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This study evaluated the ability of the RapID-ANA system (Innovative Diagnostic Systems, Inc., Atlanta,
Ga.) to accurately identify a spectrum of freshly isolated veterinary anaerobes. A total of 183 isolates were
tested and included 7 Actinomyces spp., 53 Bacteroides spp., 32 Clostridium spp., 2 Eubacterium spp., 65
Fusobacterium spp., 1 Peptococcus spp., 22 Peptostreptococcus spp., and 1 Propionibacterium spp. All isolates
were initially identified by conventional biochemical testing and gas-liquid chromatography of short-chain fatty
acid metabolites. Additional tests were performed as required by the RapID-ANA system. Of these isolates,
81.4% were correctly identified to the genus level, including 59.6% to the species level, 14.2% were incorrectly
identified at the genus level, and 4.4% were not identified. Initially, 20.2% of the strains were not identified
because the microcodes were not in the code book. The majority of the incorrect identifications were caused by
the misidentification of Fusobacterium spp. as Bacteroides spp. Errors also occurred when veterinary anaerobes
not included in the data base were assigned an identification from the existing data base. The RapID-ANA
system appears to be a promising new method for rapid identification of veterinary anaerobes; however,
further evaluation with an extended data base is needed before the system can accurately identify all clinically
significant anaerobes.

The isolation and identification of anaerobes from clinical
samples is an important function of the clinical microbiology
laboratory, since antimicrobial therapy for these infections
can differ from therapy used to treat infections caused by
aerobic or facultative anaerobic bacteria (3, 8, 12). Conven-
tional test procedures, including biochemical tests and gas-
liquid chromatography analysis of metabolic products, have
been developed by the Centers for Disease Control, Virginia
Polytechnic Institute, and Wadsworth anaerobe laboratories
(1, 13). However, these systems have the disadvantages of
being time-consuming, expensive, and beyond the capabili-
ties of many clinical laboratories.
During the past decade, several commercially prepared

microsystems, designed specifically for the identification of
anaerobes, have been introduced (1, 13). Generally, these
systems offer a number of benefits, including standardized
selection of biochemical tests, improved identification accu-
racy compared with the limited conventional system used in
many laboratories, and decreased time and cost for identifi-
cation.
The accuracy and reproducibility of the RapID-ANA

system (Innovative Diagnostic Systems, Inc., Atlanta, Ga.)
for the identification of anaerobes of human origin has been
evaluated (2, 11). However, the usefulness of the RapID-
ANA method for the identification of clinically significant
anaerobes of veterinary origin has not been established. The
purpose of this study was to evaluate the accuracy of the
RadID-ANA system for the identification of a spectrum of
freshly isolated veterinary anaerobes.

MATERIALS AND METHODS

Test organisms. A total of 183 recent veterinary clinical
isolates were tested in the RapID-ANA system. The strains
represented members of the genera Actinomyces, Bacte-
roides, Clostridium, Eubacterium, Fusobacterium,
Peptococcus, Peptostreptococcus, and Propionibacterium.

* Corresponding author.

The clinical isolates were obtained from samples submitted to
the Diagnostic Laboratory, Colorado State University.
During the study, no attempt was made to select specific
bacterial species. Only isolates considered to be clinically
significant were included. The following strains were used as
quality control organisms: Bacteroidesfragilis ATCC 25285,
Bacteroides thetaiotaomicron ATCC 27941, Clostridium
histolyticum ATCC 19401, and Clostridium sporogenes
ATCC 19404.
The organisms were isolated on Centers for Disease

