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Rhodococcus equi is a zoonotic pathogen associated
with pyogranulomatous pneumonia, mesenteric

lymphadenitis, and development of abscesses in a vari-
ety of mammalian species, including humans.1,2 The
most common disease caused by the gram-positive
intracellular bacterium is chronic suppurative bron-
chopneumonia in foals.1,3 Isolates of R equi in foals with
rhodococcal pneumonia have an 85- to 90-kbp plasmid
containing the gene (vapA) responsible for expression

of the 15- to 17-kd virulence-associated protein anti-
gen (VapA).4-6 Virulent (vapA+) and avirulent (vapA–)
strains of R equi are normal inhabitants of soil7-9 and are
commonly found in the gastrointestinal tract or feces of
healthy horses and other herbivores.1,10,11 A 79- to 
95-kbp plasmid containing the vapB gene, which codes
for a 20-kd protein antigen (VapB) associated with
strains of intermediate virulence, has been detected
only in strains isolated from humans and pigs.12-15

Microbial culture of airway fluid obtained by neans of a
tracheobronchial aspirate procedure is considered the
gold standard in diagnosis of R equi pneumonia in
foals,16-18 despite the associated lag time and variability
in sensitivity for recovering the organism from airway
fluid samples.19,20 Results of microbial culture do not dif-
ferentiate between virulent and avirulent R equi isolates.
A rapid and cost-effective test with high sensitivity and
specificity to simultaneously detect R equi and the vapA
gene would be of diagnostic value. 

Detection of R equi via traditional morphologic
and biochemical tests and commercially available
species identification systems is problematic because
there is morphologic variability among isolates of the
species and the specificity of these tests is limited.1,21-24

These methods are unable to distinguish R equi isolates
that are vapA+ from isolates that are vapA–. The VapA
antigen can be detected by use of a western
immunoblot4 assay or monoclonal antibody–based
colony blot analysis.25 Although the antibody-based
colony blot analysis is less expensive and less techni-
cally demanding than the western immunoblot assay, a
24-hour incubation period is required and the test has
been reported11 to yield false-positive results.
Restriction digestion coupled with Southern blot
hybridization has been used to detect R equi23 and vapA
DNA26; these techniques are time-consuming and tech-
nically complex and therefore not widely used.
Recently, a colony blot hybridization assay was devel-
oped with products of a radiolabelled polymerase
chain reaction (PCR) to detect R equi-specific riboso-
mal RNA (rRNA) and vapA gene sequences27; although
this method has advantages over other methods for
screening large numbers of environmental or clinical
samples, it requires the use of hazardous isotopes and
is associated with a delay of > 24 hours for completion
of tandem hybridization steps.

Numerous PCR-based techniques to identify 
R equi isolates exist, including amplification of species-
specific regions of the 16S rRNA gene,28-30 the choles-
terol oxidase gene (choE),31 and a certain unidentified
genomic region.32 Several PCR-based methods have
been used to differentiate vapA+ from vapA– 26,30 and
vapB+ isolates13of R equi. Although PCR is widely used
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Objective—To evaluate sensitivity and specificity of a
multiplex polymerase chain reaction (PCR) assay for
simultaneous detection of Rhodococcus equi and dif-
ferentiation of strains that contain the virulence-asso-
ciated gene (vapA) from strains that do not.
Sample Population—187 isolates of R equi from
equine and nonequine tissue and environmental
specimens and 27 isolates of bacterial species genet-
ically or morphologically similar to R equi.
Procedure—The multiplex PCR assay included 3
gene targets: a universal 311-bp bacterial 16S riboso-
mal RNA amplicon (positive internal control), a 959-bp
R equi-specific target in the cholesterol oxidase gene
(choE), and a 564-bp amplicon of the vapA gene.
Duplicate multiplex PCR assays for these targets and
confirmatory singleplex PCR assays for vapA and
choE were performed for each R equi isolate. An addi-
tional PCR assay was used to examine isolates for the
vapB gene.
Results—Results of duplicate multiplex and single-
plex PCR assays were correlated in all instances,
revealing high specificity and reliability (reproducibili-
ty) of the vapA multiplex assay. Of the pulmonary iso-
lates from horses with suspected R equi pneumonia,
97.4% (76/78) yielded positive results for vapA. Seven
of 50 (14%) human isolates of R equi yielded positive
results for vapA. Six human R equi isolates and 1
porcine isolate yielded positive results for vapB. No
isolates with vapA and vapB genes were detected. 
Conclusions and Clinical Relevance—The multiplex
PCR assay is a sensitive and specific method for simul-
taneous confirmation of species identity and detection
of the vapA gene. The assay appeared to be a useful
tool for microbiologic and epidemiologic diagnosis and
research. (Am J Vet Res 2005;66:1380–1385)
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in molecular microbiology, false-positive results are
common because of the high sensitivity of the assay.33

