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The definition of the genus Actinomyces relies heavily on traditional methods of
taxonomy. This study sought to develop molecular tools for the identification
of strains of Actinomyces israelii and Actinomyces gerencseriae. Oligonucleotide
probes were designed and one of these successfully differentiated A. gerencseriae
from ten strains of A. israelii and three other Actinomyces species by DNA:DNA
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In human infections, Actinomyces israe-
lii is the most common species causing
actinomycosis (2, 27, 30). Typical symp-
toms of this chronic granulomatous dis-
ease include multiple abscesses, suppu-
ration and draining sinus tracts (17). A.
israelii has also been repeatedly iden-
tified in cases of failed endodontic ther-
apy, where it causes a persistent extra-
radicular infection in the tissues,
termed periapical actinomycosis (4, 12,
20, 33). The preferred treatment of peri-
apical actinomycosis is surgical curet-
tage, since the disease is resistant to
conventional endodontic treatment and
to routine administration of antibiotics.
Clinical reports and our own labora-
tory studies show that, in the presence
of an established actinomycosis, anti-
biotics are only likely to be effective
when administered for periods of 6
weeks to several months (1, 24, 25).

Many scientific and clinical investi-
gations have been hampered by prob-
lems in the identification of Actinomy-
ces species. The sampling and labora-
tory growth of these organisms is chal-
lenging, so identification of Actinomyces

species and the clinical diagnosis of ac-
tinomycotic infections are often based
on histopathology of biopsy material.
Such slow and complex procedures have
led to clinical management that has
been based on empirical treatment
rather than on the true diagnosis of the
presence of Actinomyces species. There-
fore, efficient methods for the identifi-
cation of A. israelii would be of con-
siderable clinical value because such
tools may lead to earlier and improved
diagnosis of actinomycotic infections.

Conventional numerical taxonomic
analyses have been used to define the
genus Actinomyces (26). A. israelii is
reasonably well separated from other
Actinomyces species based on biochem-
ical data (2, 14, 26, 31), and strains of
A. israelii have been further character-
ized by serology into serotypes I and II
(16, 26). However, these strains have
since been reclassified (15) as two dis-
tinct species – A. israelii (formerly A.
israelii serotype I) and Actinomyces ger-
encseriae (formerly A. israelii serotype
II). Previous studies have reported that
the species A. israelii and A. gerencser-

iae can be differentiated from each
other by serological methods (10, 16,
31), polyacrylamide gel electrophoresis
banding patterns (19), the ability to fer-
ment arabinose (15) and 16S ribosomal
RNA sequence data (32).

Data from 16S rRNA sequences are
being used to provide an improved sys-
tematic structure based on an evol-
utionary relationship between organ-
isms (21, 34, 35). These methods have
been used to distinguish strains of Acti-
nomyces species from other related gen-
era and to separate Actinomyces species
from each other in a phylogenetic tree
(6, 22, 23, 32). Although the develop-
ment of a comprehensive phylogenetic
structure within the genus Actinomyces
is still unfolding, genetic analysis of
rRNA sequences has allowed the recog-
nition of several new Actinomyces spe-
cies (9, 23). The new species along with
others in the genus are listed in Table 1.

In a first report of the 16S rRNA se-
quence of Actinomyces species (32), a
species-specific oligonucleotide probe
was designed for A. israelii. However,
this probe did not allow differentiation
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Table 1. Human and animal Actinomyces species

Actinomyces bovis Actinomyces israelii
Actinomyces denticolens Actinomyces meyeri
Actinomyces europaeus Actinomyces naeslundii
Actinomyces georgiae Actinomyces neuii subsp. anitratus
Actinomyces gerencseriae Actinomyces neuii subsp. neuii
Actinomyces graevenitzii Actinomyces odontolyticus
Actinomyces hordeovulneris Actinomyces radingae
Actinomyces howellii Actinomyces slackii
Actinomyces humiferus Actinomyces turicensis
Actinomyces hyovaginalis Actinomyces viscosus

of A. gerencseriae from A. israelii. In
this report we describe the development
of an oligonucleotide probe that is spe-
cies-specific for A. gerencseriae and out-
line an attempt to clarify the phylogen-
etic position of some Actinomyces spe-
cies using 16S rRNA sequence data.

