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The minimal inhibitory concentrations of nine growth-promoting agents were
determined by an agar-dilution method against 66 bile-tolerant streptococcal (8
Streptococcus faecalis, 23 Streptococcus faecalis subsp. liquefaciens, 15 Strepto-
coccus faecium, and 20 carboxyphilic streptococci) strains isolated from the ceca
of 52 chickens on 19 farms. Avoparcin was equally active on all groups. The
natural susceptibilities against the other substances differed among the groups
studied. Bacitracin and virginiamycin were more active on S. faecium and S.
faecalis than on S. faecalis subsp. liquefaciens; lincomycin and the macrolide
antibiotics were more active on S. faecium than on the other groups; and
flavomycin was active on all groups except S. faecium. High percentages of
acquired resistance were noted in all groups against bacitracin, lincomycin, and
the macrolide antibiotics, oleandomycin, spiramycin, and tylosin. Resistance to
nitrovin was found only among the S. faecalis and S. faecium groups.

Bacterial colonization of the intestinal tracts
of chicks takes place soon after hatching, when
the young chicks ingest food (18, 21). During the
first 2 to 4 days, streptococci and enterobacteria
colonize the small intestine and cecum and re-
main throughout the life of the bird. Streptococ-
cus faecalis (15), S. faecalis and a filterable
agent (9), Streptococcus faecium (12, 14), and a
fecal filtrate in combination with Streptococcus
faecalis subsp. liquefaciens and S. faecium (12)
have been incriminated as agents in avian
growth depression. However, the evidence pre-
sented so far is conflicting; different workers
have failed to confirm each others' findings.
The development of intensive methods for

rearing poultry has been accompanied by the use
of numerous growth-promoting agents in the diet
(3), most of which have antibacterial activity.
Apart from the activity of dietary bacitracin on
S. faecalis subsp. liquefaciens and related strep-
tococci (2), virtually nothing is known about the
activity of the growth-promoting antibacterial
agents on the fecal streptococci, which are im-
portant constituents of the bacterial flora of the
intestinal tract and which also appear to be
important agents in avian growth depression.
Knowledge about the activity of the growth-
promoting agents on the various intestinal bacte-
rial species might lead to the understanding of
the mechanism by which antimicrobial agents
improve growth and the efficiency offood conver-
sion. The present investigation was undertaken
to study the activity of the most commonly used

growth-promoting agents on streptococci isolat-
ed from the ceca of poultry.

MATERIALS AND METHODS
Bacterial strains. Sixty-six strains of streptococci,

isolated from the ceca of 52 chickens brought for
autopsy from 19 farms to the Veterinary Faculty, State
University of Ghent, in 1980 were used in this study.
Cecal swabs were collected and inoculated onto Islam
medium (16) supplemented with 30 ,ug of neomycin, 15
,ug of nalidixic acid, and 50 ,ug of metronidazole per ml
of the medium (23). Primary incubation was made in
an incubator containing a continuous supply of 5%
CO2 at 37°C. The plates were incubated for 48 h, and
colonies were picked up in duplicate Blood Agar Base
(Oxoid, Basingstoke, England) plates for purification.
One set was incubated aerobically at 37°C, and the
other set was incubated in the CO2 incubator. Pas-
sages were repeated on the same medium under the
same incubation conditions until the cultures were
considered pure. If the same culture was able to grow
under both incubation conditions, then only the aero-
bic culture was saved for further studies. When a
culture failed to grow optimally aerobically but grew
optimally in the CO2 incubator, the culture was
marked separately, and all further tests were carried
out in the presence of 5% CO2 or anaerobically in a
GasPak system (BBL Microbiology Systems, Cock-
eysville, Md.).
The following strains were included in the study.
S. faecalis CCM 2541, S. faecalis subsp. liquefa-

ciens CCM 5613, and S. faecium CCM 2308 were
obtained from the Czechoslovak Collection of Micro-
organisms (CCM), Brno, Czechoslovakia.