False-negative results may also occur and are associat-
ed with enzyme inhibitors, DNA shearing, and 
insufficient quantity of template.34 Consequently,
mandatory implementation of internal amplification
controls has been advocated for all diagnostic PCR
assays to standardize the technique.35 None of the
methods based on PCR include internal controls, a
shortcoming that limits their applicability as diagnos-
tic tools. The purpose of the study reported here was to
develop a highly specific and rapid multiplex PCR
method to simultaneously detect R equi bacteria and
differentiate vapA+ from vapA– isolates. 

Materials and Methods
Sample population—One hundred eighty-seven 

R equi isolates (Table 1) and 27 isolates of bacterial species
genetically or morphologically similar to R equi were eval-
uated. Isolates of R equi (Appendix) were obtained from a
variety of sources to assess specificity of the multiplex PCR
assay. One hundred isolates were obtained via microbial
culture of specimens from horses with clinical disease (ie,
tracheobronchial fluid and lung tissues from foals with
pneumonia [n = 78] and exudate from extrapulmonary
infection sites in horses residing in Argentina [4], Canada
[7], Ireland [7], Israel [3], Japan [12], and the United
States [67]). Fifty isolates of R equi were obtained via
microbial culture of blood samples; extrapulmonary
abscesses; and respiratory tract secretions, aspirates, or
biopsy specimens from humans in Brazil (n = 2), Canada
(1), France (1), Italy (3), Spain (1), and the United States
(42).a Seven isolates were obtained from submissions to
diagnostic laboratoriesb,c of specimens from nonequine
species (ie, bovine [n = 1], canine [3], caprine [1], feline
[1], and porcine [1] specimens). Thirty isolates of R equi
from soil on breeding farms where R equi pneumonia was
or was not endemic were also evaluated (8 from Japan and
22 from the United States). The soil isolates were chosen
nonrandomly from a repository of isolates screened for
vapA7,36 to ensure inclusion of vapA+ soil isolates and con-
firm reproducibility of our results. All other isolates were
randomly chosen from a repository of > 600 R equi isolates
collected between 1997 and 2004, none of which had been
screened for vapA with the exception of a feline isolate
(Table 1). We included the R equi reference strains
American Tissue Culture Collection (ATCC) 33701
(vapA+) and ATCC 33703 (vapA–) as well as vapB+ strains S1
and S3d as positive controls in the PCR screening.

DNA isolation—Bacteria were grown on trypticase soy
agar.e The DNA from approximately half of the isolates was

prepared by use of described37 lysozyme extraction and phe-
nol-chloroform-isoamyl alcohol purification methods after a
48-hour incubation period at 37oC with rotation (10 revolu-
tions/min)f in R equi minimal medium.38 Concentration of
DNA was determined spectrophotometrically, and working
solutions (100 ng/µL) were prepared in 1X TE (10 mM Tris-
HCl and 1mM EDTA; pH, 8.0). For the remaining isolates, a
modified alkaline lysis extraction method39 was used: a single
R equi colony was transferred into 300 µL of TENS solution
(1X TE, 0.1N sodium hydroxide, and 0.5% SDS) with a ster-
ile plastic loop. The solution was vortexed briefly, incubated
at 21oC for 10 minutes, and combined with 150 µL of 3N
sodium acetate solution (pH, 5.2). The solution was vortexed
and centrifuged at 14,000 X g for 2 minutes. In a new tube,
10 µL of polyacryl carrierg and 1 mL of isopropanol at 21oC
were added to the supernatant. The solution was inverted
gently and centrifuged at 14,000 X g for 20 minutes. The
DNA pellet was rinsed with ice-cold ethanol solution. After
drying, the pellet was resuspended in 25 µL of 1X TE for use
in the PCR assay.

