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BOVINE SUB-CLINICAL MASTITIS DETECTION BY TARGETING MAJOR PATHOGENS &
BOVINE (GAPDH GENE, INTERNAL CONTROL) BY M-PCR

ABSTRACT

Mastitis is an inflammatory disease of mammary gland, caused by bacterial intramammary infection. It accounts for huge economic
loss to the dairy industry. Detection of major pathogens in the udder during inflammation would help in saving the animal from
clinical mastitis by avoiding permanent damage to the udder. Hence there is a requirement for rapid, sensitive and specific detection of
the pathogens causing mastitis at an early stage of infection. Keeping this in mind we have standardized genus specific multiplex PCR
(m-PCR) to detect major pathogens i.e. Staphylococcus aureus, Streptococcus spp. and Escherichia coli directly from milk samples.
Method of DNA extraction directly from milk was standardized and milk from suspected cases and from the animals apparently
looked healthy was subjected to the test. Genus specific primers were designed for these three genera involved in mastitis and tested in
m-PCR using total DNA isolated from milk. To account for the efficiency of the DNA isolation method, we have included primers in
one of the exon of the Glyceraldehyde phosphate dehydrogenase (gapdh gene) as internal control. The sensitivity and specificity of the
test were evaluated using standard cultures. The test was compared with the conventional method of isolation and found to have a
positive correlation. Of the total 147 samples tested 111 found to be positive for the presence of these pathogens. In our studies the test
could detect the presence of a pathogen up to 1x10° - 1x10’ CFU depends on the genus. Therefore the test may be considered as a
rapid and efficient for diagnosis of bovine mastitis at subclinical level. The m-PCR test has several advantages like, avoids
cumbersome and lengthy culturing steps, rapid, sensitive and specific and hence reliable for the detection of major pathogens causing
bovine mastitis directly from milk. The results suggest that the assay could be used as an alternative method for routine detection of S.
aureus, Streptococcus spp. and E. coli in milk samples in suspected cases of mastitis at subclinical levels before taking up antibiotic
therapy.
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INTRODUCTION

Bovine mastitis (BM) an inflammation of udder tissue due to a microbial infection (Watts, 1988) is responsible for huge economic
losses to the tune of billions of dollars every year for the dairy industry. The losses are due to reduced milk quantity and quality. BM
contributes a highest percentage of loss hence the major strategy to avoid this is by detecting the BM at an early stage of infection.
When the infection is chronic, the udder loses its function permanently as the tissue becomes fibrosis. Hence it is important to identify
quickly the new clinical cases in order to control infection in the herd. The causative bacteria can be classified as major or minor
pathogens (Harmon, 1994) and the major pathogens responsible for BM can be further classified as environmental (Escherichia coli,
Streptococcus dysgalactiae and Streptococcus uberis) or contagious (Staphylococcus aureus and Streptococcus agalactiae) depending
on their primary reservoir (Bramley et al., 1996 & Riffon et al., 2001).

Since subclinical mastitis does not show visible changes in the milk or udder, it is detected by reduction in milk yield, altered milk
composition and the presence of inflammatory components and bacteria in milk. Infection patterns of the major mastitis-causing
pathogens using examples of E. coli, S. aureus and non-agalactiae streptococci. E. coli infections mainly cause clinical mastitis, that S.
aureus infections cause sub-clinical mastitis and that non-agalactiae streptococci have an infection pattern with both subclinical and
clinical appearances (Haas et al., 2005 & Yuan et al., 2011). Accordingly, most E. coli infections should be seen in clinical mastitis
records, while S. aureus infections should be reflected in changes of Somatic Cell Count (SCC). Among the major pathogens, S.
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aureus, Streptococcus agalacitae, Streptococcus dysgalacitae, Streptococcus uberis and E. coli had the highest prevalence. The main
groups of environmental pathogens known to cause mastitis are Escherichia coli, Klebsiella pneumoniae, Streptococcus agalactiae,
Streptococcus dysgalactiae and Streptococcus uberis (Todhunter et al., 1995 & Paulin et al., 2007 & Paulin et al., 2008).

Bacteria that commonly cause mastitis are generally classified as either ‘contagious’or ‘environmental’ pathogens, depending on the
likely source of the pathogen and mode of transmission. The main contagious pathogens are Staphylococcus aureus and Streptococcus
agalactiae. These pathogens have adapted to survive within the mammary gland and are spread from cow to cow at or around the time
of milking (Bradley 2002 & Hameed et al., 2008). Environmental pathogens are best described as opportunistic invaders. They are
found within the cow’s environment and are not thought to be adapted for survival within the mammary gland (Bradley 2002).
Mastitis was mainly caused by infection by contagious pathogens. However, during the 1960s, the implementation of antibiotic dry
cow therapy, post-milking teat disinfection, and routine maintenance of milking machines, reduced the incidence of mastitis caused by
these bacteria (Bradley 2002). Although these control programs were efficient in reducing the problem of contagious pathogens, they
were not as effective against environmental pathogens (Schukken et al., 1990 & Schukken et al., 2003).

