
756 THE JOURNAL OF ANTIBIOTICS AUG. 1978

IN VITRO ACTIVITY OF TIAMULIN (81.723 HFU), A NEW PLEUROMULIN 

   DERIVATIVE, AGAINST CLINICALLY SIGNIFICANT ANAEROBES

            H. WERNER, G. LABER, E. SCHUTZE, C. KRASEMANN and P. MAY 

The Institute of Medical Microbiology and Immunology, University of Bonn, FR of Germany 

                  and Sandoz Forschungsinstitut, Vienna, Austria 

                    (Received for publication May 12, 1978)

    The susceptibility of more than 40 strains of Gram-negative and Gram-positive anaerobes 
to tiamulin (Sandoz 81.723 hfu), a new pleuromulin (pleuromutilin) derivative, was determined 
by broth dilution and agar dilution tests. The influence of density of the inoculum upon MICs 
was studied by a specially designed pour plate-technique. Bacteroides fragilis, B. vulgatus, B. 
splanchnicus, B. oralis, B. asaccharolyticus, B. inelaninogenicus, Fusobacterium fusiforme (F. 
nucleatum), Sphaerophorus necrophorus, Clostridium perfringens, C. fallax, Propionibacterium 
aches and several species of Peptococcaceae showed broth dilution MICs of 0.03 - 1 1cg/ml. 
Members of B. thetaiotaomicron, B. distasonis and S. freundii (F. mortiferum) were inhibited 
by 8-321sg/ml and 2 strains of S. varies had a broth dilution MIC of 256,ug/ml. With most 
strains, the agar dilution MICs were 2-4-8 times the broth dilution MICs. In pour plate-
tests, the MICs were not considerably influenced by varying initial concentrations of viable 
cells. With most anaerobes, the MBCs of tiamulin were more than 100-fold higher than the 
MICs. The results obtained indicated that, apart from S. varies, B. thetaiotaomicron, B. dis-
tasonis and S. freundii (F. mortiferum), members of 16 other anaerobic species including B. 
fragilis were without exception sensitive to tiamulin.

   In recent years, it has been demonstrated by numerous study groups that Gram-negative and 

Gram-positive anaerobes are common causes of pyogenic and septic infections. Certain anaerobic 

bacteria, e.g. Bacteroides fragilis and related organisms, are of special interest because of their virulence 

and resistance to antimicrobial agents.'' 

   A new pleuromulin derivative, 14-deoxy-14(2-diethylaminoethyl)mercaptoacidoxymutilin hydro-

gen fumarate, tiamulin (Sandoz 81.723 hfu), was shown by DREws et al." to be active against a variety 

of Gram-positive bacteria and against mycoplasmas. A number of Shigella, Klebsiella and Escherichia 

coli strains were also found to be susceptible. The new compound acted bacteriostatically.2,5, Bac-

tericidal effects were observed only at concentrations which were 100-fold higher than the M[Cs.2' 

   The present paper deals with studies to evaluate the efficacy of tiamulin against clinically important 

anaerobes. 

                               Materials and Methods 

   Antibiotic 

   Tiamulin was synthesized by procedures described elsewhere." Lot No. 74903 was used through-
out the study (purity l00%). 

   Organisms 

   Most of the anaerobic bacteria tested were isolated from clinical specimens during 1975- 1977. 

   Anaerobic Gram-negative non-sporing rods (Bacteroidaceae) were differentiated by procedures 
described elsewhere."-"' Among the saccharolytic non-pigmented Bacteroides species identified 
were B. fragilis, B. thetaiotaomicron, B. vu/gates, B. distasonis'"12', and the newly described species
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 B. splanchnicus.'6I The butyric acid-producing strains of B. melaninogenicus have recently been assigned 
 to a new species, B. asaccharolyticus.') A strain of carbohydrate-fermenting, butyric acid-producing, 

pigmented Bacteroides could not be properly assigned to one of the remaining subspecies of B. melanino-
genicus6>7' and is referred to as B. melaninogenicus, saccharolytic, butyrate-positive. The species desig-
nation of B. oralis is used as described by WERNER et a1.13) The genus designation of Sphaerophorus 
was retained for the rod-like Gram-negative anaerobes which do not accumulate isobutyric and isovaleric 
acids but form butyrate as one of the major fermentation products."' According to our studies,') there 
is in existence only one species of fusiform butyrate-producing anaerobes, Fusobacterium fusiforme 

