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Pedersen, K., G. W. Christensen, M. Steffensen, P. Schyum and A. K. Johansen:
Transfer of lactic acid bacteria strains from the feed to the sow, the environment and
the piglets. Acta vet. scand. 1992, 33, 297-303. — The spread of lactic acid bacterial
strains to the environment and to newborn piglets was investigated after feeding of
such strains to sows. Rifampicin resistant bacterial strains were fed to sows, 1010 c.f.u.
per day, during the period from 1 week before expected farrowing until 1 week after
farrowing. Fecal samples from the sows and samples of litter were collected for bacte-
riological examination together with swabs from the pens, the skin of the sows, and
from the rectum of the piglets. The test strains were only excreted in relatively low
amounts in the feces of the sows, approximately 103 - 106 c.f.u. per gram. They were
not able to displace the normal lactic acid bacterial flora in the sows nor were they
transmitted to the intestinal tract of the piglets to any significant extent. After the last
administration the test strains disappeared from both feces, skin, and environment,
indicating that no permanent colonization had taken place, although considerable dif-
ferences in duration of persistence were noticed between test strains.

lactobacilli; Enterococcus faecium; intestinal tract.

Introduction

Lactic acid bacteria begin to colonize the
gastrointestinal tract of piglets and a number
of other animal species shortly after birth
(Savage 1977), and during the following days
a succession of lactic acid bacterial strains
takes place (Tannock et al. 1990a). Experi-
ments based on plasmid profiling indicate
that the strains colonizing the intestine of
piglets mainly are intestinal strains excreted
by the sow (Tannock et al. 1990a). Even in
humans evidence for the transfer of Entero-
bacteriaceae and bifidobacteria from feces of
the mother to the infant has been obtained
(Tannock et al. 1990b). Lactic acid bacteria
are often claimed to play an important part
for the well-being of the host (Fuller 1989).
Experiments spreading some light on the

ecology of lactic acid bacteria with respect to
the transfer from mother animal to piglets
may be important for the understanding of
the acquisition of lactic acid bacteria by the
newborn. Furthermore, such experiments
may be useful in evaluating the possibilities
of administration of potentially beneficial
strains to piglets by feeding them to the
mother animal. This paper describes an
attempt to transfer lactic acid bacterial
strains from sows to their newborn piglets by
feeding strains to the sows. The excretion of
the test strains in the feces of the sows, their
contamination of the environment, the bed-
ding, and the skin of the sows, together with
the transmission to the digestive tract of the
piglets was followed.
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Materials and methods

Experimental animals

Four crossbred sows and their piglets were
used in the experiments, and housed under
standard Danish farming conditions. The
sows were kept in separate pens with straw
bedding. After farrowing they had access to
only approximately one half of their pen,
while the piglets had free access to the whole
area. The sows received a standard feed
mainly based on grained barley with a sup-
plement of protein while the piglets only
received maternal milk. Piglets were ear-
marked and had their tail, deciduous corner
incisors, and canine teeth trimmed shortly
after birth. Neither sows nor piglets received
any medication before or during the experi-
ments.

Bacterial cultures

One of the sows received a culture of Lac-
tobacillus acidophilus SS28, while a second
was given a culture of Enterococcus faecium
Cernelle 68 (SF68). The last 2 sows received
a mixture of 4 Lactobacillus strains: L. sali-
varius SS129 and SS258, L. gasseri SS131 and
L. crispatus SS151. The Lactobacillus strains
were all isolated from pigs and were all able
to adhere to porcine stratified squamous epi-
thelial cells in vitro as previously described
(Pedersen & Tannock 1989). E. faecium SF68
originated from the probiotic product Cerni-
vet (Bioferment, Lugano, Switzerland)
(Lewenstein et al. 1979, Carbone et al. 1980).
All strains were rifampicin resistant sponta-
neous mutants of the parent strains collected
on gradient platess of MRS agar
(Oxoid) or Mitis-Salivarius agar (Difco) con-
taining rifampicin with a maximum concen-
tration 100 pg/ml. The L. acidophilus SS28
strain was propagated in MRS broth (Oxoid)
while E. faecium SF68 was propagated in
brain-heart infusion broth (Difco) at 37°C.

