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No standardized method for susceptibility testing of Brachyspira spp. is currently available. A broth dilution
procedure was evaluated and used to test the activities of six antimicrobial agents for 108 isolates of Swedish
porcine Brachyspira spp. representing biochemical groups I, I, and III. Group I corresponds to Brachyspira
hyodysenteriae, group II corresponds to B. intermedia, and group III corresponds to B. murdochii and B.
innocens. A panel was designed with the antimicrobial agents dried in tissue culture trays with wells that
allowed a liquid volume of 0.5 ml in each and agitation of the broth when incubated on a shaker. The MICs
were determined by using brain heart infusion broth with 10% fetal calf serum. For 10 isolates, the results
obtained in broth were compared to the MICs obtained on two different types of agar. Different inoculum
densities and incubation times were also compared. The concentrations at which 90% of the B. hyodysenteriae
isolates (n = 72) were inhibited in the broth dilution test by tiamulin (0.25 pg/ml), tylosin (>256 pg/ml),
erythromycin (>256 pg/ml), clindamycin (>4 pg/ml), virginiamycin (4 pg/ml), and carbadox (0.06 pg/ml)
were determined. The MICs tended to be lower in broth than on agar. Differences in inoculum densities and
incubation times had little influence on the MICs. The evaluated broth dilution test was simple to perform, the
end points were easily read, and the results were reproducible and reliable. No isolates with decreased

susceptibility to tiamulin were found among the Swedish isolates tested.

Swine dysentery is a common disease causing major produc-
tion losses among pigs worldwide (7). This severe diarrheal
disease is caused by an anaerobic spirochete, Brachyspira hyo-
dysenteriae (formerly Serpulina hyodysenteriae [8a]). The other
porcine Brachyspira spp. that have been described are B. inter-
media and B. murdochii (27), B. innocens (13), and B. pilosicoli
(29). In this study, all porcine Brachyspira spp., with the excep-
tion of B. pilosicoli, were included. The pathogenic potential of
B. intermedia is controversial, whereas B. murdochii and
B. innocens are not considered to be pathogens.

Antimicrobial agents are widely used for extended periods
to control swine dysentery in affected herds. The antimicrobial
agents most frequently used in Sweden and many other coun-
tries for the treatment of the disease are tylosin and tiamulin.
Widespread resistance to tylosin, a 16-membered macrolide
antibiotic, in B. hyodysenteriae has been reported in several
countries (2, 14, 17, 23). This resistance is caused by a point
mutation in the 23S rRNA gene (9). After exposure to low
concentrations of tylosin, susceptible strains become macrolide
resistant in vitro in less than 2 weeks. More troubling, Brachy-
spira sp. isolates resistant to tiamulin, the most important agent
for the treatment of swine dysentery in many countries, have
been reported in Australia, Finland, the United Kingdom, and
Hungary (2, 5, 6, 17).

Brachyspira spp. are fastidious organisms, and currently
there is no standardized antimicrobial susceptibility testing
method for the genus. The purpose of this study was to develop
and evaluate a dilution procedure suitable for the susceptibility
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testing of these organisms. A panel with six antibiotics and with
broth and agar was tested with recent isolates of Brachyspira
spp. from pig herds throughout Sweden.

MATERIALS AND METHODS

Bacterial strains and growth conditions. The porcine Brachyspira spp. can be
differentiated according to a biochemical classification system (4). The biochem-
ical groups generally correspond to the recognized species as follows: group I,
B. hyodysenteriae; group 11, B. intermedia; group III, B. murdochii (11la) and
B. innocens (ITIb/c); and group 1V, B. pilosicoli. The Brachyspira spp. used in this
study were 108 Swedish isolates from 90 farms representing biochemical groups
I, II, IITa, and IIIb/c. The bacteria were isolated, identified according to the
biochemical classification system, and stored in liquid nitrogen as described
previously (4). Thawed isolates were grown on fastidious anaerobe agar (Na-
tional Veterinary Institute, Uppsala, Sweden) in an anaerobic atmosphere pro-
vided by gas generator envelopes (BBL GasPak Plus; Becton Dickinson, Cock-
eysville, Md.) in jars for 3 days at 39 to 40°C. The purity of all isolates was
checked by phase-contrast microscopy. The following reference and type strains
were included: B. hyodysenteriae B204 (ATCC 31212), B. hyodysenteriae B78"
(ATCC 27164"), B. intermedia PWS/A™ (ATCC 51140"), and B. murdochii 56-
150" (ATCC 51284™).