(F. nucleatum). 
    Species differentiation of anaerobic Gram-positive cocci (Peptococcaceae) was based on formation 

of fatty acids and pH values in peptone-yeast extract-glucose medium.') 
    Strains of Propionibacterium acnes were characterized by formation of propionic and isovaleric 

acids, indole-production and fermentation of carbohydrates.' 
    Clostridium strains (C. perfringens, C. fallax) were identified by their acid and alcohol products 

as well as other biochemical and morphological features.'") A member of Bifidobacterium showed 
acetic acid production and other biochemical features of the genus.' 

    Susceptibility testing 

    The MICs were determined by broth and agar dilution tests. Medium 156 according to SIMON'o' 
was inoculated with approximately 10' organisms per ml cultivated in RosENow broth. The tubes 
were incubated 15-48 hours at 37°C, according to the species tested. The MIC was defined as the 
lowest concentration of tiamulin permitting no growth. The agar dilution test was performed with 

glucose-cysteine-yeast extract agar, to which 5 % laked sheep blood was added.') The plates were 
inoculated with 105 bacteria and incubated in GasPak jars for 48 hours. Here again the MIC was 
determined as the lowest concentration of tiamulin permitting no growth. 
    The MBC was designated as either that concentration of tiamulin that completely inhibited growth, 
or that concentration yielding fewer than 10 colonies after subculture to a blood-agar plate." 
   The influence of density of the inoculum upon MIC was studied by a special pour plate-technique. 
The several concentrations of test organisms (=serial tenfold dilutions of ROSENOw broth cultures) 
were added to melted peptone - yeast extract - glucose agar containing the several concentrations of tia-
mulin and plates were poured. With each test organism, about 10 concentrations of tiamulin were used 
ranging between 0.25-4 times the MIC as determined by broth dilution tests. After 4-6 days incuba-
tion at 37°C in GasPak jars the numbers of colonies formed were determined and zero end points 
evaluated as MICs. 

                                   Results 

   The MIC and MBC values of 41 strains are shown in Table 1. The majority of the strains belonging 

to Bacteroides fragilis, B. vulgatus, B. splanchnicus, B. oralis, B. asaccharolyticus, B. melaninogenicus, 

Fusobacterium fusiforme (F. nucleatum), Sphaerophorus necrophorus, Clostridium perfringens, C. fallar, 

Propionibacterium acnes, Bifidobacterium sp. and Peptococcaceae spp. had broth dilution MICs of 

0.03 - 1 ,ug/ml, whereas members of B. thetaiotaomicron, B. distasonis and S. freundii (F. mortiferum) 

were inhibited by 8-321pg/ml. The only species to show broth dilution MICs of 256 pg/ml was S. 

varius (Table 1). 

   Agar dilution MICs tended to be 2-4-8 times higher than those determined by broth dilution 

tests (Table 1). However, with some strains, e.g. members of B. oralis, B. asaccharolyticus, Clostridium 

spp. and Bifiidobacterium sp., the results obtained by means of the two methods were identical (Table 1). 

   MBC values were in many instances, especially with those strains exhibiting low MICs, more than 

256 times higher than the MlCs as determined either in broth or in agar (Table 1). 

   The MICs of 33 strains were determined in agar plates containing 10' - 10' colony-forming units
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per ml (Table 2). With many of the cultures, only 3, 4 or 5 concentrations of test organisms could be 

evaluated. The increase in numbers of cells inoculated from 101 or 102 to 10', 10' or 101 per ml resulted 

in relatively inconspicuous rises of MIC values mostly not exceeding a doubling or trebling. With a 

strain of S. necrophorus and S. varius each, MICs increased 16-fold (Table 2). 