Multiplex PCR assay—Three pairs of published primers
were used in a single-tube multiplex PCR assay for simultan-
eous identification of vapA+ strains of R equi, vapA– strains of
R equi, and non-R equi bacterial isolates. Universal bacterial
primers flanking a 311-bp fragment of the bacterial 16S rRNA
gene were used as an internal control (27F 5'-
AGAGTTTGATCMTGGCTCAG-3' and 338R 5'-GCTGCCTC-
CCGTAGGAGT-3').40 A 959-bp fragment of the choE gene,
located on the R equi chromosome, was used to differentiate 
R equi from non-R equi isolates (COXF 5'-GTCAACAACATC-
GACCAGGCG-3' and COXR 5'CGAGCCGTCCACGACG-
TACAG-3').31 A 564-bp product of the vapA gene, located on
the R equi virulence-associated plasmid, was used to differenti-
ate vapA+ from vapA– isolates (VAPAF 5'-GACTCTTCACAA-
GACGGT-3' and VAPAR 5'-TAGGCGTTGTGCCAGCTA-3').26

Multiplex PCR was performed in 25-µL reaction volumes con-
taining template DNA (1 µL); Taq DNA polymerase (1 unit),
1X Mg2+-free buffer, and 3mM MgCl2

h; 1X PCR enhancing
agent with betainei; 0.25mM of each dNTP; 27F and 338R
(0.16µM each); COXF and COXR (1.2µM each); and VAPAF
and VAPAR (0.8µM each). Reactions were carried out on a
thermal cyclerj under the following conditions: initial denatu-
ration at 96oC for 3 minutes; 35 cycles of 96oC for 30 seconds,
59oC for 30 seconds, and 65oC for 1 minute; and final exten-
sion at 65oC for 10 minutes. All isolates were screened in
duplicate in separate reactions to assess the reproducibility of
the assay. Aliquots of DNA from R equi reference strain ATCC
33701 were diluted 10-fold and used to test sensitivity of the
multiplex PCR method such that the final concentrations of
template ranged from 100 to 0.001 ng/reaction. 

Confirmation of results of multiplex PCR assay—
Isolates were additionally tested with choE and vapA primers

Table 1—Sources of Rhodococcus equi isolates evaluated and frequency with which vapA and vapB
genes were detected with a multiplex polymerase chain reaction assay.

Source of isolate No. of isolates vapA+ (No. [%]) vapB + (No. [%]) vapA –, vapB –  (No. [%])

Equine, pulmonarya 78 76 (97.4) 0 (0.0) 2 (2.6)
Equine, otherb 22 16 (72.7) 0 (0.0) 6 (27.3)
Human 50 7 (14.0) 6 (12.0) 37 (74.0)
Nonequine 7 1 (14.3)c 1 (14.3)d 5 (71.4)
Soil 30 9 (30.0)e 0 (0.0) 21 (70.0)
TToottaall 118877 110099  ((5588..33)) 77  ((33..77)) 7711  ((3388..00))

aIsolates from fluid obtained in a tracheobronchial aspirate procedure or from lung tissue obtained at
necropsy from foals with suspected R equi pneumonia. bIsolates from extrapulmonary abscesses in horses or
fecal samples from foals with suspected R equi pneumonia or their dams. cFeline isolate confirmed as vapA+

R equi. dPorcine lymph node isolate confirmed as vapB+ R equi. eIsolates chosen nonrandomly from a reposi-
tory of soil isolates.
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in singleplex PCR assays to evaluate the specificity of the
multiplex PCR assay. All R equi and non-R equi isolates were
screened with the choE gene primer pair in a singleplex assay
with 0.8µM each of COXF and COXR and 1.5mM MgCl2.
Otherwise, the reaction mix was as described, and published
thermal cycling protocols were followed.31 All R equi isolates
were also screened with the vapA gene primer pair in a sin-
gleplex assay following a published7 protocol.

