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ABssRAcT
The antibacterial sensitivity patterns of gram-positive, nonsporeforming, anaero-

bic bacilli variously classed as Lactobacillus bifidus, Actinomyces bifidus, or
Bifidobacterium were studied by the plate dilution method. Atotalof 34 strains, mostly
from human feces, was studied. Three species, B. longum, B. adolescentis, and B.
bifidum, were represented with 11, 11, and 6 strains, respectively. The other six
strains fell into four other species. Most strains of all types resisted 100 ,Ag/ml or
more of neomycin, polymyxin B, and nalidixic acid. They were somewhat less
resistant to kanamycin and still less so to streptomycin. All strains were inhibited
by less than 1 ug/ml of penicillin G and erythromycin, by 3.1 units or less per ml
of bacitracin, by 3.1 ,ug/ml or less of chloramphenicol, and by 6.2 ,ug/ml or less of
tetracycline and lincomycin. Most strains were inhibited by 3.1 ,ug/ml of vanco-
mycin. Results were very variable with cephalothin and nitrofurantoin, with some
strains quite resistant. With half of the drugs tested, there were moderate differ-
ences in sensitivity between different species. These data are discussed in relation
to the effect of antimicrobial agents on bifid bacilli in the normal human fecal
flora, in relation to the implications thereof, and in relation to the usefulness of
several agents (particularly neomycin, nalidixic acid, and polymyxin B) in selective
media for Bifidobacterium.

The "bifid bacteria" are anaerobic, gram-posi-
tive, nonsporeforming bacilli. These organisms
are variously classified as Bacillus bifidus, Bacillus
bifidus communis, Bacteroides bifidus, Lactobacil-
lus bifidus, Actinomyces bifidus (15), Bifidibacter-
ium bifidum (19), and Bifidobacterium bifidum (3).
The American Society for Microbiology's sub-
committee on Lactobacilleae has tentatively
recommended removing L. bifidus from the genus
Lactobacillus and placing it in a separate genus,
Bifidobacterium Orla-Jensen 1924 (see ASM
News, Aug. 1966, p. 29). They usually exhibit a
bifurcated appearance during cultivation. Bifido-
bacterium strains may be isolated in large num-
bers from the feces of adults and children. They
may occasionally be isolated from the vagina
(19), the genitourinary tract (19), and the mouth
(1) in small numbers. They have also been found
on the skin and in human and cow's milk (3).
Solid evidence that they are pathogenic in man or
animal is lacking.
Many European authors have done morpho-

logical, serological, and biochemical studies on
these organisms. Reuter (14) has suggested the
recognition of eight species under the genus

Bifidobacterium, on the basis of carbohydrate
fermentation and cross-precipitin tests. A review
of the current status of these organisms appeared
in 1964 (3).
The antibacterial sensitivity of Bifidobacterium

has been studied very little. Lavergne (12) tested
20 strains designated as Bifidobacterium bifidum
against 11 antibacterial agents by the disc tech-
nique. A single strain of B. bifidum was reported
sensitive to 3.1 ,ug/ml of colistin sulfate by Cour-
tieu et al. (4). The sensitivity of 19 undifferenti-
ated strains of Bifidobacterium to neomycin,
kanamycin, paromomycin, and vancomycin was
reported by Finegold, Miller, and Posnick (6).

Since these organisms constitute a major com-
ponent of the normal bowel flora in humans, they
may play an important role in certain physiolog-
ical and pathophysiological processes and may
help prevent colonization by pathogens such as
Staphylococcus aureus, Shigella, Salmonella, and
enteropathogenic Escherichia coli. It was thus
deemed desirable to study in detail the antibac-
terial sensitivity patterns of a number of species
of Bifidobacterium isolated from humans.
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MATERIALS AND METHODS
Thirty-four strains of Bifidobacterium were studied.

The source and species designation, as determined by
Reuter (14), of these organisms is listed in Table 1.
Of the strains used in this study, 21 were isolated in
our laboratory. The two strains isolated from ab-
scesses were part of a mixed flora; neither strain is
considered to have contributed to the pathological
process. The remaining 13 organisms were kindly sent
to us by G. Reuter.

All of the organsisms were gram-positive, nonspore-
forming, anaerobic bacilli. They fermented glucose
without producing gas and yielded acetic, lactic, and
formic acids. They were all catalase-negative; they did
not produce indole or hydrogen sulfide, nor did they
reduce nitrate. Gelatin was not liquefied. Milk was
coagulated in 24 to 48 hr, and the final pH was 4.0
to 4.8. They were nonmotile. Under some conditions,
they exhibited true branching and a degree of pleo-
morphism.

All of the media used were supplemented with
0.2% yeast extract and 5 jig/ml of hemin. The fluid
medium used was Trypticase Soy Broth (BBL) with
0.7 Ag/ml of L-cystine added. The solid medium used
was Eugonagar (BBL).

