
ABSTRACT
Background: The aging process can lead to a decline in cellular
immunity. Therefore, the elderly could benefit from safe and
effective interventions that restore cellular immune functions.
Objective: We determined whether dietary supplementation
with the known immunostimulating probiotic Bifidobacterium
lactis HN019 could enhance aspects of cellular immunity in
elderly subjects.
Design: Thirty healthy elderly volunteers (age range: 63–84 y;
median: 69 y) participated in a 3-stage dietary supplementation
trial lasting 9 wk. During stage 1 (run-in), subjects consumed
low-fat milk (200 mL twice daily for 3 wk) as a base-diet control.
During stage 2 (intervention), they consumed milk supplemented
with B. lactis HN019 in a typical dose (5 � 1010 organisms/d) or
a low dose (5 � 109 organisms/d) for 3 wk. During stage 3
(washout), they consumed low-fat milk for 3 wk. Changes in the
relative proportions of leukocyte subsets and ex vivo leukocyte
phagocytic and tumor-cell-killing activity were determined lon-
gitudinally by assaying peripheral blood samples.
Results: Increases in the proportions of total, helper (CD4+), and
activated (CD25+) T lymphocytes and natural killer cells were
measured in the subjects’ blood after consumption of B. lactis
HN019. The ex vivo phagocytic capacity of mononuclear and
polymorphonuclear phagocytes and the tumoricidal activity of
natural killer cells were also elevated after B. lactis HN019 con-
sumption. The greatest changes in immunity were found in sub-
jects who had poor pretreatment immune responses. In general,
the 2 doses of B. lactis HN019 had similar effectiveness.
Conclusion: B. lactis HN019 could be an effective probiotic
dietary supplement for enhancing some aspects of cellular
immunity in the elderly. Am J Clin Nutr 2001;74:833–9.
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INTRODUCTION

The elderly represent an ever-increasing proportion of most
Western populations (1). Many of the health issues faced by the
elderly are the consequence of declining physiologic function with
increasing age, which leads to a predisposition to infectious and
noninfectious diseases and increased morbidity and convales-

cence. The immune defense system in particular is known to be
adversely affected by the aging process (2, 3), and there is strong
evidence that a poorly functioning immune system can contribute
to decreased disease resistance and reduced life expectancy in the
elderly (4, 5). Immunosenescence is characterized by suboptimal
function of the cellular immune system in particular (6, 7). The
most well-characterized age-related changes involve thymic (T)
lymphocytes, including a decrease in the numbers of mature CD3+

T cells in peripheral circulation, a decrease in the pool of naive
(CD45RA+) T cells, a predisposition toward T helper 2 phenotype
expression, and poor capacity of peripheral blood T cells to pro-
liferate and secrete interleukin 2 or to contribute to effective
delayed-type hypersensitivity responses in vivo (8, 9).

Immunosenescence can also be expressed by changes in the
function or proportions of leukocytes that contribute to innate
immunity, such as phagocytes and natural killer (NK) cells
(10–12), although far less research has been done on this topic
than on the effects of aging on T cells. Both polymorphonuclear
and mononuclear phagocytes expressed diminished in vitro
activity in elderly subjects (13, 14), mostly through a decline in
opsonin-mediated phagocytosis (11). NK cells also had dimin-
ished in vitro activity in the elderly (12). Up to 70% of subjects
older than 70 y had low NK cell–mediated cytotoxicity
responses against K562 tumor cells compared with 40% of
young adults (15), although there are contradictory reports that
elderly subjects selected on the basis of strict health-perfor-
mance criteria do not show lower NK cell numbers or function
(6, 16). Nevertheless, a decline in innate immune cell function
is generally considered to be a contributing factor to decreased
immunity in the elderly (11). Moreover, because both NK cells
and phagocytes (particularly monocytes) secrete many immuno-
regulatory cytokines (17), their potentially diminished function
in elderly individuals may have important downstream effects on
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immune events in the integrated immune system, such as lym-
phocyte activation and differentiation. Accordingly, interventions
that can combat immunosenescence by restoring cellular immune
function are highly desirable.