S. faecalis EBF 30/82, S. faecalis subsp. liquefa-
ciens EBF 87/210, and S. faecium EBF 87/152 were
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TABLE 1. Results of the physiological tests for identification of Streptococcus strains isolated from ceca of
poultry

No. of strains showing positive reaction

Physiological test S. faecalis s. S. faecium Carboxyphilic
(8 strains) liquefaciens (15 strains) streptococci

(23 strains) (20 strains)

Growth at pH 9.6 8 23 15 17
Growth in 6.5% NaCl 8 23 15 16
Survive 60°C for 30 min 6 23 13 19
Growth at 45°C 8 23 15 20
0.1% methylene blue 8 23 10 14
Ammonia from arginine 8 23 15 4
Esculin hydrolysis 8 23 15 20
Growth on 40%o bile 8 23 15 20
Reduction of tetrazolium 8 23 0 15
Resistance to K-tellurite 8 23 0 NTa
Hydrolysis of gelatine 0 23 0 3
Hydrolysis of starch 0 0 0 8
Fermentation of:
Lactose 8 23 15 20
Mannitol 8 22 12 18
Melezitose 8 23 2 20
Melibiose 6 10 13 20
Raffinose 5 3 3 19
Glycerol 8 23 15 3
a NT, Not tested.

obtained from C. S. Impey, Food Research Institute,
Colney Lane, Norwich, England.

S. faecalis subsp. liquefaciens 2SY4 and 2STI and
S. faecium SY1 and 2CTI were obtained from R.
Fuller, National Institute for Research in Dairying,
Shinfield, Reading, England.

Physiological tests for identification. Only catalase-
negative, gram-positive coccobacilli capable of grow-
ing in the Bile-Esculin Agar (Difco Laboratories, De-
troit, Mich.) were considered for further identification
(11). Catalase production was tested by pouring one
drop of 3% H202 in a heavily grown area of a purified
culture.

Tests for growth at pH 9.6, growth in medium
containing 6.5% NaCl, survival at 60°C for 30 min,
growth at 45°C, reduction of 0.1% methylene blue,
production of ammonia from arginine, hydrolysis of
esculin, growth in the presence of 40% bile, liquefac-
tion of gelatin, and fermentation of the carbohydrates
were done according to Barnes and co-workers (2).

Tests for hydrolysis of starch and reduction of
tetrazolium were carried out as previously described
(10). Resistance of the strains to potassium teliurite
was tested by using the Tellur diagnostic tablets per
the instructions of the manufacturer (A/S Rosco, Taas-
trup, Denmark).
Growth-promoting antibacterial agents. The growth-

promoting agents, as laboratory standard powder,
were obtained as follows.
Avoparcin sulfate and nitrovin (Payzone) were from

Cyanamid of Great Britain Ltd., Gasport, England;
bacitracin was from A. S. Apothekernes Laboratories,
Oslo, Norway; oleandomycin phosphate was from
Pfizer Co., Brussels, Belgium; flavomycin was from
Hoechst Pharmaceuticals, Frankfurt, W. Germany;
lincomycin hydrochloride was from The Upjohn Co.,

Kalamazoo, Mich.; spiramycin adipate was from Spe-
cia, Paris, France; tylosin base was from Eli Lilly &
Co., Indianapolis, Ind.; and virginiamycin was from
Smith, Kline & French Laboratories, Genval, Bel-
gium.
The agents were dissolved and diluted in distilled

water, ethanol, 0.1 N NaOH solution, or dimethyl
formamide according to their solubility. Concentration
of dimethyl formamide in media was kept lower than
1.6% (vol/vol) because higher concentrations are bac-
teriostatic. Antibiotic solutions were incorporated into
agar as suggested by Ericsson and Sherris (8).
Media for susceptibility tests. Minimal inhibitory

concentration (MIC) tests were carried out in Mueller-
Hinton agar (Difco). The antibiotic-containing plates,
except those containing nitrovin and virginiamycin,
were prepared in one lot and stored in a refrigerator for
1 to 7 days. The plates were dried for 25 to 30 min in a
laminar air flow after pouring. Because the activity of
nitrovin and virginiamycin deteriorated rapidly in
preservation, plates containing these two agents were
prepared on the same day the tests were performed.