Material and methods
Bacteria and culture conditions

The Actinomyces species used in this
study are shown in Table 2. The bac-
teria were cultured in brain heart in-
fusion broth (1%, Oxoid, Basingstoke,
UK) containing 0.02% (v/v) Tween 80,
or on plates which were solidified by the
addition of 1.5% (w/v) agar to the
liquid media. Inoculated plates and
broth were incubated at 37æC, anaer-
obically (10% CO2π10% H2 in N2) for
7–14 days.

Table 2. Actinomyces strains used in this study

GenBank
Strain Source number Strain history Species identification

ATCC 121021 1 AF058042 Human brain abscess A. israelii (formerly A. israelii serotype I)
ATCC 10048 1 AF058046 Human pleural fluid A. israelii (formerly A. israelii serotype I)
L110B 2 AF058041 Human dentine A. israelii (formerly unknown serotype)
L104C2 2 AF058044 Human dentine A. israelii (formerly unknown serotype)
L115B1 2 AF058047 Human dentine A. israelii (formerly unknown serotype)
12M 2 AF058043 Human periodontitis A. israelii (formerly unknown serotype)
21Y 2 AF058045 Human periodontitis A. israelii (formerly unknown serotype)
10AA 2 AF058048 Human periodontitis A. israelii (formerly unknown serotype)
AH 3 AF058040 Human periapical lesion A. israelii (formerly unknown serotype)
CCUG 35455 5 AF058049 Human infection A. israelii
ATCC 121041 1 AF058052 Human sinus A. naeslundii serotype I
ATCC 159871 1 AF058051 Hamster periodontal disease A. viscosus serotype I
NCTC 9935 4 AF058053 Human deep caries A. odontolyticus serotype I
(ΩATCC 179291)
CCUG 34703 5 AF058050 Human parotid abscess A. gerencseriae (formerly A. israelii serotype II)
(ΩATCC 238601)
1 Type strain
1. American Type Culture Collection, USA
2. Centre for Oral Health Sciences, Malmö, Sweden
3. Department of Endodontics, Umeå University, Sweden
4. National Collection of Type Cultures, UK
5. Culture collection, University of Göteborg, Sweden

Biochemical tests

All strains were checked using a bio-
chemical test kit (Microbact 24AN Sys-
tem, Pacific Diagnostics) that consists
of 23 substrates and a control. Strains
were incubated at 37æC, for 7 days on
brain heart infusion agar then sus-
pended in broth by vortexing and 4
drops were dispensed into each test well
in a microplate and overlaid with a
drop of sterile mineral oil to prevent
evaporation of test reagents. The
microplate was incubated anaerobically
at 95% humidity for 5 days and strains
were identified according to the pro-
cedures in the Microbact 24AN System,
which is based on the VPI anaerobe
laboratory manual (13). The biochem-
ical test results were analyzed by using a
numerical taxonomy program (NTSYS-
PC). Tests were converted into 0 or 1,

for a negative or positive reaction, re-
spectively. The reference data for each
species in the Microbact 24AN manual
employed ‘‘w’’ (weak) and ‘‘v’’ (vari-
able) values, which were also included
into the character states (wΩ0.75, vΩ
0.5).

DNA isolation

Bacteria were harvested, washed and
suspended in 50 ml of 20 mg/ml lyso-
zyme and 50 ml of 1 unit/ml mutanolys-
in, and incubated at 37æC for 30 min.
Cells were disrupted by adding 5 ml of
20 mg/ml Proteinase K solution and
100 ml of Lysis Buffer (100 mM Tris-
HCl pH 9, 20% sodium dodecyl sul-
fate [SDS], 25 mM EDTA, 300mM
NaCl) at 56æC for 30 min with oc-
casional inversion. Fifty ml of 5 M
NaCl was added to the mixture before
treating with an equivalent volume of
chloroform (250 ml) to remove cell
fragments. After separation of RNA
and cell fragments by centrifugation,
the supernatant was transferred to a
new tube. DNA was precipitated with
isopropanol and 4 ml of 3 M sodium
acetate, pH 4.5 (20 min on ice), and
the precipitate collected by centrifuga-
tion. The pellet of collected DNA was
washed with 70% ethanol, dried in a
Speedivac concentrator before being
dissolved in 20 ml of sterile distilled
H2O. DNA samples were separated by
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Table 3. DNA sequences of each oligonucleotide used in this study