An attractive means of restoring immune function is dietary
intervention. Previous research in the elderly showed that dietary
supplementation with micronutrients enhanced some aspects of
cellular immunity, including the proportion of circulating T lym-
phocyte subsets and the in vitro activity of blood-derived NK cells
(18–20). Another dietary regimen that could benefit the elderly is
probiotic supplementation with immunostimulating strains of lac-
tic acid bacteria. Certain well-defined lactic acid bacteria strains
were shown to be potent enhancers of immunity and to offer clini-
cal benefits to defined groups. For example, Lactobacillus rhamno-
sus strain GG has been used successfully as a dietary immunomod-
ulator in pediatric care. When used as an oral adjuvant, L.
rhamnosus GG increased antigen-specific immune responses in
children administered rotavirus vaccine (21). In hospitalized chil-
dren, L. rhamnosus GG enhanced rotavirus-specific antibody titers
and promoted recovery from diarrhea (22, 23). In contrast, how-
ever, the ability of defined probiotic lactic acid bacteria strains to
modulate immunity in the elderly has not been reported.

The present report describes the outcomes of a 9-wk dietary
intervention trial designed to determine the effects of the
immunomodulating probiotic Bifidobacterium lactis HN019 on
cellular immunity in the elderly. This strain was previously
shown to possess immune-enhancing properties in humans and
animal models (24, 25).

SUBJECTS AND METHODS

Subjects

Elderly volunteers were invited to enroll in this dietary trial
via newspaper advertisements in the Manawatu-Wanganui region
of New Zealand during February and March 1999. Thirty healthy
subjects aged 63–84 y (median: 69 y) were enrolled. The sample
size was estimated to provide 98% and 91% statistical power for
the phagocytosis and NK cell assays, respectively (MINITAB
software, version 12; Minitab Inc, State College, PA) on the
basis of preliminary immunologic data (B-L Chiang and HS Gill,
unpublished observations, 1999). The subjects were 12 men (age
range: 65–84 y; weight range: 61–96 kg) and 18 women (age
range: 63–80 y, weight range: 50–97 kg). The enrolled subjects
were all living independently (ie, not in residential care).

The eligibility of the subjects was assessed by interviewing
them and consulting with their health care providers. The inclu-
sion criteria were general good health and mobility and a will-
ingness to either follow the trial guidelines (eg, avoid potentially
conflicting nutritional or vitamin supplements) or provide notifi-
cation of noncompliance. Exclusion criteria included any recent
history of acute or chronic debilitating illness and any intoler-
ance to milk products. Informed consent was obtained, and sub-
jects were told that some of the milks that they would consume
might contain microorganisms with health benefits. The trial
protocol was approved by the Manawatu-Wanganui Ethics Com-
mittee, New Zealand.

Diets

Low-fat milk (LFM), which was also low in lactose, was sup-
plied in powder form by the New Zealand Dairy Board (Welling-

ton, New Zealand). B. lactis (strain HN019) was obtained
from the microbial strain culture collection of the New Zealand
Dairy Research Institute (Palmerston North, New Zealand).
Lyophilized bacteria were incorporated into the LFM powder to
provide 2 different doses: a typical dose (1 � 109 organisms/g
powder) and a low dose (1 � 108 organisms/g powder). Subjects
were allocated by random drawing into 2 groups of 15; 1 group
received the typical dose and the other received the low dose of
probiotic supplement during stage 2 of the trial.

The diets were vacuum-sealed inside sachets (25 g/sachet)
containing either LFM powder or B. lactis HN019–supplemented
LFM powder. The sachets were stored at room temperature and
were supplied directly to the participants. The sachets were num-
ber-coded respective to each individual trial participant, but the
participants did not know which treatment they were receiving.
Each participant was given a supply of sachets sufficient to last
throughout each stage of the trial; replenishments were given for
the next stage at regular visits by their health care provider (every
3 wk). Sachets were reconstituted by the subjects immediately
before consumption by mixing the powder with 200 mL cool
drinking water according to the instructions.