Acta vet. scand. vol. 33 no. 4 - 1992

Overnight cultures were centrifuged for 20
min at 6000 rpm. Pellets were resuspended in
fresh broth, added 20% sterile glycerol and
kept at —80°C in ampoules containing 10
c.f.u., 1 ampoule for each day. The mixture of
the 4 Lactobacillus strains was freeze dried in
a carrier medium of glucose and electrolytes
and packed in air and light tight metal enve-
lopes each containing 1010 viable cells (Chr.
Hansen’s Bio Systems, Hgrsholm, Denmark).
The stability of the rifampicin resistance was
examined by repeated subculture in MRS
broth or brain-heart infusion broth without
rifampicin. After incubation at 37°C for 24 h
subcultures were made on MRS or Mitis-Sal-
ivarius agar plates with and without rifampi-
cin.

Administration of cultures and collection of
samples

From 1 week before expected farrowing until
1 week after farrowing the sows received a
daily dose of 100 c.f.u. of 1 of the test cul-
tures by adding cultures to the feed. Usually,
all feed was eaten within 30 min after feed-
ing. The administration periods ranged
between 15 and 18 days. Until farrowing
fecal samples and samples of the bedding
were collected every 2 or 3 days. Feces were
collected from rectum. Furthermore, swabs
were taken from the environment. With a
metal template a 10 cm? surface area was
swabbed with a sterile cotton swab at 5 dif-
ferent sites in the pens, from both floor and
equipment. Similarly, 10 cm? of skin were
swabbed at 5 different sites on the ventral
part of the sow, including the udder. After
farrowing the sampling also included rectal
swabs from 5 piglets from each litter, ran-
domly selected and marked with numbers
from 1 to 5. During the first 2 weeks samples
were collected every 2 or 3 days. Thereafter
the intervals were prolonged, but sampling



Transfer of lactic acid bacteria 299

continued until the test strains were no long-
er detectable. All swabs were immediately
transferred to tubes with Stuart Transport
Medium (Difco). All samples were kept at
0 -5°C until laboratory treatment (less than 2
h).

Culture from samples

Feces and litter samples were suspended in
sterile saline as 10-fold dilutions (wt/vol)
from which further 10-fold dilutions (vol/vol)
were made. The 5 swabs from the environ-
ment were pooled in saline and mixed on a
whirlmixer, and likewise the 5 swabs from
the skin. Ten-fold dilutions from saline
(vol/vol) were made. Rectal swabs from the
piglets were treated separately. In experi-
ments with Lactobacillus strains inoculation
from relevant dilutions took place on Rogosa
SL agar (Difco) and Rogosa SL agar added
rifampicin 50 pg/ml for the enumeration of
total lactobacilli and test strains, respectively.
Plates were incubated anaerobically in an

atmosfere of N,, H,, and CO, (GasPak jars,
BBL Microbiology Systems, Cockeysville,
Md.) for 2 days at 37°C. In the experiment
with E. faecium SF68 relevant dilutions were
plated on Mitis-Salivarius agar (Difco) with
and without rifampicin, 100 pg/ml, for the
enumeration of total streptococci/enterococ-
ci and E. faecium SF68, respectively. Mitis
Salivarius agar was supplied with nalidixic
acid, 15 pg/ml, instead of Chapman tellurite
(Barrow et al. 1977). Plates were incubated
aerobically for 2 days at 37°C. Results were
expressed as c.f.u. per gram (feces and litter),
per 5 swabs (50 cm? from skin and environ-
ment), or per rectal swab.

Results

In all experiments using Lactobacillus cul-
tures the total fecal excretion of lactobacilli
by the sows was very stable, approximately
108 - 10° viable counts per gram. Counts from
1 of the sows given the mixture of 4 Lactoba-
cillus strains are shown in Fig. 1. In the
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Figure 1. Fecal counts of total lactobacilli and Lactobacillus test strains in the sow and the piglets (average
of 5 piglets). Counts for the sow are expressed as viable counts per gram feces and for the pigs as viable
counts per rectal swab.Test strains were a mixture of 4 Lactobacillus strains. First and last day of administra-

tion of test strains to the sow is indicated with arrows.
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Figure 2. Fecal counts of total streptococci/enterococci and Enterococcus faecium SF68 in the sow and the
piglets (average of 5 piglets). Counts for the sow are expressed as viable counts per gram feces and for the
pigs as viable counts per rectal swab. First and last day of administration of SF68 to the sow is indicated with

arrows.

experiment with E. faecium SF68 the total
counts of streptococci/enterococci were more
fluctuating, but generally ranged in the inter-
val 107 - 10® c.f.u. per gram (Fig. 2). The
counts of the test strains in fecal samples
increased during the first few days and
reached a maximum 5 - 8 days after the first
administration. Thereafter the counts drop-
ped significantly.

