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Many infective agents are implicated as causal agents of mastitis. Miscellaneous causes of mastitis in
bovine due to actinomycetes such as nocardiae have been described but neither Rhodococcus nor
Dietzia species have been reported. The aim of this study was to report the isolation and
characterization of rhodococcus-like actinomycetes as causal agents of mastitis in cattle. Milk samples
(n = 100) collected from cattle suffering from mastitis in Sudan were subjected to microscopic
examination using modified Ziehl Neelsen stains and cultured on Trpytic Soya agar medium. Out of the
100 milk samples collected from cattle suffering from mastitis in Sudan, five (5%) revealed
rhodococcus-like growth which showed gram-positive coccobacilli. Two of the five samples showed
partially acid-fast coccobacilli when milk samples were directly stained with modified Ziehl Neelsen
method. The isolates were tentatively identified as members of the genus Rhodococcus on the basis of
morphological, biochemical and mycolic acids pattern. Comparative analysis of the 16S rDNA gene
sequence confirmed that the strains fall within the phylogenetic branch which accommodates members
of the genus Dietzia, but well separated from the validly described Dietzia spp. The isolation of 5%

Dietzia sp. could represent a new significant cause of clinical mastitis in cattle.
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INTRODUCTION

Mastitis is an inflammation of the udder tissue caused by
microorganisms notably bacteria and can be clinical with
visible signs or subclinical with no visible signs. The main
pathogens associated with mastitis are Staphylococcus
aureus, Streptococcus agalactiae and E. coli (Radostits
et al., 2007). Bovine mastitis is the most costly disease
affecting dairy cattle throughout the world in terms of
economic loss due to its major effect on milk production
(Petrovski et al.,, 2006). The prevalence of mastitis
among dairy cattle in Sudan as in many other African

countries is increasing during the past 50 years. This
could be attributed to the increasing in the intesive
herding and importation of the high breeds namely the
Friesian breed and the selection high yielding local
breeds (El Zubeir and EL Owni, 2006). A number of other
aetiological agents of mastitis in dairy cattle have been
reported in the literature including nocardiae (Pier et al.,
1961; Manninen et al., 1993; Beaman et al., 1995;
Goodfellow and Maldonado, 2007; Hamid et al., 2007),
but neither Rhodococcus nor Dietzia species have been
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described. However, Corynebacterium pyogenes, a close
bacteria to Dietzia species, is a well known cause of
mastitis in cattle (Radostits et al., 2007). Some species of
Rhodococcus and Dietzia have been found to cause
variety of pyogranulomatous infections in a human and
animals (Koerner et al., 2009; Von Bargen and Haas,
2009).

The objective of this study was to report the isolation
and characterization of rhodococcus-like actinomycetes
as causal agents of mastitis in cattle.

MATERIALS AND METHODS
Animals and area of investigation

Specimens considered in this study were encountered during a
survey for mastitis caused by Nocardia spp. from 100 dairy cattle in
Khartoum State, Sudan, suffering from mastitis. Thorough clinical
examination with special attention to udders was conducted.

Milk samples

Milk samples (duplicate taken two days apart) were collected in
sterile 50 ml containers and transported within 2 h to the laboratory
for bacteriological investigations. Samples were processed for
bacteriological analysis according to standard methods (Quinn et
al., 1999). California mastitis test was used for the detection of
mastitis. The 100 positive cases recognized during the survey were
considered for microscopy and culture of actinomycetes.

Smear and culture methods

Smear from each suspected milk sample was stained with modified
Ziehl Neelsen method (Quinn et al., 1999). The slide was flooded
with dilute carbol fuchsin for 15 min, then washed thoroughly under
running water, decolorized with 5% acetic acid for 15 s, and
counter-stained with methylene blue for 1 min. Tryptic Soya Agar
(TSA; Oxoid) was used for the isolation of the causative agent and
for subsequent sub-culturing. About 0.1 ml milk sample was
inoculated onto TSA plates, incubated aerobically for up to 7 days.
Growth of actinomycetes was suspected on morphological basis
and confirmed using selected biochemical tests, mycolic acids and
16S rDNA gene sequence analysis (Goodfellow, 1998). Detailed
phenotypic characterization methods are described by Isik et al.
(1999). The phenotypic tests undertaken included colony
morphology and microscopic properties; catalase, hydrolysos of
arbutin, esculin, urea and nitrate reduction. APl (RAPID) Coryne
test was done as descrined by the manufacturer (API-Coryne,
BioMerieux, France).

Mycolic acid analysis

Rhodococcus-like strains and other actinomycete-like strains were
examined for the presence of mycolic acids by using thin-layer
chromatography (TLC). Extraction of mycolic acids and TLC
analysis of extracted mycolates were performed as previously
described (Hamid et al., 1993). The presence of single-spot co-
chromatographs with reference Rhodococcus rhodochrous strain

(N54; ATCC 13808) confirmed the presence of mycolates of Dietzia
species (Nishiuchi et al., 2000).