Oligonucleotide DNA Sequence Description

Act300F 5ø TGAGTAACACGTGAGTAACC 3ø Forward primer
Act300R 5ø AGAGGTTCACAACCCGAAGG 3ø Reverse primer
Act-isr 5ø CCAAAAACACCACAAAAGTG 3ø Specific for A. israelii1

Act-ger 5ø CCAAAAACACCAAACAGTGC 3ø Specific for A. gerencseriae
1 Derived from Stackebrandt & Charfreitag (32)

electrophoresis in a 1% agarose gel
stained with ethidium bromide and run
in a TAE buffer (0.04 M Tris-acetate,
0.001 M EDTA). DNA was visualized
and photographed using ultraviolet
light.

Oligonucleotides

Oligonucleotides were synthesized on
an Applied Biosystems 381A Oligonuc-
leotide Synthesizer. The purification of
oligonucleotides was carried out follow-
ing the OPC purification protocol (PE
Applied Biosystems, Melbourne). The
DNA sequences of the oligonucleotides
used in this study are shown in Table 3.

Fig. 1. Phenogram, based upon the simple-matching coefficient with clustering by the un-
weighted pair group method, showing similarity between Actinomyces strains using biochem-
ical test data. The reference data from the Microbact 24AN manual are marked (*).

Oligonucleotide probes were labeled by
using the DIG Oligonucleotide 3ø-end
labeling Kit (Boehringer Mannheim,
Germany) according to the manufac-
turer’s instructions.

DNA dot blots

Five ml of each genomic DNA sample
(2 ng/ml) was dropped onto a positively
charged nylon membrane, air dried and
ultraviolet cross-linked for 5 min on a
TFL-20M hybrid Crosslinker Transil-
luminator (Integrated Sciences, Mel-
bourne). The membrane was then pre-
hybridized in a sealed plastic bag with
hybridization solution (5 ¿ SSC [so-

dium chloride sodium citrate], 1%
(w/v) blocking reagent, 0.1% (w/v) N-
lauroylsarkosine, 0.02% (w/v) SDS) at
65æC for 5 h. After incubation, the
hybridization solution was replaced
with a hybridization solution contain-
ing probes (25 pg/ml) and then incu-
bated at 48æC for oligonucleotide
Act-isr, or 50æC for oligonucleotides
Act300F and Act-ger. The membrane
was removed from the plastic bag
and washed for 5 min (2 times) at the
same hybridization temperature with
2¿SSC, 1% (w/v) SDS, 15 min (2
times) with 1¿SSC, 1% (w/v) SDS, and
15 min (2 times) with 0.1¿SSC, 1%
(w/v) SDS. The detection of DNA
probe by an enzyme-linked immuno-
assay (CDP-StarTM) was based on the
procedure described in the Detection
Kit (Boehringer Mannheim).

Amplification of DNA by PCR

Polymerase chain reactions (PCR) were
performed in an FTS-1 Thermal Se-
quencer. The reaction mixture con-
tained 10–50 ng/ml template DNA, 5.0
mM of each primer, 200 mM dNTPs
(Promega), 0.5 ml Taq DNA polymerase
(Boehringer Mannheim) and 10 ml 5¿
reaction buffer with 2.5 mM MgCl2,
made up to a final volume of 50 ml with
sterile distilled water. These compo-
nents were mixed well and overlaid with
20 ml of paraffin oil. The PCR program
consisted of 1 cycle of 95æC for 2 min,
50æC for 1 min, 72æC for 1 min, fol-
lowed by 40 cycles of 94æC for 1 min,
50æC for 1 min, 72æC for 1 min, and
then a final extension at 72æC for 5 min,
and a final hold at 4æC.