Sensitivity testing was done by plate dilution tech-
nique with a Steers replica inoculating apparatus (18).
The organisms were grown for 48 hr in supplemented
Trypticase Soy Broth. The growth was diluted so as to
obtain 105 to 106 organisms per milliliter for use as
inoculum.

Laboratory standards of 14 antibacterial agents
were weighed, dissolved, and diluted in appropriate
diluents prior to addition to the base medium, Eu-
gonager. The antibacterial agents tested and the con-
centrations used are listed in the remaining tables.
Appropriate control plates were set up. After inocu-
lation, the plates were incubated at 37 C in a National

TABLE 1. Source and species differentiation of
bifidobacterium strains

Source of Strain
Species 6f ATCC no.Bifidobacterium Author's Reuter's

isolatesa strainsb

B. adolescentis. 8 3 15703, 15705,
15706

B. bifidum......... 4 2 15696
B. breve........... 2 15700, 15701
B. iifantis. 1 15697
B. liberorum....... 1 15702
B. longum ......... 9 2 15707, 15708
B. parvulorum.. 2 15698

a All of these strains were isolated from feces,
except for two strains of B. adolescentis which
were isolated from abscesses.

6 Eleven of these strains have been deposited in
the American Type Culture Collection under the
numbers noted (2nd Supplement to Seventh Edi-
tion, ATCC Catalogue). All 11 strains were iso-
lated from the intestine ofhuman adults or infants.

Anaerobic Incubator containing an atmosphere of
90% nitrogen and 10% carbon dioxide obtained after
six flushings with nitrogen. The tests were read after
5 days.

REsuLrs
The results of sensitivity of Bifidobacterium to

two penicillin-like antibiotics (penicillin G and
cephalothin) are shown in Table 2. Over one-half
of the strains were sensitive to less than 0.2,ug/ml
of penicillin G. Bifidobacterium strains were dis-
tinctly more resistant to cephalothin; this was
especially true of B. longum.
The strains studied were quite resistant to the

streptomycin-like antibiotics (Table 3). Most of
the strains were resistant to 100 ,ug/ml of neo-
mycin. They were less resistant to kanamycin and
even less so to streptomycin. Kanamycin appears
to be somewhat less active against B. adolescentis
than neomycin is.
Table 4 shows the sensitivity of the strains to

antibiotics with a primarily gram-positive spec-
trum, bacitracin, erythromycin, lincomycin, and
vancomycin. The strains studied were most sensi-
tive to erythromycin and were quite sensitive to the
other three agents as well.
The broad-spectrum antibacterial agents,

chloramphenicol, tetracycline, and nitrofurantoin,
were all effective against bifid bacilli, with chlor-
amphenicol the most effective (Table 5). Five
strains of B. adolescentis showed resistance to
25 ,ug/ml of nitrofurantoin.

Bifidobacterium strains were very resistant to
agents with a gram-negative spectrum (Table 6).
All of the strains were resistant to at least 100
,ug/ml of nalidixic acid, and all but five were re-
sistant to 100 ,g/ml or more of polymyxin B.
Table 7 lists the results of the sensitivity tests

(with all agents) on the species represented by
fewer than three strains.
On the whole, there were very few differences

among species with regard to sensitivity to anti-
bacterial agents. However, B. adokescentis was
more sensitive to neomycin and polymyxin B and
more resistant to nitrofurantoin than the other
two groups studied. B. bifidum was relatively
resistant to bacitracin, vancomycin, and poly-
myxin B; B. longum was relatively resistant to
penicillin G, cephalothin, erythromycin, and
.incomycin.

DISCusSION
The majority of strains used in this study are the

strains which are most commonly isolated from
feces in adults; B. adolescentis, B. longum, and B.
bifidwn (15).
Lavergne et al. (12), in studying the effect of

11 antibiotics on 20 strains of B. bifidum isolated
from infants' stools, utilized the disc technique.
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TABLE 2. Sensitivity of Bifidobacterium to penicillin-like antibiotics

Minimal inhibitory concn (ug/ml)
Antibiotic Species of strains .-

<0.2 0.2 0.39 0.78 1.56 3.12 6.2 12.5 25.0 50.0

Penicillin G B. adolescentis 11 9a 1 1
B. bifidum 6 5 1
B. longum 11 2 5 4
Other species 6 2 4

Cephalothin B. adolescentis 11 2 3 2 1 2 1
B. bifidum 5 1 3 1
B. longum 11 1 1 8 1
Other species 5 2 3

a Number of strains sensitive to the various minimal inhibitory concentrations.