Antimicrobial agents. The following six antimicrobial agents were used in this
study: tiamulin hydrogen fumarate (Lovens, Copenhagen, Denmark), tylosin
tartrate (Sigma-Aldrich, Stockholm, Sweden), erythromycin (Sigma-Aldrich),
clindamycin hydrochloride (Upjohn AB, Partille, Sweden), virginiamycin (Pfizer
AB, Rixensart, Belgium), and carbadox (Pfizer AB). Tiamulin, tylosin, virginia-
mycin, and carbadox were chosen because they are or have been used in Sweden
for the treatment of swine dysentery. Erythromycin was included as a prototyp-
ical antibiotic of the macrolide group. Clindamycin served as a representative of
the lincosamide group and also as an agent with accepted MIC ranges for
antimicrobial susceptibility testing of anaerobic bacteria, according to NCCLS
standards (18). The compounds were dissolved and diluted according to the
manufacturers ’ recommendations. The diluted antimicrobial agents were stored
at —70°C.

Antibiotic panels. A panel for susceptibility testing of the six antimicrobial
agents was designed. Twofold serial dilutions (for the range of concentrations,
see Table 2) of the antimicrobial agents were dried in tissue culture trays with 48
wells (NunclonA Multidishes; Nunc, Roskilde, Denmark). The panels with dried
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antimicrobial agents were packaged in foil pouches with a desiccant and stored Q
. . B — =
at room temperature. The packages were hermetic, and 60 to 66% of the air was w|l == e
evacuated with a vacuum pump (Vacuumpack; Howden). o =
Control of performance and shelf life of the antibiotic panels. Each new batch % -
of antibiotic dilutions was tested twice on different occasions with two anaerobic i{ SR9s % 5
control strains recommended by NCCLS standards for the antimicrobial suscep- - g2
tibility testing of anaerobic bacteria (18): Eubacterium lentum (ATCC 43055) and
Bacteroides fragilis (ATCC 25285). Each new lot of panels was also tested with =282 8
two aerobic control strains: Escherichia coli (ATCC 25922) and Staphylococcus Ig Ig $ Ig ? =
aureus (ATCC 29213). The anaerobic control strains were tested in brain heart 23522 g8
infusion broth (Difco) supplemented with 10% fetal calf serum (National Vet- RE8ES =
erinary Institute) (BHIS broth). The inoculation procedure for the panels and
the growth conditions were the same as those for Brachyspira spp. (see below), 2 2 2 2 2
except that the incubation time for B. fragilis was 48 h. The tests with the aerobic SRV I
control strains followed NCCLS standards for broth microdilution (20), except vooo| w
that the inoculation volume was 0.5 ml of Mueller-Hinton broth (Difco) in each 5\ 5 ﬁ 2| =
well and the incubation temperature was 37°C instead of 35°C. Packages with v °© g
panels were stored for shelf life tests. To date, one test has been performed with T E
E. coli (ATCC 25922) and S. aureus (ATCC 29213) after 1.5 years if storage. The =22 =
panels were also tested regularly with B. hyodysenteriae B78" (ATCC 27164™) 3 g 3 g g —
during storage. Strains of Brachyspira spp. suggested for the control of perfor- \I/ LEL|E %
mance are B. hyodysenteriae B18" (ATCC 27164"), which is tiamulin and tylosin SIS E
susceptible; reference strain B. hyodysenteriae B204 (ATCC 31212), which is —
tylosin resistant and tiamulin susceptible; and B. hyodysenteriae 84193-2x/99 l\\/) @ i
(CCUG 47386), which originated from an outbreak of swine dysentery in Ger- o Do | N E
many and for which the MIC of tiamulin is elevated (see Table 3). Q
Broth dilution procedure. Bacteria harvested from agar plates were suspended l\\/) l\\/) l\\/) 2| g =3
in BHIS broth to a concentration of between 1 X 10% and 5 X 108 CFU/ml. The 22292 | R 2.
optical density of the suspension was measured spectrophotometrically (Seco- g o
mam S.250 spectrophotometer; 620 nm, 5-mm path length) and correlated with l\\/\) l\\/\) - l\\/\) ” 2
the population density by viable cell counts. From this suspension, 300 wul was \l/ \l/ \l/ \l/ g 3.
transferred to 30 ml of BHIS broth to obtain a final inoculum concentration of BRRN o g
1 X 10° to 5 X 10° CFU/ml. Each well in the panels was filled with 0.5 ml of the SIS =3
inoculum. The panels were incubated in square GENbox anaerobic jars with v - =
GENbox Anaer generator sachets (bioMérieux, Lyon, France). The panels were w Do § 0?9:
covered with plastic lids, with a maximum of four panels per jar. After 4 days of 0o =1
incubation on a rotary shaker (60 to 80 rpm) at 37°C, the MIC was read as the VVYV | e 51 z
lowest concentration of the antimicrobial agent that prevented visible growth. aADRBD § g S
One well in each panel contained no drug and was used as a growth control and oo a g %’
for visual comparison with growth in the other wells. The reading was made with INAIA A s, z g
the assistance of a viewing device with a mirror to obtain indirect light. The MIC PRPP| s = a g
was determined in triplicate for 91, in duplicate for 11, and once for 6 isolates. l\\/J l\\/-) l\\/-) l\\/-) "g =2
Rate of growth in BHIS broth. To determine the rate of growth in the medium L9 C =
used, the growth of B. hyodysenteriae B78" (ATCC 27164™) and one field isolate é 7
of B. hyodysenteriae, AN 2420:97, in BHIS broth was monitored spectrophoto- =gl I =3 g»—
metrically. To imitate the susceptibility testing conditions, a suspension of bac- R R ]
teria was prepared and incubated in the same way as for the broth dilution test. A :
Viable counts were determined at the end of the exponential phase. . VoV § E ;
Comparison of different inoculum densities and different incubation times. To e N
evaluate the effect of the inoculum density on the MIC, bacterial suspensions AN A IA % %
from 10 isolates were tested. Three inoculum densities of each isolate were tested SEEE z 5 *§
in BHIS broth (optical density at 620 nm [ODy5], 0.102 to 0.864). Three panels LYY R N
with the same isolate were tested simultaneously in the same batch of media and Yyvy ° 3
were incubated together in one jar. Viable cell counts of bacterial suspensions ®
with low, medium, and high densities of B. hyodysenteriae B78" (ATCC 27164™) P | 8
and one field isolate of B. hyodysenteriae, AN 4225:99, were determined in R <
duplicate. el @
The effect of different incubation times in BHIS broth was investigated for four B § E:
isolates. Four panels were prepared from the same inoculum of each isolate and 8
placed in different jars. The jars were opened sequentially, and the MICs were oo .5 z g
read on days 2, 3, 4, and 5. Carbadox and virginiamycin were not included in this LALL@
test. > @ ©
Comparison of broth dilution and agar dilution. Ten isolates were tested twice cocooco|w
in BHIS broth and once on two different agar media, Trypticase soy agar with 5% 22832 §
ox blood (TSA agar; National Veterinary Institute) and Wilkins-Chalgren agar AR
with 5% defibrinated horse blood (WC agar; National Veterinary Institute). The cooco| g
same panels were used for agar as described above for broth, and 0.5 ml of agar TS| |2
was poured into each well. Each agar-filled well was inoculated with 2 pl (1 X 10° :‘,‘
to 5 X 10° CFU/spot) of a suspension identical to that prepared for broth oo g g §
dilution. After 4 days of incubation at 37°C, the MIC obtained with agar dilution 2888 |7
was read as the lowest concentration of the antimicrobial agent that prevented e+ &
visible growth or hemolysis. Control strains E. coli ATCC 25922 and S. aureus 2 2 S S ©
ATCC 29213 were used to test the agar panels. The inoculum of each control R
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FIG. 1. MIC distributions. (a) Distribution of MICs of six antimicrobial agents for 72 Swedish field isolates of B. hyodysenteriae. (b) Distribution
of MICs of six antimicrobial agents for 36 Swedish field isolates of Brachyspira sp. biochemical groups II and III.