DNA sequencing and analysis

DNA sequencing was performed by the
method outlined in the Prism Ready
Reaction Dye Deoxy Terminator Cycle
Sequencing Kit (Applied Biosystems)
on an Applied Biosystems Model 373A
DNA Sequencing System. Sequencing
results were analyzed using the Sequen-
cherTM program (Gene Codes Corpor-
ation, Ann Arbor, MI). The primer
used to sequence the PCR products was
Primer Act300F. The DNA sequences
were analyzed using a program, Pileup
(www.gcg.com), which creates a mul-
tiple sequence alignment from a group
of sequences using progressive pairwise
alignments and plots a tree showing the
clustering relationships used to create
the alignment.
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Results
Classification of Actinomyces strains
based on biochemical test data

The phenetic resemblance for each
strain was calculated in two ways. The
first was the simple matching index,
which computes various association co-
efficients for qualitative data, in which
negative similarities are included. The
second was by taxonomic distance,
which computes various similarity or
dissimilarity indices for interval meas-
urement. The unweighted pair group
method using arithmetic averages was
employed for clustering. Both methods
resulted in similar phenograms; the
simple matching index is shown in Fig.
1. All A. israelii and A. gerencseriae
strains, including type strains, were
grouped in phenon 1 at similarity levels
of 80% to 100%. It should be noted that
only A. israelii ATCC 10048 appeared
to ferment arabinose in these tests. The
second phenon contained two distinct
sub-clusters, Actinomyces naeslundii
and Actinomyces viscosus, which were
joined together at the 77% similarity
level. The third phenon contained the
strain NCTC 9935, linked to the refer-
ence data for Actinomyces odontolyticus
at the 87% similarity level.

DNA dot blots

Genomic DNA from all Actinomyces
species was hybridized with oligonuc-
leotide probes Act300F, Act-isr and
Act-ger (Fig. 2). The Act300F probe
used in this experiment acted as a posi-
tive control since it contained a se-
quence that was highly conserved in all
Actinomyces species. The Act300F
probe hybridized strongly to genomic
DNA from all Actinomyces species
tested (Fig. 2, top panel). The Act-isr
oligonucleotide probe (Table 3) has
been reported to be specific for A. israe-
lii serotype I strains (32). This Act-isr
probe only hybridized intensely to
DNA from strains AH and ATCC
12102, and weakly to DNA from strain
L110B (Fig. 2, middle panel). The Act-
isr probe therefore failed to hybridize to
the genomic DNA from the majority of
the strains previously identified as A. is-
raelii. A specific probe for A. gerencser-
iae, Act-ger, was designed based on pre-
viously published sequencing data (32).
The Act-ger probe (Table 3) was derived
from a divergent sequence for A. ger-
encseriae, at the position used for the
Act-isr probe for A. israelii (serotype I).

Using the Act-ger probe, a positive hy-
bridization signal was obtained only
from the strain CCUG 34703, the type
strain for A. gerencseriae (Fig. 2, bot-
tom panel).

Analysis of genomic DNA encoding part of
16S rRNA of Actinomyces species

The hybridization data described
above suggested that there might be
greater 16S rRNA sequence diversity
amongst these strains than had pre-
viously been suspected. The oligonuc-
leotide primers Act300F and Act300R
were therefore designed based on the
partial 16S rRNA sequences of Acti-
nomyces species. These oligonuc-
leotides were used to amplify, by PCR,
a portion of the region previously
studied (32). PCR products were separ-
ated by agarose gel electrophoresis,
and the desired fragments were puri-
fied and sequenced using oligonuc-
leotide Act300F as a primer. The se-
quenced region had a consensus length
of 291 nucleotides, including a region
that was not previously sequenced.
The GenBank accession numbers are
listed in Table 2.

The alignment between these se-
quences and those already published in-
dicates that Actinomyces species have a
high degree of sequence identity. It is
also evident that the region described
as highly variable (32) is more complex
than previously suspected. The se-
quences found in A. israelii strains
ATCC 10048, L115B1 and CCUG
35455 were the same as that reported
before (A. israelii strain DSM 43020,
GenBank accession number X53228)
(32), however the other six strains
varied in this region.

DNA sequence identity between each
strain was calculated and used to con-
struct a diagram showing the similarity
between the determined sequences (Fig.
4). Based on the partial 16S rRNA se-
quences, the strains of A. israelii were
divided into three groups (Fig. 4).

Group 1. The sequence of the region
amplified from strains L115B1 and
CCUG 35455 was identical, or almost
identical, to reference strain ATCC
10048. The strain 10AA was located
outside of the cluster, but had a slightly
higher DNA homology (93%) to strain
ATCC 10048. This group of A. israelii
strains has a high similarity (97%) with
Propionibacterium acnes based on the
partial 16S rRNA sequence (5).