None of the Lactobacillus test strains
reached a higher proportion than about 2.5%
of the total Lactobacillus counts in feces of
the sows (data not shown). In contrast the E.
faecium SF68 strain was able to reach a much
higher proportion of the total Streptococ-
cus/Enterococcus flora, up to 50%. Already 3
days after the final administration, however,
the fraction had fallen below 1%. In litter
samples and swabs from the environment the
total counts of Lactobacilli and Streptococ-
ci/Enterococci fluctuated more than in fecal
samples but ranged around 107 viable cells
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per gram and per 50 cm?, respectively (data
not shown). Counts in swabs from the skin
fluctuated considerably.

After the last administration, the Lactobacil-
lus strains maintained populations about 10*
- 10° c.f.u. per gram of feces for a short peri-
od. The Lactobacillus mixture strains main-
tained these counts for 5 - 7 days (Fig. 1) but
the SS28 strain only for 3 days (data not
shown). Thereafter the excretion of these
strains abruptly dropped. This drop was
reflected in the counts from skin and in litter
and environment. Four days after the last
administration the SS28 strain could no long-
er be detected. The E. faecium strain disap-
peared more gradually (Fig. 2) and could be
detected longer than any of the lactobacilli.
Twentytwo days after the last administration
it could still be detected in both feces, litter,
skin, and environment but at 39 days it had
disappeared.

Counts of test strains and total Lactobacillus
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in piglets from one litter receiving the four
Lactobacillus strains are shown in Fig. 1,
while counts of E. faecium SF68 and total
Enterococcus/Streptococcus are shown in
Fig. 2. The excretion of the test strains by the
piglets reached a maximum within a few days
and thereafter dropped, although the strains
were still fed to the sows. The highest counts
of the test strains were observed for almost
all piglets at day 1 - 3, but even then they
only constituted a very small fraction of the
total counts of lactobacilli and streptococci/-
enterococci, respectively, usually below 1%.
However, there was a considerable variation
between the piglets in each litter. In 1 of the
2 litters from sows receiving the mixture of
the 4 Lactobacillus strains the test strains
constituted 22.5 % of the lactobacilli in 1 pig-
let 6 days after birth - a sudden and remark-
able rise from 0.08 % at day 4 (Table 1).

Discussion

None of the test cultures were transmitted to
the piglets to any significant extent, and none
of them were able to colonize permanently
inside or outside the animals, although con-
siderable differences in persistence were
noticed between strains. They disappeared

Table 1. Counts of test strains in rectal swabs of
piglets from 1 sow receiving a mixture of 4 Lactoba-
cillus strains expressed as % of the total Lactobacil-
lus counts.

Days after Piglet1 Piglet2 Piglet3  Piglet4  Piglet5
birth
2 1,78 0,34 0,01 0,02 0,08
4 0,08 0,43 0 23 0,001
6 22,5 0,003 0,004 31 0,02
8 34 0,001 O 0,06 0
10 049 O 0 0,004 0
12 021 0,006 0 0,005 0
14 0,013 0,006 0 0 0
17 0 0 0 0 0