strain was prepared as for broth dilution and diluted to 1 X 103 to 1 x 10*
CFU/spot. The panels were uncubated for 16 to 20 h at 37°C.

RESULTS

Antimicrobial susceptibility. The results of the susceptibility
testing of the Swedish field isolates of Brachyspira spp. are
shown in Table 1 as the concentrations at which 90 and 50% of
the isolates were inhibited (MIC,, and MICj,, respectively).
The population distribution of the MICs of the six antimicro-
bial agents tested is shown in Fig. 1. When the tests were
carried out in triplicate, the value used in the population dis-
tribution diagrams and for the MIC,, and the MIC;, was
either the most common value obtained or the middle value,
whereas the highest value was used when the isolates were
tested in duplicate.

The tests were carried out in triplicate for 91 of the 108
isolates. For 255 of these tests, the inoculum density was mea-
sured and varied between ODy,,s of 0.177 and 0.695 (corre-

sponding to a final inoculum density of 1 X 10° to 5 X 10°
CFU/ml). The MICs of tylosin and tiamulin in these repeated
tests did not differ more than two twofold dilutions for any of
the 91 isolates. For virginiamycin, clindamycin, erythromycin,
and carbadox, the difference between the highest and the low-
est MICs was more than two twofold dilutions for 1, 2, 7, and
14 isolates, respectively.