PCR screening for vapB—All R equi isolates were
screened for the vapB gene by use of a modification of pub-
lished13 methods, including co-amplification of a 311-bp frag-
ment of the bacterial 16S rRNA gene as an internal control.40

For each reaction, 27F and 338R primers (0.4µM each) and
VAPBH1 and VAPBH213 primers (0.8µM each) were used; the
remaining reaction mix was as described. Thermal cycling
parameters followed those previously published13 with an
increased number of total cycles from 30 to 35. All multiplex
and singleplex PCR amplicons were separated and visualized
on 1.2% agarose gels stained with ethidium bromide and
electrophoresed for 60 to 90 minutes at 90 V.

Description of suspected non-R equi isolates—Two iso-
lates (00-035 [equine] and H25 [human]) had been identi-
fied as R equi on the basis of characteristic morphologic fea-
tures in culture and a synergistic hemolytic pattern on blood
agar plates in a CAMP-like reaction with Staphylococcus
aureus β-toxin.1 However, results of repeated DNA extrac-
tions, multiple multiplex PCR assays, and singleplex PCR
assay of the choE gene revealed that these isolates were not 
R equi. The isolates were screened by use of published30,32

species-specific PCR protocols for 2 genomic regions.
Additionally, an amplicon of approximately 1,500 bp was
obtained from these 2 isolates as well as R equi reference
strain ATCC 33701 through the use of published 16S rRNA
primers31 (0.8µM each) and an annealing temperature of
54oC; otherwise, assay conditions were as
described. Resultant fragments were purified by
use of a commercial kit.k The 338R primer and a
dye terminator sequencing kitl were used to gen-
erate partial 16S rRNA gene sequences; frag-
ments were separated on a commercially avail-
able detection systemm and manually inspected
(GenBank accession No. AY758350-AY758352).
A database search program41 was used to identify
highly similar sequences within the National
Center for Biotechnology Information nucleotide
database. 

Results
Results of a typical multiplex PCR assay

were recorded (Figure 1). Of 187 R equi iso-
lates screened, 58.3% (109/187) were vapA+

and 3.7% (7/187) were vapB+ (Table 1).
None of the isolates were vapA+ and vapB+.
For each of the R equi isolates, results of
duplicate multiplex assays were identical
and comparable to the singleplex assays for
choE and vapA, a finding that suggested high
specificity and reproducibility of the 3
primer pairs in the multiplex PCR assay.
Two R equi isolates (S1 and S3) that con-
tained the vapB gene, which has 83.6%
sequence similarity42 with the vapA gene,
were screened as a further test of the speci-
ficity of the assay. The S1 and S3 isolates
yielded detectable products only from the
universal 16S rRNA and choE primer pairs. 

Amplification products for all 3 target regions were
reliably detected with as little as 0.1 ng of template
DNA from ATCC 33701 (Figure 1). An inverse rela-
tionship between the size of the target amplicon and
amplification efficiency was observed; when 0.01 ng of
template DNA was used, the largest fragment of 959 bp
was not detected, whereas the smaller fragments were
visible. Similarly, only the smallest amplicon was visi-
ble with 0.001 ng of template DNA. The mean ± SD
quantity of DNA recovered by use of the alkaline lysis
extraction method on a single isolated colony was 20.0
± 12.7 ng/µL, representing a range of template DNA
within that detectable by the multiplex PCR assay. 

The choE primers in the singleplex PCR assay
often amplified products smaller than 959 bp in 
non-R equi bacterial species. In the multiplex PCR
assay, these primers were much less likely to amplify
choE products in non-R equi spp, presumably because
of competition of primers for target sites and imperfect
base pairing of 1 or both primers to their respective tar-
gets. Rhodococcus fascians was the only non-R equi spp
examined in which primers repeatedly amplified a
choE fragment (approx 800 bp) by use of the vapA mul-
tiplex protocol (Figure 1); in all other non-R equi spp,
only the 27F-338R universal bacterial fragment was
amplified. Variation in the concentrations of PCR com-
ponents and thermal cycling conditions did not change
this finding. 

