group C and four subjects in
group F dropped out of because of transition from enteral nutrition to parenteral nutrition. Overall,
12 subjects in each group completed the study. Two subjects (one subject in each group) were
excluded from the analysis of antibody titers because they were vaccinated on a different schedule
from the study design. The influenza vaccine was administered subjects in each group at week 4 of this
study. Stool samples were collected at weeks 0, 4, 8, 12, and 18. Blood samples were collected at
weeks 0, 4, 6, 8, 12, and 18.

2.3. Antibody Titers against Influenza Vaccine Antigens

The influenza vaccine was administered subcutaneously in the upper arm of subjects at week 4.
Viral strains of the vaccine were A/California/7/2009 (A/HIN1), A/Victoria/210/2009 (A/H3N2),
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and B/Brisbane/60/2008 (B). The hemagglutinin content of each strain was > 30 pg/strain.
Biochemical markers were measured. Plasma antibody titers against A/HIN1, A/H3N2, and B were
measured by the hemagglutination inhibition test (HI test). An HI antibody titer > 40 was regarded as
seroprotective [14,15]. Subjects who were seroprotected before vaccination (at week 4) were excluded
from the analysis of the seroprotective rate (%) and HI antibody titers after vaccination. Analysis of the
seroprotective rate and HI antibody titers were performed in the subjects who were seronegative (titer < 40)

before vaccination (at week 4). The seroprotective rate (%) was calculated as follows:

Seroprotective rate (%) = 100 x (Number of seroprotected subjects)/(Number of

(1)

seronegative subjects before vaccination)

2.4. Biochemical Indices

Serum nutrition indices, such as total protein (TP) and albumin (Alb), were assayed by the biuret
and bromocresol green (BCG) methods, respectively. Prealbumin (p-Alb) and transferrin (Tf) levels
were measured by the N-assay TIA prealbumin NITTOBO (Nittobo Medical, Tokyo, Japan) and N-Assay
TIA Tf-H NITTOBO (Nittobo Medical), respectively. Total cholesterol and LDL-cholesterol levels
were measured by N-Assay L T-CHO-H NITTOBO (Nittobo Medical) and Cholestest LDL (Sekisui
Medical, Tokyo, Japan), respectively. All measurements were performed by the Tousan Labo Center
(Toyohashi, Aichi, Japan).

2.5. Microbiota

We have measured seven major kinds of bacteria and total bacteria in feces. Bacterial counts were
determined by real-time PCR (described below). The collected stool samples were quickly stored at
—20 °C. Fecal bacteria gene analysis was performed as described below; fecal microbial DNA was
extracted from stool samples using the QIAamp DNA stool mini kit (Qiagen, Tokyo, Japan) and
multi-beads shocker (Yasui Kikai Inc., Osaka, Japan). In addition, counts were determined for
each bacterium, Bifidobacterium, Bacteroides, Clostridium coccoides, Clostridium leptum [16],
Lactobacillus [17], Enterobacteriaceae [18], Enterococcus and total bacteria [19] with the ABI 7300
real-time PCR system (Applied Biosystems, Tokyo, Japan) using QuantiTect SYBR Green PCR kit
(Qiagen) and published primer base sequences and reaction conditions.

The primers used to enumerate the target bacterial groups in the fecal samples are shown in Table 2.
The amplification program consisted of one cycle of reverse transcriptase denaturing at 95 °C for 15 min,
followed by 40-55 cycles of denaturation at 94 °C for 15 s, annealing at each temperature (Table 2) for
30 s, and extension at 72 °C for 30 s. The fluorescent products were detected at the end of the
extension step of each cycle. The measured count of each bacteria per 1 g feces was log-transformed
[logio (count/g of feces)].
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Table 2. Primer sets used in this study.