Control anaerobe blood agar (6) supplemented with 5%
sheep or horse blood, in a flexible anaerobic glove box (Coy
Laboratory Products, Ann Arbor, Mich.) with an atmo-
sphere of 85% Nr210% H2-5% C02. Characteristics such as
Gram stain reaction, cellular and colonial morphology, and
aerotolerance were examined before additional biochemical
testing. Metabolic products from all strains were analyzed
by gas-liquid chromatography of Lombard-Dowell or

peptone-yeast broth containing glucose, lactate, or threonine
(9, 10). Biochemical testing was performed by using the
following three quadrant plates of differential media: (i)
anaerobic Presumpto plate (Pasco Laboratories, Wheat-
ridge, Colo.), (ii) anaerobic gram-positive ID Quad plate
(Remel, Lenexa, Kans.), and (iii) anaerobic CDC Quad #3
plate (Remel, Lenexa, Kans.). Characteristics that were
determined by using these plates included glucose, lactose,
rhamnose, and mannitol fermentation, esculin, starch,
casein, and gelatin hydrolysis, catalase, lipase, lecithinase,
and deoxyribonuclease activity, indole and H2S production,
and growth in the presence of 20% bile. These characteris-
tics were used to establish the correct identification of
strains (10, 13).
RapID-ANA system. The RapID-ANA system is a qualita-

tive micromethod for anaerobe identification that has previ-
ously been described in detail (2, 11). Inoculation, 4 h of
incubation in a 35°C air incubator, and interpretation of the
RapID-ANA tests were performed according to the instruc-
tions of the manufacturer. A single subculture on an
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TABLE 1. RapID-ANA system identification test results for veterinary anaerobes

No. correct to: No. incorrect No. not
Organism No. tested

Genus Species to genus identified

Actinomyces spp. 7 7 (4)a 0 0 0

Bacteroides asaccharolyticus 10 10 10 0 0
B. fragilis 6 6 6 0 0
B. gingivalis 2 2 2 0 0
B. intermedius 1 1 1 0 0
B. melaninogenicus 4 4 (3) 2 (1) 0 0
B. oralis 6 6 4 0 0
B. uniforms 4 4 3 O O
Bacteroides sp. 20 9 (4) 0 4 (4) 7 (7)

Clostridium bifermentens 2 2 2 0 0
C. sporogenes 2 2 1 0 0
C. novyi 2 0 0 2 0
C. perfringens 15 14 (1) 13 0 1 (1)
C. septicum 1 1 0 0 0
C. sordellii 6 6 (3) 5 (3) 0 0
Clostridium sp. 4 3 (2) 0 1 (1) 0

Eubacterium spp. 2 2 0 0 0

Fusobacterium necrophorum 38 24 (1) 16 (1) 14 (3) 0
F. nucleatum 21 21 21 0 0
F. russii 6 1(1) 0 5 (2) 0

Peptococcus indolicus 1 1 1 0 0

Peptostreptococcus anaerobius 21 21 20 0 0
P. micros 1 1 1 0 0

Propionibacterium spp. 1 1 1 0 0

Total no. 183 149 (19) 109 (5) 26 (10) 8 (8)
Total % 81.4 59.6 14.2 4.4

a Numbers in parentheses represent strains for which an identification was not listed in the code book. Microcodes were telephoned in to the manufacturer for
interpretation.

anaerobic blood agar plate from the primary isolation plate
was required to obtain sufficient organisms.

Identification was made by assigning each test result a
numerical value from which a numerical code (microcode)
was generated, and the RapID-ANA Code Compendium
(1983 ed.) was consulted for identification. Microcodes not
found in the code book were telephoned in to the manufac-
turer for interpretation. When identifications with low con-
fidence values (<95%) occurred, additional test results or
characteristics were evaluated.

Interpretation of results. RapID-ANA test results were
classified as (i) correct to the genus level, (ii) correct to the
species level, (iii) incorrect genus, and (iv) not identified.
Identifications tabulated as correct to the genus level in-
cluded all identifications correct to the species level as well
as isolates not identified beyond the genus level or when an
incorrect species assignment was made within the correct
genus.