Protocol

The trial had a 3-stage, pre-post intervention design to detect
changes in immunity corresponding to changes in diet over
time. Each subject served as his or her own internal control for
the data analyses. During the first stage (run-in; weeks 1–3), all
subjects consumed unsupplemented milk (25 g LFM powder per
200 mL) twice daily. During the second stage (intervention;
weeks 4–6), subjects consumed milk supplemented with B. lac-
tis HN019 as follows: 6 men and 9 women consumed the typical
dose of B. lactis (total intake: 5 � 1010 organisms/d; typical-
dose group) and 7 men and 8 women consumed a lower dose of
B. lactis (total intake: 5 � 109 organisms/d; low-dose group).
During the third stage (washout; weeks 7–9), all subjects con-
sumed unsupplemented milk.

Throughout the trial, the subjects’ general health was assessed
at each immune measurement time point (see below) via direct
interview conducted by the health care provider. Subjects were
asked to confirm their compliance with, or deviation from, the
dietary regimens.

Blood sampling and immune measurements

Peripheral blood samples were obtained from subjects by
venipuncture at 4 time points: 1) week 0 (baseline, immediately
before the trial began), 2) at the end of week 3 (after subjects had
consumed unsupplemented milk for 3 wk), 3) at the end of week 6
(after subjects had consumed B. lactis HN019–supplemented
milk for 3 wk), and 4) at the end of week 9 (after subjects
stopped consuming B. lactis HN019 and consumed unsupple-
mented milk for the final 3 wk of the trial).

Blood samples were number-coded with respect to subject iden-
tification and time point; laboratory personnel did not know the
meaning of these codes. Major leukocyte subset phenotypes were
enumerated in EDTA-treated whole-blood samples via flow cytom-
etry (FACScalibur CELLQUEST software, version 1.2.2; Becton
Dickinson, Oxford, United Kingdom) by using the following fluo-
rochrome-conjugated monoclonal antibodies (Becton Dickinson):
anti-CD3+, -CD4+, -CD8+, -CD19+, -CD25+, -CD56+ and -HLA-
DR+. The results are expressed as the percentage of mononuclear
cells that stained positively for each cell surface marker.
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In vitro phagocytic activity was determined in whole-blood
samples after the uptake of fluoresceinated Escherichia coli (25).
Phagocytically active monocytes and polymorphonuclear cells
were differentiated by flow cytometry and the results are
expressed as the percentage of each leukocyte sample showing
phagocytic activity (25). To assess in vitro tumoricidal activity,
mononuclear cells were separated from whole blood as described
previously (24), and viable cells were resuspended to the desired
concentration in RPMI 1640 medium (Sigma Chemical Co, St
Louis) supplemented with 10% fetal calf serum. Tumoricidal
activity was assessed by killing D275-stained K562 cells (an NK
cell–specific target) at an effector-to-target ratio of 40 to 1 with
an assay system that was developed in our laboratory to be opti-
mal for determining cytotoxicity (25). The percentage of target
cells killed was determined with propidium iodide exclusion by
using flow cytometry (25).

Statistical analyses

Repeated-measures analysis of variance was used to identify
changes in immune measurements associated with different
treatment regimens over time; significant differences between
time point 3 and all other time points were identified by using
Dunnett’s post hoc tests with week 6 as the reference week. P < 0.05
was considered sufficient to reject the null hypothesis of no
treatment effect.

At the outset of the study, there was an a priori reason to
believe that consumption of B. lactis HN019 could enhance
some immune variables (24, 25). Therefore, additional analyses
were undertaken to compare the magnitude of changes in B. lactis–
induced immune responses between groups and subgroups.
Thus, data were also expressed as the relative increase in
immune response during consumption of B. lactis HN019, cal-
culated as the percentage change in response between time
points 2 and 3 for each subject. These changes were compared
between the typical-dose and low-dose groups by using the two-
sided Wilcoxon’s rank-sum test.

In addition, the immune-response data of individual subjects
obtained at time point 2 were ranked in descending order within

each dose group (n = 15 per group). Ranked data were then strat-
ified for each group: the lowest tertile of responses was desig-
nated as a subgroup with a poor pretreatment immune response
(n = 5) and the highest and middle tertiles were combined and
designated as a subgroup with an adequate pretreatment immune
response (n = 10).