The MIC:s for all B. hyodysenteriae isolates tested in triplicate
and for which an optical density was obtained for the inoculum
in all tests were compared. For these isolates (n = 44), the
MICs obtained in the second and third tests were compared
with those obtained in the first test (Table 2). The inoculum
density varied between ODy,,s of 0.177 and 0.679 (correspond-
ing to a final inoculum density of 1 X 10° to 5 X 10° CFU/ml).
For four antimicrobial agents, 95% or more of the MICs were
within *1 twofold dilution. For about one-half of the isolates
tested, the tylosin and erythromycin MICs were above the
range of the concentrations used in all three tests, and the



VoL. 41, 2003

b Tiamulin
& group II 0=20) & group Il (n=16)
40%

ANTIMICROBIAL SUSCEPTIBILITY OF BRACHYSPIRA SPP.

30% A

20% -

10% +

0%

<0016 0031 0.063 0125 025 05 1 2 >2

MIC (pg/ml)
Virginiamycin
[ group I (n=20) & group 11l (n=16)
60%
50% i
40%
30%
20%
10% 1
0% -
<025 05 1 2 4 8 16 >16
MIC (pug/ml)
Carbadox
@ group II (n=20) B group III (n=16)
60%
50%
40% -

30% -

20% +
10% -

0% - T : T
<0004 0008 0016 0031 0063 0125 025 05 >05

MIC (pg/ml)

2599

Tylosin
& group Il (n=20) @ group III (n=16)

40%

30% 1

20% -
10% -
0% - T T T . -
< 4 8 16 32 64 128 256 >256
MIC (pg/ml)
Erythromycin
& group II (n=20) & group Il (n=16)
40%
30%
20% -
10% -
0% -
<2 4 8 16 32 64 128 256 >256
MIC (pg/ml)
Clindamycin
£ group II (n=20) & group 11l (n=16)
40%

30%

20%

10%

0%
<0031 0063 0125 025 05 1 2 4 >4

MIC (pg/ml)

FIG. 1—Continued.

same was true for about one-fourth of the isolates tested with
clindamycin.

Control of performance and shelf life. The results obtained
with all control strains and all proposed or accepted ranges
available for the test organisms used are shown in Table 3. For
all strains, the difference in test results was less than two
twofold dilutions, except for four test series with Brachyspira
spp. In shelf life tests, the MICs of all six antimicrobial agents

were either within the available accepted ranges or within
ranges obtained from previous repeated tests with the control
strains.

Rate of growth in BHIS broth. The optical densities of the
initial suspensions of B. hyodysenteriae B78* (ATCC 27164T)
and field isolate AN 2420:97 were 0.305 and 0.398, respec-
tively; those after two 10-fold dilutions were 0.007 and 0.008,
respectively. The growth curve for the field isolate was analo-

TABLE 2. Differences in MICs for 44 isolates of B. hyodysenteriae tested in triplicate for comparisons of tests 2 and 3 with test 1

Antimicrobial MIC range tested No. of MICs/ % of MICs within
agent (hg/mi) -2 -1 Same +1 +2 +3 +4 +5 =1 dilution
Tiamulin 0.016-2 0 13 48 27 0 0 0 0 100
Tylosin 2-256 0 7 68 13 0 0 0 0 100
Erythromycin 2-256 0 8 55b 15 7 2 0 1 89
Clindamycin? 0.03-4 2 13 45¢ 24 2 0 0 0 95
Virginiamycin 0.25-16 3 12 54 19 0 0 0 0 97
Carbadox® 0.004-0.5 6 15 25 21 9 1 1 0 78

“ For 19 isolates, MICs were outside the range of the panel in all three tests.
b For 22 isolates, MICs were outside the range of the panel in all three tests.

¢ For 11 isolates, MICs were outside the range of the panel in all three tests.

4 Forty-three isolates were compared (one isolate was excluded due to skipped wells).
¢ Thirty-nine isolates were compared (five isolates were excluded due to skipped wells or contamination).
/Values are numbers of MICs that were identical or differed within a range of —2 to +5 dilution steps.
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TABLE 3. In vitro activities (MICs) of six antimicrobial agents for control strains and for reference and

type strains of Brachyspira spp. tested in the broth dilution panel”
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=0.5(7)

Carbadox
=0.5(7)
>0.5(5)
>0.5 (5)
0.016-0.06 (7)
0.016-0.03 (5)
NT

4-8 (9)

Virginiamycin
1-4 (9)

Clindamycin

0.25"-1 (9) [0.5-2°]
0.125-0.257 (9) [0.03-0.12°]

MIC (pg/ml) of:

2-4(9)

Erythromycin
=2(9)

Tylosin

=2(9)
=2(9)
>256 (9) [>64]