Susceptibility tests. The strains, which were able to
grow optimally in the presence of 5% CO2, were tested
anaerobically in a GasPak system. The remaining
strains were tested aerobically. The turbidity of the
inocula was adjusted by adding the required drops
from an overnight Mueller-Hinton broth (Difco) cul-
ture in 1 ml of sterile phosphate-buffered saline to
match the turbidity of no. 1 McFarland standard.
Inocula were applied to the plates with an inoculum
replicator (Denley Tech. Ltd., Sussex, England) and
incubated according to their nature overnight at 37°C.
One plate of the same medium without antibiotic was
also inoculated and incubated along with each batch as
a control plate to compare growth.
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TABLE 2. MICs of nine growth-promoting agents for eight S. faecalis strains from poultry

Growth- No. of strains with MIC (,Ig/ml [except bacitracin, in U/ml]) of:
promoting agent s0.25 0.5 1 2 4 8 16 32 64 128 >128

Avoparcin la 7
Bacitracin a 3 2 2 1
Flavomycin 3 3 2 a
Lincomycin la 2 1 4
Nitrovin 1 1 4a 1 1
Oleandomycin 2 2a 4
Spiramycin 2 2a 4
Tylosin 2 2a 4
Virginiamycin 3 la 3 1

a MIC of S. faecalis CCM 2541.

The MIC for each strain was recorded as the lowest
concentration of antibiotic yielding no growth, one
discrete colony, or a barely visible haze as determined
with the unaided eyes.

RESULTS

The results of the physiological tests for iden-
tification of the strains are shown in Table 1. The
strains were classified by using the criteria listed
by Sharpe (20). Four of the eight S. faecalis
strains had a zone of inhibition in the Tellur test,
but they reduced tellurite, showing a broad ring
of black colonies. Five strains from the S. fae-
cium group were negative in the methylene blue
test. The last group of 20 strains, which showed
definite growth enhancement in the presence of
5% CO2 in air, was here called the carboxyphilic
group.

Results of the MIC tests for the S. faecalis, S.
faecalis subsp. liquefaciens, S. faecium, and the
carboxyphilic group are shown in Tables 2, 3, 4,
and 5, respectively. The MICs of the agents
against the strains obtained from the CCM (here-
after called the reference strains) are indicated in
the respective tables.
The strains were classified as susceptible, as

low-level resistant or intermediate, or as resist-
ant to the agents according to the MIC by the
agar-dilution method. The standards of the clas-

sification were the relationship of the sensitivity
of strain to that of others of the same species and
the relationship of the sensitivity of strain to that
of a particular standard (in this study, the refer-
ence) strain (8). When only one population was
found, the strains were classified as either sus-
ceptible or resistant to an agent when their MICs
were lower or higher than the concentration of
the agent normally used in feed. If two popula-
tions were found, strains of the one with lower
MICs were classified as susceptible, and the
strains of the other population were classified as
resistant. When more than two populationrs were
found, the strains belonging to the populations
between the susceptible and resistant popula-
tions were classified as low-level resistant or
intermediate strains.

All but one of the S. faecium strains required
an MIC of flavomycin of more than 128 ,ug/ml.
The strain requiring a lower flavomycin MIC of
2 ,ug/ml had a dubious identification, because
besides its negative blue characteristic, it also
failed to ferment melibiose. The strains from
C. S. Impey and R. Fuller were tested against
bacitracin, flavomycin, nitrovin, and virginia-
mycin only. The MICs of the tested agents
against these strains are not included in the
tables. No difference in the MICs of the tested
agents between these strains and the reference

TABLE 3. MICs of nine growth-promoting agents for 23 S. faecalis subsp. liquefaciens strains from poultry