The percentage increases in responses resulting from consump-
tion of B. lactis HN019 were subsequently compared between the
subgroups with poor and adequate pretreatment immune responses
by using Wilcoxon’s rank-sum tests.

RESULTS

Clinical observations

Of the 30 subjects initially enrolled in the trial, 1 withdrew
from the low-dose group before the intervention because of a
dislike of the taste of reconstituted milk and some digestive dis-
comfort. Follow-up studies indicated that these symptoms ended
after the subject withdrew from the trial. All other subjects
reported compliance with the dietary regimens. Throughout the
9-wk study, the subjects reported no other adverse effects on
health or any general health problems associated with consump-
tion of either the unsupplemented milk or the milk containing the
probiotic supplement.

Overall changes in immune variables

Between-group analyses indicated no significant overall dif-
ferences in immune variables between the low-dose and typical-
dose groups. However, there were significant time-dependent
treatment effects within both groups. There were no significant
changes between time points 1 and 2. Significant changes were
recorded for some immune variables between time points 1 or 2
(preintervention) and time point 3 (postintervention). The pro-
portion of mononuclear leukocytes staining positively for CD3+

(T lymphocytes), CD4+ (MHC II–restricted T cells), CD25+

(interleukin 2 receptor), and CD56+ (NK cells) increased signifi-
cantly after consumption of B. lactis HN019 (Table 1). After the
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TABLE 1
In elderly subjects participating in a probiotic supplementation trial, the percentage of mononuclear leukocytes that stained positively for major phenotype
cell-surface markers at each of the 4 time points1

Time point

1 2 (after 3 wk consumption 3 (after 3 wk supplementation 4 (3 wk after cessation 
(baseline) of unsupplemented LFM) with B. lactis HN019)2 of B. lactis HN019)

%

T cells
Total (CD3+) 65.1 ± 2.13 64.9 ± 2.63 67.9 ± 2.6 65.9 ± 2.7
CD4+ 41.0 ± 1.64 41.7 ± 1.84 45.2 ± 1.3 43.7 ± 1.9
CD8+ 19.2 ± 2.1 20.4 ± 2.0 19.6 ± 2.1 19.5 ± 2.1
CD25+ 6.4 ± 0.74 6.9 ± 0.74 11.0 ± 1.0 7.3 ± 0.74

B cells
CD19+ 10.7 ± 1.4 10.3 ± 1.2 11.2 ± 1.1 9.5 ± 1.1

NK cells
CD56+ 14.8 ± 1.34 15.9 ± 1.45 18.2 ± 1.4 16.9 ± 1.6

APCs
HLA-DR+ 13.7 ± 1.4 15.4 ± 1.3 15.1 ± 1.3 14.5 ± 1.1

1 x– ± SEM; n = 15. LFM, low-fat milk; NK, natural killer; APCs, antigen-presenting cells.
2 Dosage was 5 � 1010 Bifidobacterium lactis HN019 organisms/d.
3–5 Signficantly different from time point 3 (Dunnett’s post hoc test): 3 P < 0.05, 4 P < 0.001, 5 P < 0.01.
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3-wk washout period without probiotic supplementation (ie, at
time point 4), these values declined (Table 1), although only in
the case of CD25+ cells was this decline significant when com-
pared with time point 3. The proportions of cells staining
positively for CD8+ (MHC I–restricted T cells), CD19+ (B lym-
phocytes), and HLA-DR+ (MHC II–bearing antigen-presenting
cells) remained unaltered throughout the trial.

The percentages of both mononuclear and polymorphonuclear
cells showing phagocytic activity in vitro increased significantly
after consumption of B. lactis HN019 (Figure 1). In addition,
tumoricidal activity against K562 cells increased significantly

after consumption of B. lactis. In all cases, the values at time
point 3 for in vitro cellular function were significantly greater
than those at time points 1, 2, or 4 (Table 1 and Figure 1).