Tiamulin
1-4 (9)
=2(9)
>2 (9)

Medium
BHIS
BHIS

Strain

Bacteroides fragilis (ATCC 25285)
Eubacterium lentum (ATCC 43055)

Escherichia coli (ATCC 25922)

>4(9) >16 (9)

0.125-0.25 (12) [0.06-0.25]

64-128 (9)
=2 (12) [0.25-1¢]

MH

1-2(12)
1-2.(7)
1-2 (6)

=2(12) [1-2°]
4-8(7)

1(12) [0.5-2]
0.03-0.06 (7)
0.03-0.06 (6)

MH

Staphylococcus aureus (ATCC 29213)
B. hyodysenteriae B718" (ATCC 27164™)

B. hyodysenteriae B204 (ATCC 31212)

0.06-0.125 (7)

4-32 (6)

>256 (6)

BHIS

NT

NT

1->4 (6)
0.03-0.06 (3)

NT

8-16 (5)
0.03-0.06 (3)
0.06-0.125 (3)

BHIS
BHIS

B. hyodysenteriae 84193-2x/99 (CCUG 47386)

B. intermedia PWS/AT (ATCC 511407)
B. murdochii 56-150" (ATCC 512847T)

0.008-0.03 (3)

1(3)
1-2 (3)

2-16 (3)

>256 (3)

BHIS

0.03-0.06 (3)

=4 (3)

BHIS

“ Numbers in parentheses represent numbers of tests performed. Numbers in brackets represent MIC ranges. MH, Mueller-Hinton broth. NT, not tested.

b Eight of nine tests were within the range.

¢ Approved by the NCCLS (18).

@ Five of nine tests were within the range.
¢ Proposed by Odland et al. (21).

/ Approved by the NCCLS (19).

& Approved by the NCCLS (20).
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gous to that for B78" (ATCC 27164"), and the end of the log
phase was reached within 48 h. The viable counts for both
isolates at 48 h were 5 X 10°® CFU/ml.

Different inoculum densities and incubation times. For
tiamulin, tylosin, clindamycin, and virginiamycin, the MIC was
at most one twofold dilution higher with a higher inoculum
density (Table 4). The MICs of erythromycin differed by two
twofold dilutions for one isolate, and those of carbadox dif-
fered by three twofold dilutions for three isolates. Again, for
some isolates, the MICs were not within the ranges tested for
tylosin, erythromycin, and clindamycin. Of the MICs within the
test ranges, 36% were the same for all three inoculum densities
tested. There was a high correlation between the duplicate
determinations of viable counts and the optical densities of two
isolates suspended at three different inoculum densities (Fig.
2). Differences in incubation time had little influence on the
MICs. In all cases but one, the variation was never more than
one twofold dilution (Table 5).

Comparison of broth dilution and agar dilution. For some
of the isolates, the end points were difficult to read on agar.
Often, growth was not visible to the naked eye, and the reading
had to rely on the occurrence of hemolysis. For all antimicro-
bial agents except carbadox, the MICs tended to be higher on
agar than in broth. The greatest discrepancies were seen for
erythromycin, clindamycin, and carbadox (Table 6).

DISCUSSION

Most reports on susceptibility testing of Brachyspira spp.
have used agar dilution. No widely accepted or standardized
method for susceptibility testing of these organisms is currently
available. The test conditions vary considerably and include
type of medium, supplements, incubation time, and inoculum
density, making it difficult to compare results.

The solid medium most commonly used for the antimicro-
bial susceptibility testing of B. hyodysenteriae is Trypticase soy
agar with 5% ox or ssheep blood (8, 14, 23, 26, 29). In general,
the MIC is reported as the lowest concentration of the anti-
microbial agent that prevents growth or hemolysis. However,
reading end points by means of hemolysis can be subjective
because subinhibitory concentrations of some antimicrobial
agents may prevent hemolysis in certain bacterial species (24,
25). With regard to Brachyspira spp., this situation is a problem
because growth on agar after inoculation with 10> CFU/spot is
difficult to detect for many isolates and the absence of hemo-
lysis is the only means of observing growth inhibition. Because
of this problem, it is difficult to follow the NCCLS recommen-
dations to read the end point at which a marked change occurs
in the appearance of growth compared to the growth on the
control plate (18). Furthermore, reading end points is even
more difficult for the weakly hemolytic species of Brachyspira.

