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Molecular Diagnostic to Identify Mycobacterial Species
in Veterinary Science
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Abstract

The genus Mycobacterium is of utmost importance in veterinary medicine. Members of the genus cause

serious diseases to livestock and they also could be transmitted to humans. Bovine tuberculosis, principally caused

by M. bovis, is a widespread disease and causes serious economic losses to farmers worldwide. Paratuberculosis

or Johne’s disease caused by the M. avium complex, is a slow-developing disease present in several species,

particularly cattle, and it has been associated with Chrone’s disease of humans. It causes diarrhoea, and weight

loss that could be fatal. The common diagnostic methods used rely upon culturing and microbiological

identification of the Mycobacterium involved. However, the pathologically important species of Mycobacterium

grow very slowly and could take up to eight to ten weeks to successfully grow on plates. Tuberculin and other

immunological response tests are also widespread. However, these techniques also take long time to develop and

often they are not conclusive. Recently molecular techniques based on the detection of Mycobacterium nucleic

acids and proteins have proven a reliable and more important fast method for the diagnosis of Mycobacterium.

Some tests can diagnose the presence of the pathogens in a couple of days. We reviewed the molecular methods

available from the scientific literature that have reported to be useful in veterinary science.
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Introduction
The genus Mycobacterium causes several diseases

of veterinary importance. It has been the subject of much

scientific research. For instance, the National Center for

Biotechnology Information (NCBI) website (http://

www.ncbi.nlm.nih.gov) holds, at the time of submitting

this paper, the number of deposited sequences for

Mycobacterium tuberculosis is 8831, whereas for

M. bovis is 845 and for M. avium is 3075 sequences.

The tuberculosis complex (MTBC), formed by

Mycobacterium tuberculosis and M. bovis, is an

infectious disease that is distributed worldwide.

Although it was once controlled, especially in the

developing world, in recent years an increase on the

incidence of cases has been reported (DEFRA, 2006a).

Bovine tuberculosis causes serious economic losses to

farmers worldwide; the World Health Organization has

estimated the economic losses to be around $3 billion

worldwide. Bovine tuberculosis is particularly important

since it could present a high risk of transmission to

humans. The principal way of infection to humans is via

the consumption of non-pasteurised milk or dairy

products from infected cows. In many countries bovine

tuberculosis is a major infectious disease among cattle,

other domesticated animals, and among certain wildlife

populations. In recent years an increase on cases of

tuberculosis has been reported and is found to be

widespread in cattle (DEFRA, 2006a).

Mycobacterium avium subspecies paratuber-

culosis (MAP) causes paratuberculosis or Johne’s

disease, an intestinal granulomatous infection most

often found among domestic and wild ruminants and has a

global distribution. Although it is present worldwide, it is

particularly more important in temperate regions of the

developed world. Methods of control have proven diffi-

cult because of the long time spent between infection and

the presentation of clinical signs (DEFRA, 2006b). Like

most mycobacteria MAP is difficult to treat, it has

developed resistance to antibiotics and, normally treatments

to cure paratuberculosis last for extended periods of time.

Paratuberculosis is also responsible of causing serious

economic losses to the agricultural industry, in the US

economic losses to the cattle industry are around $1.5

billion annually (Harris and Barletta, 2001). Vaccines for

both diseases are currently under research, using several

antigens as vaccine candidates.

Traditionally, mycobacteria are identified by

phenotypic traits, such as morphological features, growth

rates, preferred growth temperature, pigmentation and

biochemical profiles (Yam et al., 2006). These tests are

laborious, time consuming and the diagnosis takes time.

During the last decades, novel techniques have been

implemented in order to decrease the time from weeks to

days to reach the conclusive diagnosis. Here we review

the molecular techniques available on the scientific

literature that have proven useful for the identification of

mycobaterial pathogens.

Molecular diagnosis within the Mycobacterium genus.

Restriction Fragment Length Polymorphism

Gurtler et al. (2006) developed a technique that

relies on the partial amplification of the Intergenic

Spacer Region (ISR) of the 16S-23S rDNA gene and the

consequent digestion of the amplicons by Restriction

Fragment Length Polymorphism (RFLP) to diagnose

clinically important Mycobacterium. An amplicon of

around 220 bp, which was typically found on slow

growing mycobacteria, was first amplified and later

digested with the restriction enzymes Sau96I and

HaeIII in order to distinguish among the following

mycobacteria: M. bovis, M. tuberculosis, M. avium,

M. intracellulare, M. gordonae, and the Mycobacterium

avium complex.

Hypervariable regions of the 16S rRNA gene.

The use of rRNA hypervariable regions has been

used for the identification of species-specific bacteria.

Nine hypervariable regions (V1-V9) have been found

in the bacterial 16S rRNA gene. The sequence analysis

of the hypervariable region 2 (V2) has proven useful
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oxyR gene has been found to be specific for M. bovis in

all MTBC isolates examined to date (Espinosa de los

Monteros et al., 1998).

Genetic fingerprinting allows the distinction

between different strains of M. bovis. The most widely

used method is spoligotyping (from “spacer oligotyping”),

which detects the differentiation of strains inside each

species belonging to the MTBC, including M. bovis, and

can also distinguish M. bovis from M. tuberculosis

(Heifets and Jenkins, 1998).

Other techniques that have been used to differenti-

ate more accurately the strains that have the same

spoligotype include restriction fragment length

polymorphism (RFLP) using IS6110, the direct repeat

(DR) region and DNA probes (Skuce et al., 1996), RFLP

using a combination of the DR and probes (O’Brian et al,.

2000) and characterisation of the variable number of

tandem DNA repeat (VNTR) profile (Frothingham

and Meeker-O’Connell, 1998).