Fig. 2. DNA dot blotting using three oligo-
nucleotide probes that were hybridized with
genomic DNA from various Actinomyces
strains. The DNA preparations 1a, b and c
are from A. israelii strains AH, ATCC12102
and L110B; dot blots 2a, b and c are A. israe-
lii strains 12M, L104C2 and 21Y; dot blots
3a, b and c are A. israelii strains ATCC
10048, L115B1 and 10AA; dot blots 4a, b
and c are A. gerencseriae CCUG 34703, A.
naeslundii ATCC 12104 and A. viscosus
ATCC 15987 and dot blot 5a is A. odontolyt-
icus NCTC 9935.
Top panel shows a positive hybridization sig-
nal to all Actinomyces species, using the Act
300F probe. Middle panel shows hybridiza-
tion using the Act-isr probe, which is positive
for A. israelii strains AH and ATCC 12102,
and weakly positive for strain L110B. Bot-
tom panel shows hybridization with the Act-
ger probe, which is positive only for A. ger-
encseriae CCUG 34703.

Group 2. This cluster contained three A.
israelii strains, 21Y, L104C2 and 12M,
which had a close similarity in DNA se-
quence with each other (94–97%), but
had a lower DNA homology with the
two A. israelii reference strains ATCC
12102 and ATCC 10048 (80–85%).
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Fig. 3. Alignments of genomic DNA sequences encoding part of the 16S rRNA. The sequences
labeled serotype I and serotype II are those described by Stackebrandt & Charfreitag (32); the
sequence labeled A. israelii is that from strain DSM 43020 of A. israelii serotype I (GenBank
accession number X53228). The sequences used to design oligonucleotides Act-isr and Act-
ger are underlined in the serotype I and serotype II sequences, respectively. The box delineates
the region of variable sequence, described previously (32).

Fig. 4. Diagram, based on progressive pairwise alignment analysis, showing the relationship
between genomic DNA sequences encoding part of the 16S rRNA in various Actinomyces
strains.

Group 3. This cluster contained strains
ATCC 12102, AH and L110B. Other
than a minor disparity in a few positions,
sequences of strains AH (95%) and
L110B (94%) were very similar to the
type strain, A. israelii (ATCC 12102).

The A. gerencseriae strain CCUG
34703 was grouped with A. naeslundii
(ATCC 12104) and A. viscosus (ATCC

15987). The A. gerencseriae strain
CCUG 34703 showed a lower DNA
homology (82–88%) with the three
groups of A. israelii as compared to A.
naeslundii (92%) and A. viscosus (91%),
which confirms an earlier report (32).
The sequences from other Actinomyces
species (A. naeslundii, A. viscosus and
A. odontolyticus) were identical to pub-
lished 16S rRNA sequences.

Discussion

The identification of Actinomyces spe-
cies has been repeatedly described as a
challenging problem (10, 15, 22, 31), yet
reliable and rapid differentiation tools
would be of considerable value for the
clinical diagnosis and management of
actinomycosis. Apart from traditional
methods of colony morphology, Gram
stain and biochemical tests (2, 3, 30,
31), other tools available for classifi-
cation have included serology (10, 11,
16, 18) and SDS-polyacrylamide gel
electrophoresis (SDS-PAGE) of whole
cell proteins (19). Recently, molecular
techniques have rejuvenated the ap-
proach to the problems of identification
and taxonomy and have been applied to
distinguish Actinomyces species (9, 22,
23). Here, we describe for the first time
the successful development and testing
of an oligonucleotide probe that is spe-
cies-specific for A. gerencseriae. In ad-
dition, 16S rRNA from a number of A.
israelii strains was sequenced and the
results showed that there is considerably
more heterogeneity than was previously
believed.

The identities of all strains used in
this study were initially confirmed using
traditional biochemical tests for classi-
fication of Actinomyces strains. When
the strains were grouped together with
reference strains in a phenogram (Fig.
1), the groups matched the patterns de-
scribed for Actinomyces species in
earlier studies based on numerical tax-
onomy (26, 28). All strains of A. israelii
and A. gerencseriae were grouped to-
gether within a single phenon. The re-
sults from these biochemical tests did
not allow differentiation between A. is-
raelii and A. gerencseriae. Apart from
one A. israelii strain (ATCC 10048), the
other A. israelii strains failed to ferment
arabinose, despite the suggestion that
the majority of strains of A. israelii
(89%) can be differentiated by their
ability to ferment arabinose (15). Other
studies have reported a lower pro-
portion of strains that ferment arabi-
nose (31) and that the fermentation of
arabinose by A. israelii can be influ-
enced by the basal medium (30). These
results, therefore, confirm earlier re-
ports of the difficulty of differentiation
between A. israelii and A. gerencseriae
based solely on biochemical tests.