Relative increases in cellular immune function after 
B. lactis HN019 supplementation

The phagocytic and tumoricidal activities of mononuclear and
polymorphonuclear cells were analyzed further by re-expressing
the data as the relative increases in immune responses between
time points 2 and 3 (ie, the period reflecting immune response
changes resulting from B. lactis HN019 consumption) for each
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TABLE 2
Percentage increases in in vitro immune responses between time points 2 and 3 after consumption of Bifidobacterium lactis HN019 by elderly subjects in
the 2 dosage groups1

Subjects with adequate Subjects with poor
Immune variable and dosage group2 All subjects preintervention immunity3 preintervention immunity3

%

PMN cell phagocytosis
Typical dose 14.5 (7.6, 21.4) 94 21
Low dose 18.5 (9.5, 27.5) 16 23

Mononuclear cell phagocytosis
Typical dose 38.2 (20.2, 56.2) 254 53
Low dose 40.3 (20.8, 59.8) 30 58

NK cell tumoricidal activity
Typical dose 52.1 (17.4, 86.8) 37 69
Low dose 61.8 (23.8, 99.8) 49 82

1 x–; 95% CI in parentheses. n = 15 for entire typical-dose group and 14 for entire low-dose group. For subgroups with adequate and poor preintervention
immunity, n = 10 and 5, respectively for typical-dose group and n = 9 and 5, respectively, for low-dose group. PMN, polymorphonuclear; NK, natural killer.

2 Typical dose was 5 � 1010 B. lactis HN109 organisms/d and low dose was 5 � 109 B. lactis HN109 organisms/d.
3 Preintervention immunity was defined on the basis of in vitro immune response; responses were stratified into poor and adequate subgroups (lowest ter-

tile and middle and highest tertiles combined, respectively).
4 Significantly different from group with poor preintervention immunity, P ≤ 0.02.

FIGURE 1. Mean (± SEM) phagocytic activity of polymorphonuclear and mononuclear cells and tumoricidal activity of natural killer cells after
consumption of 5 � 1010 Bifidobacterium lactis HN019 organisms/d (in lactose-hydrolyzed low-fat milk) as a probiotic dietary supplement. Peripheral
blood samples were obtained from 15 elderly subjects at 4 time points throughout the trial and immune responses were assessed via in vitro assays of
leukocytes. **,*Significantly different from week 6: **P < 0.005, *P < 0.01.
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subject. Consumption of B. lactis HN019 led to average increases
in cellular immune function of between 14.5% and 61.8%, with
the greatest effect on NK cell activity (Table 2). There were no
significant differences between the low-dose and typical-dose
groups in the relative magnitude of immune enhancement,
although increases tended to be greater in the low-dose group.

Subjects’ preintervention immune responses were ranked and
stratified into poor and adequate responses, as depicted in Figure 2.
The percentage changes in immune responses observed
between time points 2 and 3 were then compared between the
poor and adequate subgroups. Individuals with poor preinter-
vention immunity had consistently greater relative increases in
immune function than did those with adequate preintervention
immunity (Table 2). These differences were significant for
mononuclear and polymorphonuclear cell phagocytosis in the
typical-dose group.

DISCUSSION

The results of this study suggest that modifications in some
aspects of cellular immunity can be achieved in the elderly by
supplementation with an immunostimulating probiotic for 3 wk.
This may have practical significance for enhancing immune func-
tion in the elderly; dietary intervention was proposed previously
as a possible means of countering immunosenescence (26, 27). In
previous studies, dietary supplements (single-nutrient or multivi-
tamin and mineral) were effective at increasing the proportions of
circulating T lymphocyte subsets and enhancing NK cell function
in the elderly (18–20, 28, 29). The present study showed similar
changes in cellular immunity after subjects consumed a milk-
based dietary supplement containing B. lactis HN019. This rein-
forces the theory that dietary interventions could be a simple and
effective means of achieving some improvements in health that
depend on an optimally functioning immune system.

Consumption of B. lactis HN019 enhanced the proportions of
total, helper, and activated T cells in the peripheral circulation.