. , , Annealing

Target Organism Sequence (5' to 3') Temperature (°C)

Bifidobacterium Forward CTCCTGGAAACGGGTGG 60
Reverse GGTGTTCTTCCCGATATCTACA

Lactobacillus Forward CTTGTACACACCGCCCGTCA 57
Reverse CTCAAAACTAAACAAAGTTTC

Bacteroides Forward ATAGCCTTTCGAAAGRAAGAT 50
Reverse CCAGTATCAACTGCAATTTTA

i Forward AAATGACGGTACCTGACTAA
C: coccoides Reverse CTTTGAGTTTCATTCTTGCGAA 50
p Forward GCACAAGCAGTGGAGT

¢ leptum Reverse CTTCCTCCGTTTTGTCAA 50

Enterobacteriacede Forward CATTGACGTTACCCGCAGAAGAAGC 53
Reverse CTCTACGAGACTCAAGCTTGC

Enterococeus Forward CCCTTATTGTTAGTTGCCATCATT 56
Reverse ACTCGTTGTACTTCCCATTGT

Total bacteria Forward ACTCCTACGGGAGGCAGCAGT 60
Reverse GTATTACCGCGGCTGCTGGCAC

2.6. Data Analysis

356

For demographic and anthropometric characteristics, nutrient intakes, biochemical indices, and

intestinal microbiota, the Student’s #-test of equal variance or the Welch test of unequal variance was

applied for comparison between the two groups. Antibody titers were measured by the HI test, and

significant differences between the two groups were analyzed by the Mann—Whitney U test. Analysis

after vaccination was performed using the Friedman test. Statistically significant differences in the

seroprotective rates between the two groups were investigated by Fischer’s exact probability test.

Differences of p < 0.05 were considered to be significant.

3. Results

3.1. Safety of Formulae

There were no important harmful or unintended effects observed in groups C or F during the

study period.

3.2. Demographic and Anthropometric Characteristics, Nutrient Intakes and Blood Biochemical

Indices of Subjects

The clinical characteristics of the subjects are shown in Table 3. No significant differences in sex,

age, weight, or BMI were observed between groups C and F. Energy, protein, fat, and carbohydrate

intakes per day were similar between both groups (Table 3).
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Table 3. Characteristics and nutrient intakes of subjects at the start of the study.

Characteristics Group C  Group F P value
Number of subjects 12 12 -
Male/Female 6/6 517 N.S.
Age (years) 80.7+10.1 79.9+9.5 N.S.
Weight (kg) 43.0+5.7 419+£8.0 N.S.
BMI 17.8+25 17.6+33 N.S.

Nutrient intakes
Energy (kcal/kg/day) 23.5+£3.0 245+£56 N.S.
Protein (g/kg/day) 0.9+0.1 1.0+0.2 N.S.
Fat (g/kg/day) 0.7+0.1 0.7+0.2 N.S.
Carbohydrate (g/kg/day) 3.4+04  3.5+0.8 N.S.

Values are presented as means + standard deviation.

Table 4 shows the levels of the blood biochemical markers. There were no significant differences in
TP, p-Alb, Tf, total cholesterol (TC), LDL-cholesterol (LDL-c) levels, or immunoglobulin between the
two dietary groups during the study period. A significant difference in Alb levels was observed
between the two dietary groups at week 12.

Table 4. Biochemical indices of subjects (n = 12).

Biochemical Indices Group Week 0 Week 4 Week 6 Week 8 Week 12
GroupC 1.7£0.6 1.7£0.5 1.8+£0.5 1.8+£0.5 1.8+£0.5

IgG (g/dL)
GroupF  1.6+0.5 1.6+04 1.6+04 1.6+0.5 1.6+0.5
GroupC 372+139 373+140 390+143 384 +146 401 £ 153
IgA (mg/dL)
GroupF  415+139 400+107 401110 404+ 131 415+ 118
Group C 95.5+46.6 963+50.6 99.2+51.5 102.0+50.3 103.4+548
IgM (mg/dL)
GroupF 80.4+36.1 80.8+388 77.1+36.0 823+362 855+33.0
. GroupC 32+04 32+04 33+03 33+03 3.1+£04
Albumin (g/dL)
GroupF 33+0.3 35+04 34+£03 34+£03 34+£02%
) GroupC 6.6+0.5 6.7+0.5 6.8+0.7 6.8+0.7 6.9+0.6
Total protein (g/dL)
GroupF  6.6+09 7.0+0.6 6.7+0.5 6.6+0.7 72+0.6
) GroupC 189+50 18.1+64 179+49 19.5+£6.2 19.2+5.8
Prealbmin (mg/dL)