Using a highly variable region of the
partial 16S rRNA sequence described
previously (32), several oligonucleotide
probes were designed (Table 3). The
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Act-isr probe, which was identical to
the A. israelii–specific oligonucleotide
described by Stackebrandt & Charfreit-
ag (32), failed to hybridize to genomic
DNA samples of many A. israelii
strains. This suggests that this probe
cannot be used with the certainty that
it will successfully detect all A. israelii
strains in a given sample. The Act-ger
probe was demonstrated to specifically
hybridize to the genomic DNA isolated
from the A. gerencseriae strain CCUG
34703 (Fig. 2, bottom panel). The de-
ployment of the Act-ger probe should
allow the detection of A. gerencseriae in
a sample and it can be used to differen-
tiate A. gerencseriae from A. israelii and
other Actinomyces species.

The most comprehensive study to
date of 16S rRNA sequences of A. isra-
elii and A. gerencseriae has been that of
Stackebrandt and Charfreitag (32). The
data presented here suggests that the
taxonomic position of the species A. is-
raelii is more complicated than outlined
in earlier reports. Three groups of se-
quences were found in A. israelii
strains, one of which matched the se-
quence reported earlier (32) (Fig. 4,
group 3), and two additional, distinct
groups of DNA sequences that have not
been described previously. The group 1
sequence (Fig. 4) is closely related to
that from P. acnes and shows only
slightly higher DNA homology to other
A. israelii groups. However, A. israelii
and P. acnes strains can be easily dis-
tinguished by biochemical tests (14, 29).
The second additional sequence (group
2, Fig. 4) is more closely related to A.
naeslundii (89%) than the other A. israe-
lii groups (85% and 80%). Because there
is no additional information regarding
this group, it cannot currently be deter-
mined whether this group is a member
of A. israelii, A. naeslundii or a new Ac-
tinomyces species. It should be noted
that an earlier report, using an indirect
immunofluorescence assay (29), found
that A. israelii (serotype I) had three
sub-groups, in addition to A. gerencser-
iae. Although it has not been tested, it
is possible that the three sub-species de-
scribed in serological data (26, 29)
could correspond to the three A. israelii
groups defined by 16S rRNA data in
this study.

The third group (Fig. 4), which con-
tained the type-strain ATCC 12102, in-
cluded a strain that is known to be
pathogenic. This isolate, strain AH, was
recovered from a failed case of endodon-
tic therapy (33) and has been demon-

strated to be capable of inducing an ex-
perimental actinomycosis in animals (8).
This raises the question as to whether
this group of A. israelii contains bacteria
that might represent a more virulent
strain or species. Although it is not cur-
rently known, this issue could be re-
solved by comparing strains in an in vivo
model similar to that used previously (8).
The pathogenicity of the third strain
(L110B) in this group has not been
tested; however, strain L110B is known
to have a cell surface ultrastructure that
differs from strain AH (7). A recent re-
view of Actinomycete infections revealed
that the highest proportion of isolates
from typical human actinomycotic ab-
scesses were A. israelii species (about
56%) but that almost 25% of isolates
were A. gerencseriae (27), which denotes
the clinical importance of suitable differ-
entiation procedures. Further tests in an
in vivo model would be valuable in clari-
fying the relative pathogenicity of A. ger-
encseriae compared with strains of A. is-
raelii.

In summary, the molecular methods
described here have provided a new
means for the differentiation and
identification of Actinomyces species.
An oligonucleotide probe has been de-
veloped that is species-specific for A.
gerencseriae, and using this probe, it is
possible to readily differentiate A. ger-
encseriae from A. israelii. The results
also suggest that the taxonomic situ-
ation within the species A. israelii is
more complicated than previously sus-
pected. The sequence data generated in
this study should also allow the differ-
entiation by similar means of the three
groups identified within A. israelii.
These oligonucleotides could form the
basis for further specific, rapid tests for
the identification of strains responsible
for actinomycotic infections.
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