Immunosenescence can be characterized by reduced proportions
of each of these lymphocyte phenotypes (6, 7). Thus, in agree-
ment with previous studies of micronutrient supplementation,
B. lactis HN019 consumption in the present study conferred
modest increases in immune cell populations that may be associ-
ated with health improvements in the elderly. Chandra (19) showed
that increases in circulating lymphoid cells after multivitamin
and mineral supplementation corresponded to enhanced antibody
responses to the influenza vaccine and markedly reduced the
duration of infection-related morbidity in elderly subjects.

B. lactis HN019 supplementation also enhanced cellular
immune function, leukocyte phagocytosis, and tumoricidal activ-
ity. However, it is not certain whether the increases in tumorici-
dal activity were solely or partly the result of increased relative
proportions of NK cells in the blood. Phagocytic and tumoricidal
responses are relevant to providing protection against microbial
infection and neoplasm development, respectively, and indicate a
potential benefit of B. lactis HN019, especially because these
diseases are of major importance in geriatric health. Previously,
it was found that adults who consumed defined probiotic strains
displayed enhanced natural (ie, non-lymphoid-mediated) cellular
immunity (30, 31). Furthermore, both L. rhamnosus GG and Lac-
tobacillus casei (Shirota strain) were shown to enhance protec-
tion against gastrointestinal infection and reduce tumor growth
in adults (32–34), although it is not clear whether these physio-
logic processes were a direct consequence of enhanced immu-
nity. It remains to be determined whether increases in innate cel-
lular immune responses, conferred by B. lactis HN019 consumption,
could promote enhanced disease resistance in the elderly.

The finding that the greatest relative increases in immune
function (which ranged from 9% to 82%) after B. lactis HN019
consumption occurred in those individuals who had poor prein-
tervention immune responses (Figure 2 and Table 2) implies that
consumption of B. lactis offers the greatest potential benefit to
individuals with poorly functioning immune systems. B. lactis
HN019 may therefore offer the most promise as a dietary

PROBIOTIC ENHANCEMENT OF IMMUNITY IN THE ELDERLY 837

FIGURE 2. In vitro phagocytic activity of polymorphonuclear and mononuclear cells and tumoricidal activity of natural killer cells in individual
elderly subjects in the low-dose (5 � 109 Bifidobacterium lactis organisms/d) and typical-dose (5 � 1010 B. lactis organisms/d) groups. These 2 dose
groups were subgrouped on the basis of poor (�) and adequate (�) preintervention immune responses (see Results). Mean changes in immune
responses after consumption of B. lactis HN019 were compared between the subgroups as described in Results and Table 2.
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supplement for optimizing or restoring effective immunity, a role
that was suggested previously for immune-enhancing dietary sup-
plements in the elderly (35, 36).

The present study also showed that B. lactis HN019 was
efficient at enhancing the immune response at a comparatively
low dose. Previous studies typically showed that daily doses of
1 � 1010 to 1 � 1011 organisms of probiotic lactic acid bacte-
ria conferred physiologic benefits (22, 23, 30–34), whereas
doses < 1 � 109 organisms did not (37). In the present study,
consumption of a relatively low dose of B. lactis HN019 (5 � 109

organisms/d) improved cellular immunity comparable with
that observed previously with a 10-fold higher dose (38).
There were no adverse reactions to continuous consumption of
B. lactis HN019 for 3 wk, confirming previous studies of the
biological safety of this strain (39, 40). B. lactis HN019 may
therefore be a safe dietary supplement for enhancing innate
cellular immune function and combating some of the deleteri-
ous effects of immunosenescence. Further clinical trials are
necessary to determine whether B. lactis–mediated immunoen-
hancement can promote increased resistance to infection and
disease in the elderly. 

We thank Sarah Blackburn, Anne Broomfield, Linley Fray, Daniel John-
son, and Yvonne Parkes of MHRC for their expert technical assistance.
Joanne Stewart and Pauline Giles of Medlab Palmerston North drew the blood
samples. Mark Morris of Massey University coordinated the collation of the
subjects’ medical files.

REFERENCES

1. Kalache A. Active ageing makes the difference. Bull World Health
Organ 1999;77:299.

2. Goodwin JS. Decreased immunity and increased morbidity in the
elderly. Nutr Rev 1995;53:S41–5.

3. Franceschi C, Monti D, Sansoni P, Cossarizza L. The immunology
of individuals: the lesson of centenarians. Immunol Today 1995;16:
12–6.