TABLE 3. Sensitivity of Bifidobacterium to streptomycin-type antibiotics

Minimal inhibitory concn (ug/ml)
Antibiotic Species Total no.s

< 12,5 12.5 25 50 100 200 400 >400 800 1,600

Kanamycin B. adolescentis 11 6a 2 3
B. bifidum 5 4 1
B. longum 11 3 1 4 2 1
Other species 5 1 3 1

Neomycin B. adolescentis 11 1 2 1 4 3
B. bifidum 5 3
B. longum 11 3 5 2 1
Other species 6 4 1 1

Streptomycin B. adolescentis 11 1 1 1 6 1 1
B. bifidum 6 3 2 1
B. longum 11 2 3 2 2 1 1
Other species 6 1 1 1 3

a Number of strains sensitive to the various minimal inhibitory concentrations.

TABLE 4. Sensitivity of Bifidobacterium to antibiotics with gram-positive spectrum

Minimal inhibitory concn (units/ml for bacitracin; jg/ml for others)
Antibiotic Species otalno

ofstrains- _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ -_ _ _ _

<0.2 0.2 0.39 0.78 1.56 3.1 6.2 25

Bacitracin B. adolescentis 11 3a 1 5 1 1
B. bifidum 5 4 1
B. longum 11 2 3 5 1
Other species 6 3 2 1

Erythromycin B. adolescentis 11 10 1
B. bifidum 6 5 1
B. longum 11 2 3 5 1
Other species 6 3 3

Lincomycin B. adolescentis 11 4 2 3 1 1
B. bifidum 6 1 2 2 1
B. longum 11 2 7 2
Other species 5 1 2 2

Vancomycin B. adolescentis 11 1 4 5 1
B. bifidum 6 6
B. longum 11 4 7
Other species 5 1 3 1

a Number of strains sensitive to the various minimal inhibitory concentrations,
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TABLE 5. Sensitivity of Bifidobacterium to broad-spectrum antibacterial agents

Antibiotic

Chloramphenicol

Nitrofurantoin

Tetracycline

Species

B. adolescentis
B. bifidum
B. longum

Other species

B. adolescentis
B. bifidum
B. longum
Other species

B. adolescentis
B. bifidum
B. longum

Other species

Total no.

of strains

11
6

11
6

11
6

11
6

11
5

11
5

Minimal inhibitory concn (,ug/ml)

0.78

1

1

5

5

3

1

4

1

3

2

2

3.1

5

1

6
2

3

2
4
1

4
6
3

6.2 12.5 25 50 100

3
1

2

3

2
2 2

4

a Number of strains sensitive to the various minimal inhibitory concentrations.

TABLE 6. Sensitivity of Bifidobacterium to antibacterial agents wit/h gram-negative spectrum

Minimal inhibitory concn (jug/ml)
Antibiotic Species Total no.

<25 25 50 100 200 400 800 1,600 > 1,600

Nalidixic acid B. adolescentis 11 la 8 2
B. bifidum 6 2 4
B. longum 11 5 5 1
Other species 6 1 3 2

Polymyxin B sulfate B. adolescentis 11 1 1 2 6 1
B. bifidum 6 4 1 1
B. longum 11 1 2 4 3 1
Other species 6 4 2

a Number of strains sensitive to the various minimal inhibitory concentrations.

TABLE 7. Sensitivitya of other species' to antibacterial agentts

(b)C ~~~~~~~B.parvulorum B. parvulorumAntibiotic B. breve (a)C B. breve (b)c B. infantis B. liberorumt B (a)c (b)C

Bacitracin .............. 0.39 0.78 0.78 1.56 0.39 0.39
Cephalothin............ 12.5 12.5 12.5 6.2 6.2
Chloramphenicol . ....1.56 3.1 3.1 1.56 0.78 1.56
Erythromycin ........... 0.2 0.2 0.2 <0.1 <0. 1 0.2
Kanamycin ............. 50 100 400 100 100
Lincomycin............. 0.39 1.56 1.56 0.39 0.2
Nalidixic acid.......... 800 400 800 400 400 200
Nitrofurantoin.......... 1.56 12.5 12.5 25 3.1 25
Neomycin .............. 200 1,600 800 200 200 200
PenicillinG............ <0. 1 0.39 0.39 0.39 0.39 <0.1
Polymyxin B ............ 400 1,600 1,600 400 400 400
Streptomycin........... 12.5 50 >400 >400 25 >400
Tetracycline............ 1.56 3.1 3.1 1.56 3.1
Vancomycin ............ 0.78 0.78 0.78 1.56 0.39

a Minimal inhibitory concentration is measured in units per ml for bacitracin, ,ug/ml for other agents.
One strain of each species or variant was studied.
Variant according to Reuter.
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ANTIBACTERIAL SENSITIVITY OF BIFIDOBACTERIUM

They did not biochemically characterize their
strains, and it is not certain whether they consider
B. bifidum a specific species, or whether they used
this as a general term for Bifidobacterium (there
are seven different species found normally in
infants' stools). Our results generally agree with
their results for those antibiotics studied in com-
mon (penicillin G, chloramphenicol, erythro-
mycin, streptomycin, and neomycin). However,
their strains were relatively resistant to chlor- and
oxytetracycline, whereas our strains were sensitive
to tetracycline. These authors also found their
strains to be generally sensitive to spiramycin and
oleandomycin, drugs closely related to erythro-
mycin. Framycetin, related to neomycin and
streptomycin, was relatively inactive against their
bifids. Finally, they found their strains to be sensi-
tive to novobiocin.