Neither of the 2 suspected non-R equi isolates
yielded a detectable amplicon for the R equi-specific
choE primer pair31 in singleplex or multiplex assays
(only the 16S rRNA internal control fragment was vis-
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Figure 1—Gel electrophoresis results of a multiplex polymerase chain reaction
(PCR) assay for 3 gene targets in rhodococcal bacterial isolates. A—Lane 1 =
100-bp DNA step ladder. Lane 2 = vapA– Rhodococcus equi isolate. Lane 3 =
vapA+ R equi isolate. Lane 4 = S1 vapB+ R equi isolate. Lane 5 = S2 vapB+ R equi
isolate (notice absence of vapA-specific amplicon in lanes 4 and 5). Lane 6 = 
R equi reference strain American Tissue Culture Collection (ATCC) 33703 (does
not contain virulence plasmid). Lane 7 =  R equi reference strain ATCC 33701
(contains virulence plasmid). Lane 8 = Rhodococcus ruber. Lane 9 =
Rhodococcus fascians (ATCC 12974; notice smaller R equi-specific choE ampli-
con, compared with R equi isolates). Lane 10 = No DNA (negative control). B—
Lane 1 = 100-bp DNA stepladder. Lanes 2 to 7 = Serial 10-fold dilutions of ATCC
33701 template DNA as follows: 100, 10, 1, 0.1, 0.01, and 0.001 ng. Lane 8 =
No DNA (negative control). Notice that reliable detection of amplicons was
observed over the range of 100 to 0.1 ng of template DNA. 
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ible). Both isolates failed to yield detectable amplicons
with R equi-specific primers to 2 different genomic
regions.30,32 For each isolate, a partial 16S rRNA gene
sequence was generated and compared with publicly
available sequences and with 16S rRNA sequences for
R equi reference strains ATCC 6939 (accession
X80603) and ATCC 33701 (accession AY758350;
sequenced in the present study). The 16S rRNA
nucleotide sequence from isolate 00-035 had the high-
est Basic Local Alignment Search Tool–N (BLASTN)
scores and sequence similarity (98% to 99%) to species
in genus Acinetobacter but only 83.0% (422 bp) and
80.6% (448 bp) nucleotide identity with R equi strains
ATCC 6939 and ATCC 33701, respectively. Sequences
obtained from non-R equi isolate H25 had the highest
BLASTN scores and sequence similarity (98.3%; 593
bp) to multiple Nocardia veterans sequences. However,
the 16S rRNA sequence in the H25 isolate was also
highly similar to R equi ATCC 6939 and ATCC 33701,
with nucleotide identities of 98.8% (564 bp) and
97.9% (482 bp), respectively. 

Discussion
Polymerase chain reaction assays that target multi-

ple genomic regions simultaneously are powerful tools
for the detection of infectious agents.43 In the present
study, a multiplex PCR assay that targets 3 regions in
the R equi genome permitted rapid, simultaneous
detection of R equi and the virulence-associated vapA
gene and was sensitive enough to detect 0.1 ng of tar-
get DNA. Cholesterol oxidase gene primers31 consis-
tently yielded an amplicon of < 959 bp by use of the
singleplex and multiplex PCR assays in R fascians, a
finding consistent with the close genetic relationship
between R fascians and R equi44,45 and the high degree of
conservation within the choE region.46 Easily identified
differences in the size of the choE fragment amplified in
the multiplex PCR assay and the distinguishing mor-
phologic characteristics44 of the 2 bacterial species limit
the likelihood of misidentifying isolates from these
species. Although considerable chromosomal variabili-
ty exists among isolates of R equi,23,29,36 the assay detect-
ed R equi genetic material in samples obtained from
widely varied sources. Results of analysis of vapB+ and
avirulent R equi strains indicated high specificity of the
technique for amplification of the vapA gene region. 