4. Roberts-Thomson IC, Whittingham S, Youngchaiyud U, Mackay IR.
Ageing, immune response, and mortality. Lancet 1974;2:368–70.

5. Wayne SJ, Rhyne RL, Garry PJ, Goodwin JS. Cell-mediated immu-
nity as a predictor of morbidity and mortality in the aged. J Geron-
tol A Biol Sci Med Sci 1990;45:M45–8.

6. Lesourd BM, Meaume S. Cell mediated immunity changes in age-
ing: relative importance of cell subpopulation switches and of nutri-
tional factors. Immunol Lett 1994;40:235–42.

7. Makinodan T. Patterns of age-related immunologic changes. Nutr
Rev 1995;53:S27–31.

8. Lesourd BM, Mazari L, Ferry M. The role of nutrition in immunity
in the aged. Nutr Rev 1998;56:S113–25.

9. Lesourd BM. Protein undernutrition as the major cause of decreased
immune function in the elderly: clinical and functional implications.
Nutr Rev 1995;53:S86–92.

10. Hodes RJ. Aging and the immune system. Immunol Rev 1997;160:
5–35.

11. Butcher S, Chahel H, Lord JM. Ageing and the neutrophil: no
appetite for killing? Immunology 2000;100:411–6.

12. Solana R, Mariani E. NK and NK/T cells in human senescence. Vac-
cine 2000;18:1613–20.

13. McLachlan JA, Serkin CD, Morrey-Clark KM, Bakouche O.
Immunological functions of aged human monocytes. Pathobiology
1995;63:148–59.

14. Wenisch C, Patruta S, Daxbock F, Krause R, Horl W. Effect of age
on human neutrophil function. J Leukoc Biol 2000;67:40–5.

15. Mysliwska J, Mysliwski A, Romanowski P, Bigda J, Sosnowska D,
Foerster J. Monocytes are responsible for depressed natural killer

(NK) activity in both young and elderly low NK responders. Geron-
tology 1992;38:41–9.

16. Ligthart GJ, Schuit HR, Hijmans W. Natural killer cell function is
not diminished in the healthy aged and is proportional to the number
of NK cells in the peripheral blood. Immunology 1989;68:396–402.

17. Roitt IM. Essential immunology. Oxford, United Kingdom: Black-
well Press, 1997.

18. Penn ND, Purkins L, Kelleher J, et al. The effect of dietary supple-
mentation with vitamins A, C and E on cell-mediated immune
function in elderly long-stay patients: a randomized controlled trial.
Age Ageing 1991;20:169–74.

19. Chandra RK. Effect of vitamin and trace-element supplementation
on immune responses and infection in elderly subjects. Lancet
1992;340:1124–7.

20. Santos MS, Meydani SN, Leka L, et al. Natural killer cell activity in
elderly men is enhanced by �-carotene supplementation. Am J Clin
Nutr 1996;64:772–7.

21. Isolauri E, Joensus J, Suomalainen H, Luomala M, Vesikari T.
Improved immunogenicity of oral D XRRV reabsorbant rotavirus
vaccine by Lactobacillus casei GG. Vaccine 1995;13:310–2.

22. Isolauri E, Juntunen J, Routanen T, Sillanaukee P, Koivula T. A human
Lactobacillus strain (Lactobacillus casei sp. strain GG) promotes
recovery from acute diarrhoea in children. Pediatrics 1991;88:90–7.

23. Kaila M, Isolauri E, Soppi E, Virtanen E, Laine S, Arvilommi H.
Enhancement of the circulating antibody secreting cell response in
human diarrhoea by a human Lactobacillus strain. Pediatr Res 1992;
32:141–4.

24. Arunachalam K, Gill HS, Chandra RK. Enhancement of natural
immune function by dietary consumption of Bifidobacterium lactis
(HN019). Eur J Clin Nutr 2000;54:1–5.