Growth- No. of strains with MIC (,ug/ml [except bacitracin, in U/ml]) of:
promoting agent -0.25 0.5 1 2 4 8 16 32 64 128 >128

Avoparcin 1 22a
Bacitracin 5a 3 3 7 2 3
Flavomycin 21 1 1 a
Lincomycin a 4 19
Nitrovin 21 2a
Oleandomycin 3a 1 19
Spiramycin 2 1 la 19
Tylosin 4a 19
Virginiamycin 5 isa 3

a MIC of S. faecalis subsp. liquefaciens CCM 5613.
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TABLE 4. MICs of nine growth-promoting agents for 15 S. faecium strains from poultry

Growth- No. of strains with MIC (pg/ml [except bacitracin, in U/ml]) of:
promoting agent '0.25 0.5 1 2 4 8 16 32 64 128 >128
Avoparcin 2 13a
Bacitracin la 4 1 1 1 2 3 2
Flavomycin 1 14a
Lincomycin la 4 10
Nitrovin 1 2 la 3 1 4 2 1
Oleandomycin a 5 10
Spiramycin a 1 4 10
Tylosin la 4 10
Virginiamycin 2 4a 4 5

a MIC of S. faecium CCM 2308.

strains was observed, except in the case of S.
faecium EBF 87/152 against bacitracin. This
strain required an MIC of bacitracin of 8 ,ug/ml,
which is 32 times higher than that of the refer-
ence strain, S. faecium CCM 2308.

Species-wise prevalence of acquired resist-
ance among the strains against the agents is
summarized in Table 6. The table does not
include strains which showed natural resistance,
e.g., S. faecium strains to flavomycin. The term
"6acquired resistance" is used to imply resist-
ance in which the strains required MIC levels at
least eight times higher than the MIC levels for
the reference strains or the susceptible strains of
the same species. It is well known that technical
variables of the test may cause an MIC variation
of two twofold dilutions.

DISCUSSION
Although fecal streptococci have been studied

intensively and the individual species have been
reasonably characterized, there are many prob-
lems of identification, especially of what may be
called the intermediate forms, that is, those
forms which cannot be easily assigned to one of
the named species (17). We have also had such
problems in naming or assigning the strains of
the carboxyphilic group and the five methylene
blue-negative strains included in the S. faecium
group. These five strains were more closely

related to S. faecium than to other fecal strepto-
cocci. The strains included in the carboxyphilic
group represent a group of poorly defined micro-
organisms which have certain characteristics in
common with the strains included by Hare (13)
and Barnes and Impey (1). The strains of this
group are not strictly anaerobic. Their growth is
better in the presence of 5% CO2 than aerobical-
ly.
The criteria of susceptibility, as used here, are

tentative because with growth-promoting agents
the interpretation criteria of susceptibility and
resistance have never been established (4). The
notion of susceptibility in vitro does not imply
that the susceptible strains will be inhibited in
vivo.

Avoparcin was active against all streptococci,
irrespective of the species. Many strains were
relatively unsusceptible to bacitracin. The MIC
levels of bacitracin for the susceptible S. faeca-
lis subsp. liquefaciens strains, including the ref-
erence strain, were at least 16 times higher than
that for the susceptible S. faecium strains, in-
cluding the reference strain. This is in contradic-
tion to the results of Barnes and co-workers (2)
that S. faecalis subsp. liquefaciens was more
susceptible in vitro to bacitracin than S. fae-
cium. It should be noted, however, that the
divergence is caused by the existence of ac-
quired resistance, which was less prevalent in S.