RESULTS
Identification results of all organisms are presented in

Table 1. The RapID-ANA system correctly identified 149
(81.4%) of 183 isolates to the genus level, including 109
(59.6%) to the species level. Identification was incorrectly
assigned at the genus level for 26 (14.2%) of the isolates. The
identification microcode obtained for 37 (20.2%) strains was

not listed in the code book. After the manufacturer was
telephoned for interpretation of the unlisted microcodes, the
RapID-ANA system was unable to assign an identification to
eight (4.4%) strains.
The RapID-ANA system correctly identified 28 (52.8%)

strains of Bacteroides at the species level and an additional
14 at the genus level. Four strains of Bacteroides sp. were
incorrectly identified at the genus level as Clostridium
clostridiiforme (3) or Fusobacterium mortiferum.
The RapID-ANA system correctly identified 21 (65.6%) of

the 32 Clostridium strains to the species level and an
additional 7 (21.9%) strains to the genus level. Two strains of
Clostridium novyi were incorrectly identified as Lactobacil-
lus minutes, and Clostridium sp. was incorrectly identified as
Eubacterium sp. One strain of Clostridium septicum re-
quired urease as a supplemental test for differentiation from
Clostridium bifermentans.
The RapID-ANA system was able to identify 15 (42.1%)

strains of Fusobacterium necrophorum correctly to the
species level and an additional 8 strains to the genus level. In
addition, the system incorrectly identified 14 (36.8%) strains
as Bacteroides asaccharolyticus (13) or Bacteroides bivius.
Additional testing was required for 10 F. necrophorum
strains. The supplemental tests included lipase to differen-
tiate eight strains from F. nucleatum and pigment production
to differentiate two strains from B. asaccharolyticus. Of
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those strains identified correctly to the species level, six
were identified with an inadequate confidence level. How-
ever, "contraindicated test results" (atypical characteristics
for the taxon listed as the identification) were not listed for
these strains. Additional tests were recommended and per-
formed. All 21 Fusobacterium nucleatum strains were cor-
rectly identified. Six Fusobacterium russii strains were
tested. One strain was correctly identified at the genus level,
while five strains were incorrectly identified as Bacteroides
capillosus (2), Bacteroides ureolyticus, C. clostridiiforme, or
Bacteroides sp. (2).

Strains representing the genera Actinomyces, Eubac-
terium, Peptococcus, Peptostreptococcus, and Propionibac-
terium were also tested. The Actinomyces spp. included only
catalase-positive strains and were correctly identified at the
genus level as such. Correct genus level identifications were
obtained for all strains of non-spore-forming gram-positive
anaerobes tested.

DISCUSSION
The introduction of commercially prepared microsystems,

designed specifically for the identification of anaerobes, has
decreased the time and cost required for the identification of
anaerobes from clinical specimens. The RapID-ANA system
offers the advantages of aerobic incubation and 4-h identifi-
cations based on enzymatic degradation of chromogenic
substrates by preformed bacterial enzymes. The instructions
for the RapID-ANA system indicate that it is intended for
the identification of anaerobes of human origin and that its
accuracy for identification of anaerobes of veterinary origin
has not been established. In the present study, the identifi-
cation of 183 anaerobes that represented the typical spec-
trum of clinically significant veterinary anaerobes (3, 4, 7, 8,
14) was tested in the RapID-ANA system. The overall
accuracy of the identification system for veterinary
anaerobes was found to be similar to the accuracy for
identification of human anaerobes as reported in one study
(11). The correct identification rate for veterinary isolates
was 81.4 and 59.6% to the genus and species levels, respec-
tively. Karachewski and co-workers (11) reported the cor-
rect identification rates for human isolates as 90 and 62% to
genus and species levels, respectively. However, Ap-
pelbaum and co-workers (2) reported correct identification
to the species level with additional tests to be 81.1 and 92.1%
in two separate laboratories. The wide range of correct
identification rates in these studies is not apparent but may
depend upon the selection of strains to be tested or the
interpretation of results by laboratory personnel. Additional
studies of reproducibility and accuracy are needed to define
this unsettled point.