GroupF 188+49 189+7.5 19.1+62 20.1+5.1 22.1+£5.6

) GroupC  213+40 207 +45 217 +£43 223 +£49 222 +41
Transferrin (mg/dL)

GroupF  205+35 205 £33 208 £ 28 221 +£22 227 £32

Total cholesterol GroupC  188+39 189 £45 189 £ 37 190 + 39 190 £ 37

(mg/dL) GroupF 188 +40 211 +£35 203 £40 207 £ 37 219 +42
LDL-cholesterol GroupC 115+30 118+ 34 114+ 30 118+33 123 +£31
(mg/dL) GroupF 111 +£28 129 £ 22 116 £29 123 £29 134 +£29

Values are presented as means + standard deviation. * Significant differences between groups C and F (p < 0.05).

Biochemical indices at the follow-up period (week 18) were similar between both groups (data
not shown).
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3.3. Microbiota

Fecal bacterial counts [logio (counts/g of feces)] are shown in Table 5. There were no significant
differences between the two groups at week 0 in the counts of seven major kinds of fecal bacteria or
total bacteria. Bifidobacterium counts in group F increased gradually and were significantly higher
than those in group C at weeks 8 and 12. The differences in Bifidobacterium counts between two
groups remained statistically significant at the 4-week follow-up (week 18).

Although there was little difference in the average C. coccoides counts between groups C and F,
at week 12 C. coccoides counts in group F were significantly lower than in group C. There were no
significant differences between the two groups during the study period in any other fecal or total
bacterial counts. All other fecal bacterial counts, except for Bifidobacterium, were similar between
both groups at the 4-week follow-up (week 18).

Table 5. Fecal bacterial counts in groups C and F.

Bacteria Group Week 0 Week 4 Week 8 Week 12 Week 18
Bifidobacterium Group C 44+34 29+3.7 34+33 44+22 4.0+2.1
Group F 56+2.7 6.1+3.9 69+35* 80+26* 6.6+£25%*
Lactobacillus Group C 59+£2.6 59+3.1 59+3.1 57+£3.0 49+33
Group F 59+33 6.4+238 59+£29 6.6+3.0 7.0+£2.0
Bacteroides Group C 10.4£0.5 10.6 £ 0.4 9.9+0.8 10.4+0.5 10.5+0.6
Group F 10.0+ 0.7 10.8 + 0.6 103+ 1.1 10.1+1.0 10.3 £0.6
Group C 10.8 £0.3 10.9+0.3 10.7+£0.5 10.9+0.2 10.9+0.3

C. coccoid
COCCOE GroupF 108+04 10803  10.7£04  106+£04*  10.8+03

Group C 10.4+0.2 10.3+£0.2 10.3+£04 104 +£0.2 10.3+£0.5

C. leptum GroupF  10.0+09  102+03  10.1£04  102+04  104+02
Errorobactoniacege GTOWC  83£0.9 8.1+ 1.0 7.5+ 1.6 77414 74416
GroupF  8.0+13 8.7+ 1.4 8.5+1.1 82413 8.0+ 1.3

erorococens | GOWC 63%13 6.0+ 1.4 6.1+13 6.7+ 1.4 6.4+ 13
GroupF  7.0£0.9 6.7+1.1 6.6+ 1.1 6.841.1 6.841.7

Group C 11.4+£0.2 11.4+£0.2 11.2+04 11.5+0.2 11.4+£0.3
Group F 11.4+0.3 11.6+0.2 114+0.3 11.5+0.3 11.5+0.1

Total bacteria

Values are presented as means (logio count/g of feces) + standard deviation. * Significant differences
between groups C and F (p < 0.05).