16S rDNA sequencing and phylogenetic analysis

Isolation of chromosomal DNA and PCR amplification of the 16S
rDNA gene were carried out following the methods described by
Kim et al. (1998). Obtained 16S rDNA nucleotide sequences data
were tested on the BLAST electronic system
(http://blast.ncbi.nim.nih.gov/Blast.cgi) to establish a quick
phylogenetic position. Following an assignment of the isolate with
Nocardia spp. in the BLAST system, the sequences were aligned
by computer and corrected manually using PHYDIT for Windows
(Version 3.1., J. Chun) and in comparison to all known sequences
of Nocardia spp. obtained from GenBank database
(http://www.ncbi.nim.nih.gov/nucleotides). Distance estimation and
tree topology was done using the neighbor-joining algorithm with
the aid of TREECON for windows software (Version 3.1b, University
of Antwerp, Belgium). To test the significance of the resulting tree
topology, bootstrap analysis in 100 re-sampling using the
TREECON program was performed.

RESULTS AND DISCUSSION

Of the 100 milk samples, five (5%) revealed
rhodococcus-like red to salmon and cream yellow color
colonies. The isolates (then labeled: SD1715, SD1716,
SD1732, SD1743, SD1744) were gram positive cocco-
bacilli, two of the five samples showed partially acid-fast
coccobacilli when milk samples were directly stained with
modified Ziehl Neelsen method (Figure 1). The isolates
were tentatively identified as members of the genus
Rhodococcus based on morphological, bioche-mical
tests. In the present study, TLC analysis of whole cell
acid methanolysates, the test strains showed major
single spots mycolates which were indistinguishable on
the Rf values from references R. rhodochrous (Figure 2).
Therefore, the strains were considered rhodococci.
Sequencing of the 16S rDNA gene of two strains
indicated that the strain fall within the phylogentic branch
that accommodates members of the genus Dietzia
(Figure 3), but was well separated from the validly
described Dietzia maris and from D. psychralcaliphila.
Rhodococcus equi and Dietzia spp. are closely related
actinomycetes that show similar phenotypic properties. In
humans, R. equi is an opportunistic pathogen associated
with severe immunodeficiency (Pilares et al., 2010). API
(RAPID) Coryne system 2.0 was found useful for
identifying the diverse group of coryneform bacteria
encountered in the routine clinical laboratory (Funke et
al., 1997).

Dietzia bacteria appear to be widely distributed in the
environment, and reports of isolates from clinical material
are increasing (Koerner et al., 2009; Von Bargen and
Haas, 2009). The pathogenic role for Dietzia species, an
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Figure 1. Modified Ziehl Neelsen stained smear from a cow milk isolates (SD1744) suffering from mastitis.
Notice the presence of acid-fast short rods and coccobacilli (arrows).
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Figure 2. Thin layer chromatography of whole cell acid methanolysates of bovine mastitis isolates (SD1715,
SD1716). The test strains showed major single spots mycolates that are indistinguishable on the Rf values from
references R. rhodochrous. Developing solvent: petroleum ether: diethyl ether (95:5 v/v) run twice, dried, stained
with 5% ethanolic molybdophosphoric acid and heated at 100°C for 15 min.

environmental microorganism, was supported by its isolation in pure culture from milk specimens. Isolation of
presence, in the present study, on direct smears and its five Dietzia strains in the present research denotes a new
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Figure 3. Phylogenetic tree based on sequences derived from 16S rDNA gene showing the
relationship of two milk isolates (SD1716, SD1732) to related mycolic acids containing
actinomycetes. The isolates fall within the phylogenetic branch which accommodates
members of the genus Dietzia but are distinct from D. maris and from other Dietzia spp.

causal agent of bovine mastitis. Such results need further
investigation to determine the true prevalence and risk
factor leading to this type of infection. Dietzia spp. have
emerged as an opportunistic pathogens which can cause
localized as well as systemic infection in human and
animals (Koerner et al., 2009; Von Bargen and Haas,
2009; Bemer-Melchior et al., 1998; Pidoux et al., 2001,
Yassin et al., 2006; Jones et al., 2008; Pilares et al.,
2010). None of the isolates examined in the preset study
were found to belong to the validly described species so

far. Their phenotypic and genotypic distinctiveness might
merits independent species. Studies are underway to
elucidate and complete the description of the isolates.
The genus Dietzia has only been established fairly
recently. The Gram morphology and colony appearance
of the species of this genus is remarkably similar to R.
equi. In the absence of simple, accurate methods for their
identification, Dietzia spp. might have been misidentified
as a Rhodococcus spp. and/or considered contaminants
only (Koerner et al., 2009). The association of coryneform



bacteria with many infections in the past might include
cases due to Dietzia species since characterization
depended on few morphological and biochemical tests.
Currently, reliance on these characteristic alone could not
be conclusive. The shortage of the morphological and
biochemical tests in the identification of actinomycetes
has been previously debated (Goodfellow, 1998;
Goodfellow et al., 1998; Goodfellow and Maldonado,
2007; Beaman et al., 1995).

Conclusions

The recovery of five isolates belonging to the genus
Dietzia in the present study represents a new significant
cause of clinical mastitis in cattle. Efforts are needed to
validate the detection methods and to conclude on their
true prevalence in comparison to other pathogens
associated with bovine mastitis.
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