Given the impact of swine dysentery on the pig industry, a
method for the susceptibility testing of the causative agent, B.
hyodysenteriae, that can provide reliable results that are com-
parable between laboratories is essential. In many countries,
the antimicrobial arsenal available against swine dysentery has
been reduced to only a few substances, because of decreased
susceptibility and withdrawal of drugs authorized for the treat-
ment of pigs. For example, to date in Sweden, tiamulin and
tylosin are the only antimicrobial agents licensed for the treat-
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TABLE 4. Influence of inoculum density on MICs of six antibiotics for 10 B. hyodysenteriae isolates tested in BHIS broth

MIC (ug/ml) of:

Isolate Inoculum density”
Tiamulin Tylosin Erythromycin Clindamycin Virginiamycin Carbadox
AN 117:99 0.190 0.125 >256 >256 >4 2 0.016
0.375 0.125 >256 >256 >4 4 0.06
0.488 0.125 >256 >256 >4 4 0.125
AN 2343:99 0.207 0.125 >256 >256 >4 4 0.016
0.362 0.125 >256 >256 >4 4 0.016
0.446 0.125 >256 >256 >4 4 0.016
AN 756:99 0.179 0.125 >256 >256 4 2 0.016
0.458 0.125 >256 >256 >4 2 0.016
0.719 0.250 >256 >256 >4 4 0.06
AN 949:99 0.213 0.125 >256 >256 >4 4 0.016
0.475 0.250 >256 >256 >4 4 0.06
0.864 0.250 >256 >256 >4 4 0.125
AN 872:99 0.205 0.125 >256 >256 4 2 0.008
0.313 0.125 >256 >256 4 2 0.008
0.650 0.250 >256 >256 >4 4 0.03
AN 702:99 0.102 0.06 >256 >256 4 2 0.016
0.322 0.125 >256 >256 >4 2 0.03
0.582 0.125 >256 >256 >4 2 0.016
AN 1482:99 0.166 0.25 8 8 0.25 2 0.008
0.368 0.25 8 16 0.5 2 0.016
0.662 0.5 8 32 0.5 4 0.06
AN 2331:99 0.116 0.03 4 16 0.125 1 0.008
0.248 0.06 8 32 0.125 2 0.016
0.460 0.06 8 32 0.125 2 0.03
AN 799:99 0.149 0.03 4 16 0.06 2 0.016
0.352 0.03 4 16 0.06 2 0.016
0.558 0.06 4 32 0.06 2 0.03
AN 2224:99 0.222 0.25 >256 >256 >4 4 0.016
0.416 0.25 >256 >256 >4 4 0.016
0.612 0.25 >256 >256 >4 4 0.016

“ Optical density measured spectrophotometrically.

ment of swine dysentery and formulated for medication via
feed or water. To prevent a scenario in which there are no
efficacious antimicrobial agents for use against swine dysen-
tery, the monitoring of antimicrobial resistance in B. hyodys-
enteriae is important. This monitoring is essential for the early
detection of resistance and subsequent intervention against the
spread of resistance. The use of tiamulin only under strict
conditions would also help to avoid this situation. In addition
to a standardized method, interpretation of the results of sus-
ceptibility tests needs to be standardized. To achieve compa-
rability of results between countries, a common approach with
uniform breakpoints for resistance is desirable.

A clinical breakpoint for tiamulin resistance of 4 pg/ml has
been proposed (23). However, this breakpoint is based solely
on pharmacokinetic data. With this breakpoint, all isolates of
B. hyodysenteriae tested in this study would be designated sus-
ceptible to tiamulin, in agreement with the distribution of the
MICs and indicating a tightly grouped population of isolates
for which the MICs were below 0.5 pg/ml (Fig. 1a). The pro-
posed clinical breakpoint is considerably higher than the MICs

for the normal susceptible population. To monitor a gradual
decrease in susceptibility to tiamulin among Brachyspira spe-
cies isolates, a much lower microbiological breakpoint of, for
example, 0.5 pg/ml is more relevant. Thus, isolates for which
the MICs of tiamulin are above this microbiological breakpoint
should be reported as having reduced susceptibility or possibly
as resistant.

A tendency toward higher tiamulin, tylosin, erythromycin,
and clindamycin MICs was seen for the B. hyodysenteriae iso-
lates from 1996 to 1999 than for the isolates from 1990 to 1993
(Fig. 1a). Studies from Poland and Finland have shown a
gradual decrease in susceptibility to tiamulin over time (1, 5).
In two recent studies on B. hyodysenteriae isolates from Ger-
many and the Czech Republic, this decrease was even more
obvious. These studies show an increase in tiamulin MICs
corresponding to four or five doubling dilutions for the whole
population tested over the last 5- to 6-year period (3, 11). Thus,
even if tiamulin resistance in B. hyodysenteriae does not de-
velop rapidly, in due course exposure to the drug will result in
decreased susceptibility. For some isolates, this decrease most
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FIG. 2. Correlation of optical densities and viable counts for suspensions of B. hyodysenteriae B78" (ATCC 27164") and a field isolate of

B. hyodysenteriae. 1 is the Pearson correlation coefficient.

likely will be sufficient to cause treatment failure. In vitro
resistance following subculturing in the presence of tiamulin
also develops slowly and stepwise (10).