In our study, 26 strains were misidentified at the genus
level. Four Bacteroides strains were misidentified, and 18
strains were incorrectly identified as Bacteroides strains.
Clinically significant antimicrobial resistance within veteri-
nary anaerobes is limited to Bacteroides strains (8). There-
fore, correct identification of these strains is more important
than it may be for most anaerobes. Most of the incorrect
identifications (19 of 26) occurred with Fusobacterium
strains. Although the number of human origin Fusobacter-
ium strains tested in the previous reports was quite small,
misidentification at the genus level was not reported (2, 11).
The high rate of incorrect identifications for F. necrophorum
in this study may have been due to the occurrence of
biotypes in animals that are not present in humans.
The reasons for misidentifications in this study were not

determined for each strain. All tests in this study were set up

and interpreted by one investigator (W.S.A.) to minimize
variability due to personnel. Appelbaum and co-workers (2)
reported test discrepancies when 21 strains were tested
separately by two laboratories and a lack of reproducibility
in triplicate tests at the same laboratory. They attributed
these errors to either product deficiencies or problems in
interpretation of test reactions. In the previously reported
studies (2, 11), they did not indicate whether the discrepan-
cies occurred with recent isolates or laboratory stock cul-
tures. Organisms sequentially transferred and maintained for
long periods in the laboratory may demonstrate aberrant
reactions and reduce test selectivity. In this study, only
recent clinical isolates were tested. A single subculture from
the primary isolation plate was always required to obtain
sufficient organisms for testing. Reproducibility of the iden-
tification system was not evaluated.

Previously published evaluations of the RapID-ANA sys-
tem have reported that some of the color reactions were
difficult to interpret, thereby giving equivocal results (2, 11).
We also found that the clarity of the reactions varied with
tests and the reactivity of a specific organism. Interpretation
of the tests which detected hydrolysis of a colorless aryl-
substituted glycoside or phosphate ester was easy. The
release of the yellow-colored o- or p-nitrophenol resulted in
a sufficiently strong yellow color change (positive) that could
be distinguished from clear to very pale yellow (negative).
Hydrolysis of the amide substrates was considerably more
difficult to read. The positive reaction varied from purple to
dark red to very dark pink, while the negative reactions
varied from yellow to pale orange to pale pink. Dark pink
(positive) and pale pink (negative) reactions were difficult to
distinguish. Clostridium and Peptostreptococcus strains
were generally more reactive and produced a rapid, almost
immediate color change to purple or dark red when positive
reactions were observed. Some of the more fastidious orga-
nisms such as Fusobacterium and Bacteroides spp. rarely
produced strong positive reactions.
The RapID-ANA system uses a numerical approach for

the identification of anaerobes. One of the limitations of this
probability method is the fact that it cannot recognize a
strain outside of its existing data base. Therefore, an un-
known strain may be incorrectly assigned to the identifica-
tion taxon that its microcode most closely resembles rather
than being recognized as an unidentifiable strain. In this
study, the misidentification of several veterinary anaerobes
may have been due to deficiencies in the data base. The
RapID-ANA system was unable to assign an identification
for eight strains. C. novyi is not included in the RapID-ANA
data base; as a result, two strains tested in this study were
incorrectly identified as Lactobacillus minutes. Six strains of
F. russii, another organism not in the data base, were tested,
and five were incorrectly identified at the genus level (Table
1). The seven strains of Actinomyces tested were catalase
positive and were correctly identified as such by the RapID-
ANA system. However, they were not classified as correct
identifications at the species level because the data base did
not include Actinomyces hordeovulneris (5) and was unable
to differentiate catalase-positive Actinomyces spp.

In summary, the RapID-ANA system appears to be a
promising new method for the rapid identification of
anaerobes, with overall accuracy for veterinary strains
within the range of correct identification rates reported for
human strains. However, further evaluation with an ex-
tended data base which includes strains of veterinary origin
is needed before the system can accurately identify all
clinically significant veterinary anaerobes.
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