3.4. Antibody Titers against Influenza Vaccine

The number of patients who achieved seroprotective antibody titers, the seroprotective rate (%) and
the HI antibody titers are shown in Table 6. Influenza vaccines were administered at week 4 in
each group.

Analysis of the number of seroprotective patients, the seroprotective rate (%) and HI antibody titers
were performed in the subjects who were seronegative (titer < 40) before vaccination. Since there were
three subjects (group C: two subjects; group F: one subject) with seroprotective antibody titers against
the B antigen (titer > 40) before vaccination, these subjects were excluded from analysis of the number
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of seroprotective patients, the seroprotective rate, and HI antibody titers against the B antigen. No subjects
had seroprotective antibody titers against the A/HIN1 or A/H3N2 antigens before vaccination.

Table 6. The number (rate (%)) of seroprotective patients (upper number) and antibody
titers (lower number).

The Number (Rate (%)) of seroprotective patients (HI > 40)
HI antibody titers

Antigen Group

Week 4
Week 0 R Week 6 Week 8 Week 12
vaccination
Group C 0 (0%) 0 (0%) 4 (36%) 1 (9%) 1 (9%)
A/HINI P 6.8+4.6 6.8+4.6 314+45.1° 25.5+45.1 24.1+455
Groun F 0 (0%) 0 (0%) 5 (45%) 5 (45%) 2 (18%)
3 7.7 +4.7 64+23 459+5817 314+278" 21.4+22.0
0 (0%) 0 (0%) 1 (9%) 1 (9%) 1 (9%)
Group C § N
AJHBN? 6.8+4.6 6.8+4.6 13.6 +£10.7 14.1+104" 12.7+10.6
Groun F 0 (0%) 0 (0%) 1 (9%) 2 (18%) 1 (9%)
P 105+ 6.5 10.0+6.7 14.5+10.8 159+ 13.6 14.5+10.8
Group C 0 (0%) 0 (0%) 2 (22%) 2 (22%) 1 (11%)
B p 11.7+6.6 10.6 £ 5.8 17.8+£13.0 17.8+£13.0 13.9+10.5
Groun F 0 (0%) 0 (0%) 1 (10%) 1 (10%) 1 (10%)
P 8.0+4.8 8.5+63 13.5+£23.5%* 140+ 233 * 10.0+10.8

The upper number is number of subjects with a seroprotective antibody titer and the seroprotective rate (%)
which is presented within parenthesis. The lower number is mean + SD of the HI antibody titers. Analysis of
the number (rate (%)) of seroprotective patients and HI antibody titers were performed in the seronegative
subjects (the titer < 40) before vaccination (at week 4). Because there were three subjects (group C:
two subjects; group F: one subject) with seroprotective antibody titers against B antigen (the titer > 40)
before vaccination, these subjects were excluded from analysis of the number (rate (%)) of seroprotective
patients and HI antibody titers against B antigen. No subjects had seroprotective HI antibody titers against
A/HIN1 or A/H3N2 antigen before vaccination. Seroprotective rate (%) was calculated as follows:
Seroprotective rate (%) = 100 x (Number of seroprotected subjects)/(Number of seronegative subjects before
vaccination). * Significant differences between groups C and F (p < 0.05). T Significant differences compared
with week 4 in each group (p < 0.05).

The upper number in Table 6 shows the number of subjects with seroprotective antibody titers and
seroprotective rate (%) which is presented within parenthesis. Although few subjects with seroprotective
antibody titers against A/H3N2 and B after vaccination were found in either group in this study,
the number of those with seroprotective titers against A/HIN1 antigen increased at week 6. The
increased number of subjects with seroprotective titers against A/HIN1 antigens in group F was
maintained at week 8, whereas the number of those with seroprotective titers in group C decreased
rapidly at week 8. There were no significant differences in the number of patients with the
seroprotective titers against A/HIN1, A/H3N2, or B antigens between the two groups.