from both animals and environment within 4
- 39 days after the last administration. These
results are in accordance with those from
other experiments (Jonsson 1985, Jonsson et
al. 1985, Pedersen & Tannock 1987, Pedersen
& Tannock 1989). Jonsson (1985) showed
that lactic acid bacterial strains fed to new-
born piglets could be detected in the feces
after 7 days, but had disappeared at 19 days.
No effect on performance was observed in
her study. Results presented in the literature
suggest that a succession of lactic acid bacte-
rial strains takes place in neonatal piglets
(Tannock et al. 1990a). This may indicate that
strains are usually only able to colonize for a
certain period of time and thereafter will be
supplanted by other strains. However, the
capacity of 1 particular strain to colonize
more permanently in humans has been sug-
gested (Goldin & Gorbach 1987). The mech-
anisms behind the succession of lactic acid
bacteria are poorly understood. The Lacto-
bacillus strains in the present study all origi-
nated from the digestive tract of piglets and
were able to adhere to porcine squamous
epithelial cells in vitro. The strains are there-
fore considered indigenous porcine Lactoba-
cillus strains, although they have been shown
to be unable to colonize permanently in a
previous inoculation study in piglets where
they only persisted for a certain period and
with considerable differences between strains
(Pedersen & Tannock 1989). The E. faecium
SF68 strain was tested because it is probably
the most popular probiotic strain in the
world, both for animals and humans.

In most samples collected from the piglets
the test strains constituted less than 1% of
the total Lactobacillus or Streptococcus/-
Enterococcus flora. In 1 piglet, however,
from 1 of the litters receiving the Lactobacil-
lus mixture, the figure suddenly rose from
0.08% at day 4 to 22.5% at day 6 followed by
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a decline to 3.4% and 0.49% at day 8 and 10,
respectively. In this piglet the test strains
appeared to establish and multiply for a few
days.

The lack of ability to survive in the environ-
ment for all test strains, together with the
close parallellity between the excretion of
the strains in the feces and the counts
retrieved in the environment, indicates that
the main source of these strains was the
mother animal and that essentially no multi-
plication took place outside the digestive
tract. The results therefore suggest that the
mother animal was the primary source of the
piglets’ flora of lactic acid bacteria. This is in
accordance with recently published results
(Tannock et al. 1990a).

The maximum fecal excretion of the test
strains from the sows occurred after 5 - 8
days, i.e. more than 1 week before the last
administration. The reason for this is un-
known. It was observed in all 4 sows and also
in the piglets from which the maximal excre-
tion was reached 1 - 3 days after birth.

For a period E. faecium SF68 constituted
more than half the total Enterococcus/Strep-
tococcus flora in feces from the sow and it
disappeared more slowly than did the Lac-
tobacillus test strains. This may be explained
by a better ability to survive in the environ-
ment or capacity to persist in the intestine.
The highly fluctuating counts for all test cul-
tures obtained in swabs from the skin may be
considered to merely reflect the degree of
fecal contamination rather than any coloni-
zation of the skin by these microorganisms.

It was not possible from the present data to
detect any differences in colonization pat-
terns between freeze dried cultures and fro-
zen broth cultures. Further experiments
should be carried out to examine this ques-
tion.

The rifampicin resistance was found to be a
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stable trait as was described by other authors
(Compeau et al. 1988). Naturally occurring
resistance to rifampicin among Danish por-
cine lactobacilli and enterococci is negligible
(Pedersen unpublished observation).

It was concluded that the intestinal Lactoba-
cillus flora of the sows was too stable to be
affected to any significant degree by the cho-
sen doses of any of the test cultures, whereas
the Streptococcus/Enterococcus flora was
markedly influenced by the E. faecium strain.
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Sammendrag
Spredning af melkesyrebakterier fra foderet til soen,
miljget og grisene.

Spredningen af stammer af malkesyrebakterier til
miljget og pattegrisene blev undersggt efter tilde-
ling af stammerne til sgerne via foderet. Rifampi-
cinresistente teststammer blev i mangder af 1010
cfu. pr. dag tildelt sgerne fra en uge fgr forventet
faring til en uge efter faring. Facesprgver fra
sgerne og prgver af strgelsen blev udtaget til bakte-
riologisk undersggelse sammen med svaberprgver
fra stierne, fra sgernes hud og fra rectum af grisene.
Teststammerne blev kun udskilt i feeces fra sgerne i
relativt lave antal, omkring 10% — 10° c.f.u. pr. g. De
var séledes ikke i stand til at fortrenge den naturli-
ge flora af malkesyrebakterier i tarmen, ligesom de
heller ikke i n®vnevardig grad blev overfgrt til gri-
senes tarmkanal. Efter sidste tildeling af teststam-
merne forsvandt disse fra sdvel faces som fra huden
og miljget. Der forekom sdledes ingen permanent
kolonisering, men der var dog betydelige forskelle i
persistens mellem de enkelte testkulturer.
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