25. Gill HS, Rutherfurd KJ, Prasad J, Gopal PK. Enhancement of nat-
ural and acquired immunity by Lactobacillus rhamnosus (HN001),
Lactobacillus acidophilus (HN017) and Bifidobacterium lactis
(HN019). Br J Nutr 2000;83:167–76.

26. Lesourd BM. Nutrition and immunity in the elderly: modification of
immune responses with nutritional treatments. Am J Clin Nutr
1997; 66(suppl):478S–84S.

27. Gill HS, Darragh AJ, Cross ML. Optimizing immunity and gut func-
tion in the elderly. J Nutr Health Aging (in press).

28. Bogden JD, Oleske JM, Lavenhar MA, et al. Effects of one year
of supplementation with zinc and other micronutrients on cellular
immunity in the elderly. J Am Coll Nutr 1990;9:214–25.

29. Fortes C, Forastiere F, Agabiti N, et al. The effect of zinc and vita-
min A supplementation on immune response in an older population.
J Am Geriatr Soc 1998;46:19–26.

30. Schiffrin EJ, Rochar F, Link-Amster H, Aeschlimann JM,
Donnet-Hughes A. Immunomodulation of human blood cells fol-
lowing the ingestion of lactic acid bacteria. J Dairy Sci 1995;78:491–7.

31. Schiffrin EJ, Brassart D, Servin AL, Rochat F, Donnet-Hughes A.
Immune modulation of blood leukocytes in humans by lactic acid
bacteria: criteria for strain selection. Am J Clin Nutr 1997;66(suppl):
515S–20S.

32. Gorbach SL, Chang T, Goldin B. Successful treatment of relapsing
Clostridium difficile colitis with Lactobacillus GG. Lancet 1987;
2:1519.

33. Oksanen PJ, Salminen S, Saxelin M, et al. Prevention of travellers’
diarrhoea by Lactobacillus GG. Ann Med 1990;22:53–6.

34. Aso Y, Akazan H, Kotake T, Tsukamoto T, Imai K, Naito S. Preven-
tative effect of a Lactobacillus casei preparation on the recurrence
of superficial bladder cancer in a double-blind trial. Eur Urol 1995;
27:104–9.

35. Meydani SN, Wu D, Santos MS, Hayek MG. Antioxidants and
immune response in aged persons: overview of present evidence.
Am J Clin Nutr 1995;62(suppl):1462S–76S.

36. Hirokawa K. Reversing and restoring immune functions. Mech Age-
ing Dev 1997;93:119–24.

838 GILL ET AL

D
ow

nloaded from
 https://academ

ic.oup.com
/ajcn/article-abstract/74/6/833/4737513 by guest on 12 D

ecem
ber 2019



37. Donnet-Hughes A, Rochat F, Serrant P, Aeschlimann JM, Schiffrin EJ.
Modulation of nonspecific mechanisms of defense by lactic acid
bacteria: effective dose. J Dairy Sci 1999;82:863–9.

38. Chiang BL, Sheih YH, Wang LH, Gill HS. Enhancing immunity
by dietary consumption of a probiotic lactic acid bacterium
(Bifidobacterium lactis HN019): optimization and definition of
cellular responses. Eur J Clin Nutr 2000;54:849–55.

39. Zhou JS, Shu Q, Rutherfurd KJ, Birtles MJ, Gopal PK, Gill HS. Safety
assessment of potential probiotic lactic acid bacteria strains Lactobacil-
lus rhamnosus HN001, Lb. acidophilus HN017, and Bifidobacterium
lactis HN019 in BALB/c mice. Int J Food Microbiol 2000;56:87–96.

40. Zhou JS, Shu Q, Rutherfurd KJ, Prasad J, Gopal PK, Gill HS. Acute
oral toxicity and bacterial translocation studies on potentially probiotic
strains of lactic acid bacteria. Food Chem Toxicol 2000;38:153–61.

PROBIOTIC ENHANCEMENT OF IMMUNITY IN THE ELDERLY 839

D
ow

nloaded from
 https://academ

ic.oup.com
/ajcn/article-abstract/74/6/833/4737513 by guest on 12 D

ecem
ber 2019