Changes in specific HI antibody titers against the influenza vaccine are shown in Table 6 (lower
numbers). The HI antibody titers against the A/HIN1 antigens in group F increased significantly at
weeks 6 and 8 compared with those at week 4 (the time of vaccination). In contrast, the antibody titers
against the A/HIN1 antigens in group C were augmented significantly at week 6 compared with those
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at vaccination, but not at week 8. There were no significant differences in the antibody titers against
A/HINI antigens between the two groups. The antibody titer to B antigen was significantly lower for
group F subjects than group C subjects at weeks 6 and 8.

4. Discussion

We examined the effects of an enteral formula containing two different types of prebiotics, BGS
and GOS, and fermented milk products on intestinal microbiota and immunological response after
influenza vaccination in enterally fed elderly patients in a randomized, controlled trial. Our results
revealed that enteral administration of the study formula containing prebiotics and fermented milk
products may improve intestinal microbiota and may contribute to maintenance of antibody titers
against influenza viral A/HIN1 antigen for longer periods in elderly patients, without any change in
blood nutritional indices.

The study formula contains almost the same nutrients as the standard formula, except for selenium,
manganese, vitamin A and vitamin C (Table 1). The previous study in institutionalized elderly subjects
showed that the simultaneous administration of micronutrients, such as selenium, manganese, vitamin
A and vitamin C, did not increase the antibody response after influenza vaccination [20]. A different
study of elderly subjects also suggested that the consumption of vitamin C had no effect on HI
antibody titers against influenza vaccine antigens [21]. No consistent associations were found between
vitamin C levels and immune responses to vaccine antigens in undernourished children [22]. Together,
these results suggest that the differences in selenium, manganese, vitamin A, and vitamin C levels in
formula given to subjects in groups C and F most likely did not affect antibody titers against influenza
vaccine in our study.

We measured the counts of seven types of fecal bacteria in elderly patients administered formula by
PEG. These bacterial counts observed in this study were almost the same as previous reports, except
for Bifidobacterium [16,18,23,24]. The mean Bifidobacterium counts in this study in groups C (4.4 £ 3.4)
and F (5.6 = 2.7) (Table 5) at week 0 were about 1/10,000 of those (9.5 £ 0.1) [18] and (9.6 + 0.5) [23]
from previous studies of healthy elderly subjects. In addition, the standard deviations of
Bifidobacterium counts in groups C and F were larger than those in reported previous studies in
healthy elderly subjects [18,23]. These findings indicate that the individual variation of fecal
Bifidobacterium counts in elderly patients administered formula by PEG was larger than those in the
healthy elderly population.

In this study, enteral administration of the study formula containing prebiotics and fermented milk
products significantly increased fecal Bifidobacterium counts. Therefore, our results suggest that
enteral feeding of the study formula may improve microbial imbalance, termed dysbiosis, in enterally
fed patients.

Except for Bifidobacterium, there were few significant differences between the two groups
regarding the bacterial counts. Though C. coccoides counts were significantly decreased in group F at
week 12 (p < 0.05), there was little difference in the average value between the two dietary groups. In
addition, there were no significant differences in C. coccoides counts in groups C and F at week 12
compared with week 0 (p > 0.05). These results suggest that administration of the study formula does
not affect intestinal C. coccoides counts.
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Administration of prebiotics such as GOS is effective in increasing the population of bifidobacteria [25].
A new type of prebiotics, BGS, was also found to stimulate growth of bifidobacteria in the
colon [11,26]. In fact, BGS intake was effective to increase the detection rate of fecal bifidobacteria
and improved the fecal properties in enterally fed elderly patients [11]. Although probiotics are
generally defined as live microbial feed supplements, heat-killed Lactobacillus administration also
exhibits a stimulatory effect on bifidobacteria [27]. Therefore, the three nutritional ingredients of the
study formula, namely, BGS, GOS, and heat-treated milk products fermented by L. delbrueckii subsp.
bulgaricus and S. thermophilus, may additively or synergistically improve the imbalance of microflora
in enterally fed elderly patients.