TABLE 5. MICs of nine growth-promoting agents for 20 carboxyphilic streptococcal strains from poultry
Growth- No. of strains with MIC (Lg/ml [except bacitracin, in U/mi]) of:

promoting agent -0.25 0.5 1 2 4 8 16 32 64 128 >128

Avoparcin 16 4
Bacitracin 5 1 6 4 4
Flavomycin 15 2 1 1 1
Lincomycin 5 2 1 12
Nitrovin 17 3
Oleandomycin 2 2 4 12
Spiramycin 1 2 1 2 2 12
Tylosin 4 1 3 12
Virginiamycin 8 3 5 4
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TABLE 6. Species-wise prevalence of acquired resistance in poultry Streptococcus strains against nine
growth-promoting agents

Percentage of resistant strainsa

Growth-promoting agent S. faecalis S. S. faecium CarboxyphilicS.faecaliliqubfcesp (15 staeins) streptococci(8 strains) liquefains (15 strains) (20 strains)
(23 strains)

Avoparcin 0 0 0 0
Bacitracin 62 21 67 70
Flavomycin 25 0 0 5
Nitrovin 25 0 20+(53) 0
Lincomycin 50 83 67+(26) 60+(5)
Macrolides (oleandomycin, 50 83 67 60

spiramycin, and tylosin)
Virginiamycin 0 0 0 0

a Figures in parentheses indicate low-level resistant or intermediate strains.

faecalis subsp. liquefaciens than in other groups
(Table 6). The high percentage of acquired
resistance to bacitracin among the strains may
be due to the use of this agent in poultry feeds.
This is a hypothesis, because it was not possible
to trace the composition of the feeds used in the
farms from which the birds originated.
The S. faecalis subsp. liquefaciens strains

were susceptible to flavomycin, whereas all but
one of the strains classified as S. faecium were
resistant to the compound. The percentage of
resistance in other species was not very high.
This is in sharp contrast to Clostridium perfrin-
gens strains (5, 22), which are completely resist-
ant, and to lactobacilli (7), which are relatively
unsusceptible to flavomycin. In the cases of
lincomycin against S. faecium and the carboxy-
philic groups and nitrovin against the S. faecium
group, the strains showed an unusual trimodal
distribution of susceptibility levels. This type of
strain distribution against lincomycin has been
reported in C. perfringens from human origin
(19) and animal origin (6) and in animal lactoba-
cilli (7). Strains very susceptible to lincomycin
were found only in the S. faecium and the
carboxyphilic groups. The MICs required for
inhibition of the susceptible S. faecalis subsp.
liquefaciens strains were between 4 and 16 ,ug/
ml. Resistance to nitrovin was not found among
the S. faecalis subsp. liquefaciens and the car-
boxyphilic groups.
The percentage of resistance to the macrolide

antibiotics oleandomycin, spiramycin, and tylo-
sin was very high. Macrolide-resistant strains
were also resistant to lincomycin. This high
percentage of resistance to macrolide antibiotics
and lincomycin among the streptococci corre-
sponds with similarly high macrolide and linco-
mycin resistance rates in animal lactobacilli (7).
It may be noted that antibiotics of the macrolide
group and lincomycin are used therapeutically
as well as for growth promotion in the poultry
industry.

An extended range of MIC levels was seen in
tests with virginiamycin. The MIC levels of
virginiamycin against the S. faecium strains
were the lowest. This was due to more suscepti-
bility of the S. faecium strains to the virginiamy-
cin component M, a member of the streptogram-
in group A antibiotics (7a).
The mechanism of bacterially induced growth

depression or the mechanism of antibacterial
agent-induced growth promotion is still a contro-
versial issue. In this study, differences in the
natural susceptibility levels of intestinal strepto-
cocci were found with bacitracin, lincomycin,
virginiamycin, and flavomycin. Bacitracin and
virginiamycin were in vitro more active on S.
faecium and S. faecalis groups than on S. faeca-
lis subsp. liquefaciens group; lincomycin and the
macrolide antibiotics were more active on S.
faecium than on others; and flavomycin was
active on all groups except S. faecium. Thus, it
appears that different growth-promoting antibac-
terial agents act differently on different intestinal
streptococcal species. The prevalence of ac-
quired resistance among the intestinal strepto-
cocci may cause some difficulties in obtaining
reproducible results from in vivo studies with
the growth-promoting antibacterial agents.
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