                                     Discussion 

   In determining the possible efficacy of newer agents against anaerobes, numbers and species of 
the organisms tested should be representative of their respective clinical importance as reflected in 

frequency of isolation and severity of cases. 
   There are a number of problems associated with susceptibility testing of anaerobes which are not 

encountered in the testing of aerobes. Apart from the influence of media used and initial pH, anaero-

Table I. In vitro activity of 81.723 hfu against Gram-negative and Gram-positive anaerobic bacteria

            Species 

Bacteroides fragilis 

B. thetaiotaonricron 

B. vulgatus 

B. distasonis 

B. splcrnchnicus 

B. oralis 

B. asaccltarol)ticus 

B. inelaninogenicus (saccharolytic, 
  butyrate-positive) 

Fusobacterium fitsiforme 
  (~F. nucleatum) 

Sphaerophorus necrophorus 

S. rarius 

S. freundii (=F. mortiferwn) 

Clostridium perfringens 

C. fallax 

Propionibacterium acnes 

Bifidohacterimn sp. 

Peptostreptococcus anaerobius 

Peptococcus asaccharolvticus 

P. prevotii 

P. variabilis

No. of 
strains

MIC (/cg/ml)

Broth Agar
M BC (pg/ml)
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biosis itself is known to affect the activity of some antibiotics and, consequently, the results of the tests. 
Possibly the majority of the problems occurring with susceptibility testing of anaerobes are due to 
the necessity for using relatively long incubation periods and high initial concentrations of viable cells 
to obtain satisfactory growth of the anaerobic organisms. For example, in broth dilution tests using 
thioglycollate medium, the number of viable cells inoculated cannot be reduced below 10'/ml without 
considerably lengthening the incubation time or even running the risk of obtaining no growth at all. 
A special test using peptone-yeast extract-agar plates with 101- 109 viable cells per ml had therefore to 
be designed for studying the influence of density of the inoculum upon MICs (Table 2). As marked 
differences between the MICs determined by broth dilution tests and those obtained by agar dilution 
techniques have been described for certain antimicrobials, a comparative study by means of three 
quantitative methods of susceptibility testing was performed with tiamulin. 

   Unlike the activity of certain cephalosporins against 8-lactamase-producing Bacteroidaceae,s' 
with tiamulin, as a rule, the lower MICs were determined by broth dilution tests, the agar dilution 
MICs tending to be 2-4-8 times higher than the former (Table 1). Presumably, the interaction 
between pleuromulin molecules and anaerobic bacterial cells is facilitated in broth. It is shown by 
the experiments reported in Table 2 that in most instances the outcome of the growth inhibition tests 
with tiamulin was not markedly influenced by varying densities of the inoculum. With most anaerobes

Table 2. Influence of density of the inoculum upon MIC values

           Species 

Bacteroides fragilis 

B. thetaiotaomicron 

B. vulgatus 

B. splanchnicus 

B. oralis 

B. asaccharolyticus 

B. inelaninogenicus ss. melaninogenicus 

B. inelaninogenicus 
  (Saccharolytic, butyrate-pos.) 
Fusobacterium fusifornie 
  (=F. nucleatum) 
Sphaerophorus necrophorus 

S. varius 

S. fireundii (=F. mortiferum) 

Clostridium perfringens 

C. fallax 

Propionibacterium acnes 

Peptostreptococcus anaerobius 

Peptococcus asaccharolyticus 

P. prevotii 

P. variabilis

No. of 
strains

  Logio of conc. 
of test organisms/ml

MIC 
(u.g/ml)



760 THE JOURNAL OF ANTIBIOTICS AUG. 1978

tested, the MBCs of tiamulin were more than 100-fold higher than the MICs (Table 1). This clearly 
shows the pleuromulin derivative to be a bacteriostatic agent.5> However, strains of Fusobacterium 

fusiforme (F. nucleatum), Peptostreptococcus anaerobius and Peptococcus asaccharolyticus were killed 
at concentrations of tiamulin that were only 4 - 8 - 16 times the broth dilution MICs (Table 1). 

    Although pharmacological and clinical data concerning the criteria for distinguishing between 
sensitivity and resistance to tiamulin are as yet lacking, the results obtained in the present study show 
only one species, S. varius, to be quite insensitive. The MICs observed with strains of B. thetaiota-
omicron, B. distasonis and S. freundii (F. mortiferum) indicated a similarly reduced sensitivity, but 
members of 16 other anaerobic species, including B. fragilis, were without exception sensitive to 
tiamulin. This in vitro evidence of a broad activity may well deserve further attention during therapeutic 
trials of infected hosts. 
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