Cobos-Marin et al. (2003) utilised a multiplex

PCR to identify M. bovis in clinical isolates from other

members of the M. tuberculosis complex. The method

relies on a single PCR followed by a multiplex

PCR. The single PCR reaction was used to make a genus

identification of the Mycobacterium spp. A set of primers

(RAC1/RAC8) coding for the mur A gene, the promoter

region of the rRNA operon, and the 5’end of the 16S

rRNA gene were used for the genus identification. This

set was then multiplexed using another set of primers

(Y277-32F/Y277-32R) that also amplified another gene

fragment of the promoter region of the rRNA operon

and the 5’end of 16S rRNA gene. The products, when

electrophoresed and visualised on an agarose gel,

generated a single band for M. bovis and two bands if

they belonged to another member of the Mycobacterium

spp. (Cobos-Marin et al., 2003).

Molecular methods for the diagnosis of M. avium.

DNA probes: DNA probes have been developed

to detect MAP in diagnostic samples and of rapidly

for the identification of the genus Mycobacterium to the

species level (Chakravorty et al., 2007). V2 showed an

average length of 100 bp. A separate analysis of three

15-35 bp regions within V2 revealed that the 13

nucleotides spanning 182-194 contained the maximum

single nucleotide polymorphisms (SNP) variations between

Mycobacterium species (Chakravorty et al., 2007).

Molecular methods for the diagnosis of the MTBC.

Traditional diagnosis of bovine tuberculosis is

confirmed through post-mortem examination and

bacteriological culture of M. bovis organisms. The

polymerase chain reaction (PCR) has been widely used

for the detection of MTBC in clinical samples (mainly

sputum) in human and animals.  A number of commer-

cially available kits and various “in-house” methods have

been used for the detection of the MTBC in fresh and

fixed tissues (Miller et al., 1997). Various primers have

been used, including primers that have amplified sequences

from 16S-23S rRNA, the insertion sequences IS6110 and

IS1081, and genes coding for MTBC -specific proteins,

such as MPB70 and the 38 kDa antigen b (Wiker et al.,

1998).

However, commercial kits using fresh, frozen or

boric acid-preserved tissues, have shown variable and less

than satisfactory results in interlaboratory comparisons

(Noredhoek et al.,1996). PCR is not only used for direct

detection in material, or strain characterisation or differ-

entiation within the MTBC complex, but it is also widely

used as a method of initial identification. Usually some

biochemical tests are done to confirm the finding.

However, PCR is now being used on a routine basis to

detect the MTBC and distinguish it from M. avium in

formalin-fixed, paraffin-embedded tissues (Miller et al.,

1997; Miller et al., 2002). Optimal results are obtained when

both PCR and isolation methods are used.

DNA analysis techniques may prove to be faster

and more reliable than biochemical methods for the

differentiation of M. bovis from other members of the

MTBC. A mutation at nucleotide position 285 in the
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identifying bacterial isolates (Ellingson et al., 1998).

They have been used to distinguish between MAP and other

mycobacteria, especially those of the M. avium complex,

(MAC) which also includes M. gordonae. McFadden

et al. (1987) identified a sequence named IS900, which

is an insertion sequence specific for MAP. The use of

IS900 as a DNA probe for specific identification of

MAP in faecal samples from cattle by amplification of

DNA has also proven useful in later studies (Vary et al.,

1990; Marsh et al., 2000). Therefore, a commercial

diagnostic test based on the detection of IS900 sequences

following isolation of mycobacteria from faecal samples

and enrichment of a DNA fraction from IS900 sequences

by PCR has been developed. The test is available from a

commercial laboratory (IDEXX, http://www.idexx.com).

Reverse cross blot hybridisation and sequence analyses

allowed the identification of other members of the genus

Mycobacterium from those of the MTBC (Hughes et al.,

2005). The presence of the genes for potential diagnostic

antigens: MPB70, MPB64, ESAT-6 and CFP-10 in the

isolated Mycobacterium species.  Molecular analyses of

cultured isolates from bovine lymph node specimens of 48

cattle identified a wide variety of mycobacterial species

including MAP (Hughes et al., 2005).

Real-time quantitative PCR

Mycobacterium-specific real time qPCR assay

has been successfully used in combination with

Mycobacterium-specific 16S rRNA sandwich

hybridization in culture-independent analysis of

reservoirs of viable and potentially infectious

mycobacteria (Pakarinen et al., 2007). A molecular

beacon-based real-time NASBA assay for detection and

identification of MAP has been developed (Rodriguez-

Lazaro et al., 2004). It targets and amplifies sequences

from the dnaA gene which are specific for this

bacterium. The assay was tested against 18 isolates of

MAP, 17 other mycobacterial strains and 25 non-

mycobacterial strains, and was fully selective in that it

detected all the targets but none of the non-targets

(Rodriguez-Lazaro et al., 2004).

Diagnostic using postgenomic techniques

A novel approach uses the detection of specific

proteins present in MAP. Among those proteins, a

secretome database has been created, and from the

database 25 candidate the diagnosis of MAP could be

performed, these antigens were then analysed by

immunoproteomic analyses and found to have a high

sensitivity and specificity in the detection of MAP

(Leroy et al., 2007).

In summary, molecular techniques have been

used for several years now, and they offer a practical and

rapid method of detection of Mycobacterium spp. and in

the long run, it may also be cheaper to run molecular

techniques when compared with the associated costs of

running serological, immunological and microbiological

tests. Improvement in the reliability of PCR as a practical

test for the detection of the MTBC in fresh clinical

specimens will require the development of standardised

and robust procedures.
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