Few subjects in this study attained seroprotective titers against A/H3N2 and B antigens after
influenza vaccination in either experimental group, though antibody titers against A/HINI1 were
enhanced. On the other hand, our previous results showed that HI antibody titers against A/HIN1 and
A/H3N2 antigens were increased after vaccination with little enhancement of titers against B antigens [12].
There were differences in antibody responses to the A/H3N2 antigen between our previous study and
our present study. Influenza vaccines used in both studies contained different influenza A/H3N2 strain
antigens, A/Hiroshima/52/2005 in our previous study and A/Victoria/210/2009 in our present study.
A consecutive four-year study in influenza-vaccinated healthy elderly subjects suggested that antibody
responses to the A/H3N2 antigen changed due to the use of influenza vaccines containing different
influenza A/H3N2 strain antigens [28]. Therefore, the difference of A/H3N2 strain between both
studies may have affected the HI antibody responses.

In our present study, influenza vaccination augmented the seroprotective rates and HI antibody
titers against A/HIN1 antigens in both groups. The HI antibody titers in group F against the A/HIN1
antigens increased significantly at weeks 6 and 8 compared with the baseline, though in group C the
antibody titers against the A/HIN1 antigens increased significantly at week 6 only. The seroprotective
rate also increased at weeks 6 and 8 in group F, whereas an augmented seroprotective rate in group C
was observed at week 6 only. These results indicated that the enteral administration of the study
formula containing prebiotics and fermented milk products maintained enhanced antibody titers for
longer periods in elderly individuals. In undernourished elderly persons, vaccines may induce a lower
level of protection than in well-nourished persons [13]. Although, in this study, there were significant
differences in Alb levels between the two dietary groups at week 12, no differences in serum Alb
levels between the two dietary groups were found at weeks 6 and 8. Therefore, increased serum Alb
levels at week 12 in group F are considered not to affect the augmented antibody titers at weeks 6 and
8 after influenza vaccination. In addition, daily intake of energy, protein, fat and carbohydrates, and serum
levels of nutrition indices (TP, p-Alb, and Tf) during study period were similar in groups C and F.
These results demonstrated that differences in the nutritional status of subjects in both groups did not
affect immune responses after vaccination.

Influenza is a leading cause of hospitalization and death for individuals over 75 years of age [29].
Influenza vaccination protects against influenza illness and reduces the risk of death and hospitalization
associated with serious complications, such as pneumonia [2,3]. Our results showed that enteral intake
of the study formula containing two types of prebiotics and fermented milk products may maintain
augmented HI antibody titers against influenza vaccine antigens during longer periods in elderly
patients. These results suggest that the administration of formula containing two types of prebiotics
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and fermented milk products may reduce the risk of death and hospitalization caused by influenza
virus infection among the elderly vaccinated against influenza.

The limitation of this study is that the intervention was conducted only among elderly patients
administered formula by PEG, suggesting it is hard to apply the results from the present study to a
healthy subjects. The strengths of our study include the use of the enteral formula containing prebiotics
and heat-treated fermented milk products. Severely immunodeficient subjects may be at risk from
treatment with live probiotic microorganisms [30] and therefore the use of prebiotics or nonviable
bacteria would be a safer alternative.

5. Conclusions

Our results show that enteral administration of the study formula containing two types of prebiotics
and fermented milk products may improve intestinal microbiota and that enteral administration of the
study formula may maintain antibody titers against influenza viral A/HINI antigens during longer
periods in elderly patients. Interestingly, in a study in infants, who are in general as vulnerable as the
elderly, consumption of fermented formula and increased antibody responses after vaccination correlated
with fecal Bifidobacterium levels [31]. Especially, when taking this past study into consideration, our
results suggest that administration of the study formula maintains antibody titers against influenza viral
A/HINI1 antigens for longer periods through the improvement of intestinal microflora.
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