Extraction of DNA from a single bacterial colony
can be completed within 1 hour by use of the methods
described, yielding a sufficient quantity of template for
approximately 25 reactions. Furthermore, the multi-
plex PCR assay described is cost-effective for routine
diagnostic use by virtue of a small reaction volume
(total, 25 µL) used, a short thermal profile (approx 2
hours), and low concentrations of agarose for ampli-
con separation (1.2%). The entire assay can be com-
pleted, from sampling bacterial colonies grown on agar
plates to scoring PCR amplicons, in < 8 hours. The use
of 16S rRNA universal bacterial primers as an internal
PCR assay control allows direct detection of DNA
extraction efficiency and confirmation of template
presence to prevent erroneous interpretation of false-
negative results.34,35 The efficiency and reproducibility
of this assay, combined with the ability to concurrent-

ly detect R equi and the vapA gene, are advantages over
other PCR-based methods in which separate assays are
required, internal amplification controls are not used,
or inconsistent results are reported.13,26-32,47

Although sequencing part or all of the 16S rRNA
gene is common in genotypic identification of bacteria,
this method has proven inadequate as a stand-alone
diagnostic test in several instances.48,49 The cutoff value
for sequence similarity among bacterial species is arbi-
trary; some isolates of different bacterial species may be
more similar in the 16S rRNA sequence than variants of
the same species.49,50 Therefore, in certain instances,
multiple diagnostic tests are needed to accurately iden-
tify bacterial species.51 In the study reported here, geno-
typing of PCR amplicons from 3 genomic regions in 2
bacterial isolates, 00-035 and H25, was used in addition
to the 16S rRNA gene sequence analysis to confirm that
the isolates were not R equi. Although the sequences in
strain H25 shared a high degree of similarity to
sequences in reference strains of R equi (97.9% to
98.8%), the amount of similarity was less than that
reported between other validly described Rhodococcus
spp (99.3%).45 These results suggested that bacterial
strain H25 was most likely an isolate of N veterans or a
related Nocardia or Rhodococcus spp for which a pub-
lished sequence for 16S rRNA is unavailable. 

With the exception of the 30 soil isolates which
were nonrandomly chosen from a large repository to
include a number of vapA+ isolates, the frequencies of
detection of vapA+ and vapB+ strains of R equi can be
compared with data from previous reports. Seventy-six
of 78 (97.4%) pulmonary isolates collected from foals
with suspected R equi pneumonia yielded positive
results for the vapA gene, a value comparable to the
range of 92% to 98% reported in earlier studies.5,7,8,52 In
our study, the vapB gene was detected only in human
and porcine isolates, a finding consistent with previous
reports.9,12-15,53 None of the R equi isolates evaluated in
our study had vapA and vapB genes, another finding
that has been reported by others.12,13,52 Results of previ-
ous investigations that evaluated R equi infections in
humans indicated that 0% to 21% of strains were
vapA+12,13,53,54 and 18% to 71% of strains were
vapB+,12,13,15,55 whereas we detected the genes in 14.0%
and 12.0%, respectively, of the human R equi isolates
screened. Results of the study reported here suggest
that most R equi isolates from human patients do not
contain the vapA or vapB virulence genes. Of the non-
equine veterinary R equi isolates screened in our study,
only 1 vapA+ isolate was detected (from a wound in a
cat), a finding consistent with that of a previous
report.53 It is possible that other virulence genes on the
R equi chromosome or extrachromosomal plasmid are
responsible for virulence in mammalian species other
than horses and pigs. It is also possible that the ability
of R equi to infect nonequine or nonporcine mammals
is not associated with specific virulence genes but
rather is dependent on host immunity and exposure to
the opportunistic pathogen.