Earlier limited studies on unspeciated Bifido-
bacterium strains with kanamycin, paromomycin,
neomycin, and vancomycin (6), and lincomycin
(5) gave results similar to those obtained in the
present study for the four antibacterial agents
used in common (paromomycin was not used in
the present study).

Information on the effect of antibacterial agents
on Bfildobacterium in vivo has been collected dur-
ing studies of the effect of such agents on the
normal fecal flora of humans (5, 7-11, 16, 17).
Parenteral streptomycin effected a distinct re-
duction in bifid counts in a limited study (16).
Seeliger (17) noted little effect of erythromycin
on the bifid flora. Ampicillin when given orally in
doses of 1 to 3 g per day reduced the bifidus counts
(11). One patient given 2 g per day of ampicillin
showed only a slight decrease in bifids (7). Oral
paromomycin, when used in doses of 40 mg/kg of
body weight, reduced bifids to a level at which
they were no longer detectable in six of eight
patients (10). Tetracycline and oxytetracycline
effected elimination or a profound reduction of
bifids in 14 patients studied by Haenel (9). Simi-
lar results were obtained by Gross (8). Another
study, with four patients (7), showed a lesser but
definite reduction in bifids. Other studies by our
group (5, 7) evaluated the effect of several other
agents on the bifid population. In these studies,
we found that oral neomycin eliminated or re-
duced Bifidobacterium counts in five of six cases;
oral kanamycin effected elimination or reduction
in four of eight cases; novobiocin markedly re-
duced bifids in two patients; sulfadimethoxine
produced no change in bifid flora in two patients;
oral lincomycin eliminated them in five patients;
intramuscular lincomycin eliminated bifids in two
patients; and oral colistin sulfate effected no
change in three patients. The lack of effect of oral
colistin on bifids in the fecal flora was unexpected

in terms of the sensitivity reported by Courtieu
et al. (4) on a single strain, but was consistent
with the resistance of bifids to polymyxin B (a
closely related drug) shown in our study. Nali-
dixic acid had little effect on Bifidobacterium
counts in two patients (Finegold et al., unpublished
data).

Clearly, then, many antibacterial agents in com-
mon use change significantly the bifid content of
the gut. Changes of this type may be of the great-
est importance, since Bifidobacterium is among
the most prevalent of the normal flora, typically
being present in counts of 109 to 1010 per gram of
feces and outnumbering E. coli and other aerobes
100 to 1 (7, 10, 13). The significance of the effect
of antibiotics on fecal bifids is uncertain, but
elimination of one of the major components of
the normal flora would theoretically offer an op-
portunity for pathogens such as S. aureus, Sal-
monella, Shigella, and enteropathogenic E. coli
to implant themselves in the intestinal tract much
more readily than would be true normally. In
this connection, it has been shown that Salmonella
causes disease in mice much more readily when
these mice have been pretreated with oral strepto-
mycin, and that this effect is related to elimination
of Bacteroides from the normal flora by the drug
(2). We are unaware of any studies quantitating
various components of the normal flora in pa-
tients with active enteritis due to enteric patho-
gens. This type of study is crucial to a better
understanding of the potential protective role of
bifids or other elements of the normal flora.
The role of bifid bacilli in the intestine in var-

ious physiological and pathophysiological proc-
esses affecting the host is unknown, but any
such role might be modified during administration
of certain antimicrobial agents.

Finally, our data suggest that several anti-
bacterial agents might be useful in selective media
for bifid bacilli. Since bifid bacilli are typically
found in mixtures with many other anaerobes and
aerobes, selective media should greatly facilitate
their recovery. This would be particularly true
where other organisms were much more prevalent
(stools of patients receiving certain antibiotics).
Mitsuoka et al. (13) have already utilized neo-
mycin (200 Ag/ml) plus paromomycin (20 and
50 Ag/ml) in selective media; however, these
authors noted that the media were not fully se-
lective and in some cases failed to promote growth
of Bifidobacterium. In addition, our currently re-
ported studies indicate that the use of 200 A.g/ml
of neomycin would prevent growth of almost half
of the bifid strains. The present study also indi-
cates that nalidixic acid and polymyxin B might
prove useful in selective media for bifid bacilli.
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