About two-thirds of the B. hyodysenteriae isolates from 1996
to 1999 were resistant to tylosin. Further, all those isolates also
showed cross-resistance to erythromycin and clindamycin (Fig.
la). This resistance is caused by a point mutation at position
2058 (E. coli numbering) in the 23S rRNA gene (9). Mutation
or methylation of the equivalent position causes macrolide,
lincosamide, and streptogramin B resistance in several bacte-
rial genera (22, 30, 31). Virginiamycin is a combination of
streptogramins A and B; therefore, the mutation at position
2058 will not affect activity. This conclusion is supported by the
virginiamycin MICs presented, which showed the distribution
of a susceptible population (Fig. 1). The high frequency of
tylosin resistance reported for B. hyodysenteriae in many coun-
tries (2, 14, 17, 23) is not surprising in view of selective pressure
due to the wide use of tylosin as a therapeutic agent and as a
growth promoter in swine production.

The distribution of MICs for group II and III isolates
showed a few differences from that for other B. hyodysenteriae
isolates. Isolates with decreased susceptibility to tiamulin were
found; most were group III isolates. The MICs of virginiamycin
and carbadox also were higher for group III isolates than for
group IT isolates. On the other hand, very few group III isolates
and only one-third of group II isolates were resistant to tylosin.
However, it is difficult to draw any conclusions due to the
limited number of isolates investigated.

There are few anaerobic control strains for use in antimi-
crobial susceptibility tests. For example, three strains are rec-
ommended by the NCCLS, and the list of antimicrobial agents
with accepted ranges includes no antimicrobial agents used
only in veterinary medicine. Lincomycin is the lincosamide
used therapeutically in pigs, but we chose clindamycin instead
to include in the panel at least one antimicrobial agent with
accepted ranges for the anaerobic control strains. The B. fra-

gilis strain used in this study grew well with clear, stable end
points, whereas E. lentum grew weakly in broth with 10% fetal
calf serum as a supplement even after 4 days on a shaker. The
weak growth of E. lentum in broth makes it difficult to read the
end points, and so the strain is not suitable as a control organ-
ism for this broth method. Thus, it would be desirable to have
more internationally available and recommended anaerobic
control strains that give reproducible results and for which
there are accepted ranges for drugs used in veterinary medi-
cine.

The inoculum used here was prepared from bacteria in sta-

TABLE 5. Comparison of different incubation times for a panel
similar to that used in the main study but with
alterations of antibiotics and ranges”

MIC (pg/ml) of:

Incubation
Isolate .
time (days) Tylosin  Tiamulin ~ Erythromycin  Clindamycin
AN 640:00 2 4 0.03 8 =0.125
3 4 0.03 8 =0.125
4 4 0.03 8 =0.125
5 4 0.03 16 =0.125
AN 809:00 2 >256 0.06 >256 4
3 >256 0.125 >256 8
4 >256 0.125 256 8
5 >256 0.125 >256 8
AN 817:00 2 >256 0.125 >256 4
3 >256 0.125 >256 8
4 >256 0.125 >256 8
5 >256 0.125 >256 8
AN 780:00 2 >256 0.125 >256 >16
3 >256 0.125 >256 >16
5 >256 0.25 >256 16

“The panels were prepared from the same inoculum and incubated in four
different jars, opened sequentially on days 2, 3, 4, and 5. Carbadox and virgin-
iamycin were not included.
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TABLE 6. MICs of six antibiotics for 10 B. hyodysenteriae isolates and two control strains tested with broth dilution and agar dilution”

MIC (pg/ml) of:

Isolate or strain Medium
Tiamulin Tylosin Erythromycin Clindamycin Virginiamycin Carbadox
AN 174:92 BHIS 1 0.03 4 4 =0.03 2 0.03
BHIS 2 0.03 4 =2 =0.03 2 0.016
wC 0.03 4 4 0.06 2 0.008
TSA 0.06 4 4 0.06 4 =0.004
AN 2156:98 BHIS 1 0.03 128 >256 1 1 0.008
BHIS 2 0.06 >256 >256 1 1 0.008
wC 0.125 >256 >256 >4 2 0.008
TSA 0.06 >256 >256 >4 4 =0.004
AN 2157:98 BHIS 1 0.06 256 >256 2 1 =0.004
BHIS 2 0.06 >256 >256 1 1 =0.004
wC 0.25 >256 >256 >4 4 0.008
TSA 0.125 >256 >256 4 4 =0.004
AN 460:98 BHIS 1 0.03 8 4 0.06 2 0.06
BHIS 2 =0.016 4 =2 =0.03 1 0.008
wC 0.06 8 32 0.125 4 0.016
TSA 0.03 8 16 =0.03 4 0.008
AN 487:98 BHIS 1 0.125 >256 >256 2 4 0.016
BHIS 2 0.06 >256 >256 1 1 0.008
wC 0.125 >256 >256 4 4 0.016
TSA 0.06 >256 >256 2 8 =0.004
AN 522:98 BHIS 1 0.125 >256 >256 >4 4 0.125
BHIS 2 0.03 >256 >256 1 2 0.008
wC 0.06 >256 >256 4 4 0.008
TSA 0.06 >256 >256 2 8 =0.004
AN 613:98 BHIS 1 0.06 >256 >256 4 4 0.016
BHIS 2 0.06 >256 >256 1 2 0.008
wC 0.125 >256 >256 >4 8 0.016
TSA 0.06 >256 >256 4 8 0.008
AN 724:98 BHIS 1 0.03 4 4 =0.03 2 0.03
BHIS 2 =0.016 =2 =2 =0.03 1 0.008
wC 0.06 16 64 0.06 2 0.016
TSA 0.06 8 4 0.06 4 0.008
AN 371:98 BHIS 1 0.06 >256 >256 2 4 0.03
BHIS 2 0.06 >256 >256 2 2 0.016
wC 0.125 >256 >256 >4 4 0.016
TSA 0.06 >256 >256 >4 4 0.008
AN 903:98 BHIS 1 0.03 4 =2 =0.03 1 0.008
BHIS 2 0.03 4 =2 =0.03 2 0.03
wC 0.03 8 32 =0.03 4 0.008
TSA 0.03 4 =2 =0.03 2 0.008
Escherichia coli ATCC 25922 BHIS >2 >256 64 >4 >16 >0.5
wC >2 >256 128 >4 >16 >0.5
TSA >2 >256 64 >4 >16 >0.5
Staphylococcus aureus ATCC 29213 BHIS 1 =2 =2 0.25 1 >0.5
wC 1 =2 =2 0.25 2 >0.5
TSA 1 =2 =2 0.25 1 >0.5

“ The inocula of B. hyodysenteriae isolates were 1 X 10° to 5 X 10° CFU/ml in broth and 1 X 10° to —5 X 10° CFU/spot on agar. The inocula of the control strains
were approximately 5 X 103 CFU/ml in broth and 1 X 10* CFU/spot on agar.

tionary phase by removing 3-day-old culture material from counts instead of direct microscope counts to estimate the
solid media and suspending this material in broth. After 3 days inoculum bacterial concentration. On the other hand, Brach-
of incubation on agar, some spirochetes coil or form spherical yspira cells tend to aggregate, and viable counting may result in
bodies, which may not be as viable as spirochetes with a normal a lower number (CFU) than direct counting of individual cells
morphology. Because of this situation, we chose viable cell (28).
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As a general rule, MICs determined by both broth macrodi-
lution and broth microdilution are often one twofold dilution
lower for anaerobes than are those obtained with agar dilution
tests (18). This situation was also seen in this study when the
results from broth tests were compared to the results from agar
tests. An exception was carbadox, for which lower MICs were
recorded on agar than in broth. When broth dilution with
prepared panels was chosen as a method for this study, the
advantages over agar dilution included having a standardized
reproducible test which was easy to perform at short notice and
with easily read end points. Different types of broth have been
shown to support the growth of Brachyspira spp. (12, 15, 28). In
the present study, BHIS broth supported growth well, as also
reported by others (28), and it has likewise been proposed in
an NCCLS approved standard for the susceptibility testing of
anaerobes (18). When Lemcke et al. compared the rates of
growth of B. hyodysenteriae in broth supplemented with differ-
ent sera, they found that rabbit serum supported the greatest
population density, but fetal calf serum was only slightly infe-
rior (16).

Because there is a high correlation between optical densities
and viable counts, the measure of absorbance may be a con-
venient method for estimating the number of viable organisms
when one is preparing inocula of Brachyspira spp. However,
both the different inoculum densities and the different incuba-
tion times tested in this study had little influence on the MICs.
Other factors, such as the condition of the isolate and the
duration of exposure to oxygen, may have a greater influence
on the results.

In conclusion, the present investigation demonstrates a
broth dilution method for the antimicrobial susceptibility test-
ing of porcine Brachyspira spp. The method is easy to stan-
dardize and to perform, and the MIC end points are easily
read. Further, this broth dilution method appears to be a
suitable tool for monitoring resistance in Brachyspira spp.
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