Use of a direct PCR assay on isolates obtained from
tracheobronchial fluid has been proposed47 as an alter-
native to microbial culture of the fluid for the diagno-
sis of R equi pneumonia.16-18 In an earlier study,16 low
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sensitivity of detection of vapA sequences in tracheo-
bronchial fluid, compared with direct culture, was
reported. Microbial culture of R equi from tracheo-
bronchial fluid will likely remain necessary in the diag-
nosis of pneumonia in foals and in guiding treatment
of disease via susceptibility testing. Because detection
of R equi by use of microbial culture and biochemical
testing can be inaccurate and time-consuming,1,21-24 the
multiplex PCR assay may be a useful diagnostic tool.
The multiplex PCR assay appeared to provide an effi-
cient and accurate method for epidemiologic screening
of soil and tissue or fluid samples from nonequine
mammalian and environmental sources for R equi in
which the prevalence of vapA+ strains of the bacterium
is generally low.7-10,14,53,55

a. Provided by Dr. June M. Brown, CDC, Atlanta, Ga; Leslie Hall
and Dr. Glenn D. Roberts, Mayo Clinic, Rochester, Minn;
Tamara Baldwin and Marianne P. Garcia, Texas Department of
Health, Austin, Tex; Barbara A. Brown-Elliott and Dr. Richard
Wallace Jr, Mycobacteria/Nocardia Laboratory, University of
Texas Health Science Center, Tyler, Tex; and Dr. J. Michael
Janda, Microbial Diseases Laboratory, California Department of
Health Services, Richmond, Calif.

b. Texas Veterinary Medical Diagnostic Laboratory, College
Station, Tex. 

c. Texas A&M University Veterinary Medical Teaching Hospital,
College Station, Tex.

d. Provided by Dr. Shinji Takai, Department of Animal Hygiene,
School of Veterinary Medicine and Animal Science, Kitasato
University, Towada, Aomori, Japan.

e. Trypticase soy agar with 5% sheep RBC, BBL Prepared Media,
Becton-Dickinson, Franklin Lakes, NJ.

f. Laboratory rotator, Glas-Col Apparatus Co, Terre Haute, Ind.
g. Polyacryl carrier, Molecular Research Center Inc, Cincinnati, Ohio.
h. Taq DNA polymerase in storage buffer B, Promega, Madison, Wis.
i. MasterAmp PCR enhancer, Epicentre, Madison, Wis.
j. GeneAmp PCR System 9700, Applied Biosystems, Foster City, Calif. 
k. Gel extraction purification kit, QIAGEN Inc, Valencia, Calif. 
l. ABI PRISM big dye terminator cycle sequencing kit, Applied

Biosystems, Foster City, Calif.
m. ABI 3100 genetic analyzer, Applied Biosystems, Foster City, Calif. 
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Appendix
Bacterial species genetically or morphologically similar to
Rhodococcus equi and used in evaluation of specificity of a multiplex
polymerase chain reaction assay in detecting the choE and vapA
genes in R equi isolates. 

Species Source

Actinobacillus equuli Clinicala

Corynebacterium pseudotuberculosis Clinicala

Escherichia coli Clinicala

Gordonia aichiensis ATCC 33611
Gordonia bronchialis ATCC 25592
Gordonia rubripertincta ATCC 14352
Gordonia sputi ATCC 29627
Gordonia terrae ATCC 25594
Klebsiella pneumoniae Clinicala

Mannheimia haemolytica Clinicala

Mycobacterium smegmatis Clinicala

Nocardia asteroides Clinicala

Nocardia brasiliensis Mayo Clinic
Pasteurella multocida Clinicala

Pseudomonas aeruginosa Clinicala

Rhodococcus coprophilus ATCC 29080
Rhodococcus erythropolis ATCC 4277
Rhodococcus fascians ATCC 12974
Rhodococcus opacus ATCC 51882
Rhodococcus percolatus DSM 44240
Rhodococcus rhodnii ATCC 35071
Rhodococcus rhodochrous ATCC 271
Rhodococcus ruber Mayo Clinic
Salmonella serotype Typhimurium Clinicala

Staphylococcus aureus Clinicala

Streptococcus equi Clinicala

Tsukamurella tyrosinosolvens Mayo Clinic
aIsolates obtained through submission to diagnostic laborato-

ries (see footnotes b and c).
ATCC = American Tissue Culture Collection. DSM = Deutsche

Sammlung von Mikroorganismen und Zellkulturen.
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