The merit of any detection method for routine diagnosis depends on factors, such as specificity, sensitivity, expense, time involved,
and apply to large numbers of milk samples. The most common but unspecific method to identify potential chronic infections is an
SCC though it is not very specific. Early detection procedures have been shown to enhance cure rates and reduce the time required to
return to normal milk when coupled with appropriate antimicrobial therapy (Milner et al., 1997). It is important to identify the
pathogen not only for antimicrobial therapy purposes but also to monitor and control the rate of infection at the farm level. Some of
the tests have been applied to pathogens of bovine origin, such as the Minitek Gram- Positive test for Streptococcus (Watts, 1989) but
with no success because of a lack of information on veterinary pathogens in the database. An enzyme-linked immunosorbent assay
method has been developed for the detection of S. aureus in BM cases (Bourry & Poutrel, 1996) but there was no correlation between
antibody titer and bacterial load (Heisick et al., 1989 & Bourry & Poutrel, 1996). Other enzyme-linked immunosorbent assays were
developed to screen milk for contamination with Listeria organisms (Adams et al., 1988 & Bourry et al., 1997). Nucleic acid based
PCR methods have been developed for detecting the presence microorganisms in milk or in other organic samples however these tests
needed a step to enrich the bacteria in culture media (Andrews, 1983 & Thomas et al., 1991 & Wernars et al., 1991 & Lorenz et al.,
1998; Queipo-Ortuno et al., 1999 & Reale et al. 1999; Khaled et al., 2010) and are therefore, time-consuming. It has been previously
shown that milk samples could serve as a source for the amplification of specific DNA sequences using PCR (Lipkin et al., 1993 &
Berri et al., 2000). Since majority of BM cases is due to three major pathogens i.e. Staphylococcus sp, Streptococcus sp and E. coli the
diagnostic test should target these organisms.

The diagnosis of Staphylococcus aureus mastitis and its potential antibiotic resistance in dairy cattle, a multiplex polymerase chain
reaction (PCR) assay was developed for simultaneous species identification and detection of penicillin, erythromycin, and tetracycline
resistance genes (Jian et al., 2011). Based on this presumption we developed a m-PCR technique with four sets of primers, three sets
are specific for the major pathogen species while one is an internal control for identifying BM pathogens from milk samples, as the
test is specific, sensitive and rapid. To take care of the experimental error in terms of DNA isolation or PCR reaction we have included
primers for GAPDH that amplifies one of the exon regions of the gene from somatic cell DNA as internal control.
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MATERIALS AND METHODS
Bacteriological Examination

The milk sample was streaked on a blood agar plate and incubated for 24 to 48 h at 37°C. After incubation, the plate was read for
primary isolation of mastitis pathogens. A milk sample was considered contaminated when three or more different colony types of
bacteria were detected. Then, a single colony on the blood agar was inoculated into a broth and incubated for 18 to 24 h at 37°C.
Further identification of specific bacterial species such as Staphylococci, Streptococci, and gram-negative bacteria were performed
according to the methods described by the National Mastitis Council.

Bacterial Strains and Growth Conditions

The reference Streptococci viz., Streptococcus agalactiae (HM 355961), Streptococcus dysgalactiae (HC 359248) and Streptococcus
uberis (HC 355971 and HC 355972 ) procured from Project Directorate on Animal Disease Monitoring And Surveillance
(PD_ADMAS), Bangalore and E. coli DH5a available at IVRI, Bangalore, Staphylococcus aureus maintained in the Department of
Veterinary Microbiology, Veterinary College, Bangalore were used

Isolation of DNA from Milk Samples

The total DNA was isolated from milk as per the method (Cremonesi et al., 2006) with modification. Milk samples were centrifuged at
4 °C at 14 000 g for 5 min and the fat layer that formed on the top was removed. An aliquot of 200 pl of the centrifuged milk was
taken into a, mixed with 200 ul phosphate buffer saline (PBS) and 400 pl methanol and the mixture was re- centrifuged at 4 °C at 14
000 g for 5 min. The pellet containing the cells was collected mixed with 100ul isoamyl alcohol, centrifuge for Smin and the pellet
was re-suspended in 100ul of 0.9% NaCl. The above steps was repeated once. Lysis buffer (400ul) (3M guanidine thiocyanate, 20mM
EDTA, 10mM Tris-HCI (pH 6.8), 40mg/ml, Triton X-100, 10mg/ml dithiothreitol) was added and incubate at room temperature for 5
min. The contents were centrifuged for 2 min at 14,000 g and the supernatant was passed through the silica column. The adsorbed
DNA was treated once again with lysis buffer and centrifuged for 2 min. Wash buffer (25% absolute ethanol, 25% isopropanol, 100
mM NaCl, 10mM Tris HCI, pH 8) was added to the column and centrifuged for 2 min. The DNA bound to the column was once
washed with absolute alcohol and eluted with sterile distilled water. DNA concentration was estimated using a Nanodrop
spectrophotometer.

Standardization of PCR

PCR primers were designed from highly divergent and species specific regions of the DNA coding for 16S-23S ISR rRNA, 16S r
RNA and traT gene based on previously published sequence entries available in the NCBI — Gen Bank database for the detection of
Staphylococcus, Streptococcus spp. and E. coli respectively. The primers were synthesized by M/S BIOSERVE India Ltd.
(Hyderabad) and procured as lyophilized powders. The primers were reconstituted in TE buffer to a final concentration of 1000 pm/ pl
and stored at -70°C as stock. The working concentration of 20 pm/ul was prepared with sterile filtered distilled water, aliquoted and
stored at -20°C.

PCR was performed in a Gene Amp PCR System 2400 (Biometra) in a final volume of 25ul. Consisting of 5 pmol each of the primer
pair, 1 U of Taq DNA polymerase (Chromous Biotech Ltd, India), 25 mM MgCl,, and 100uM each of the four deoxyribonucleotide
triphosphates (Fermentas, USA) in 25mM Tris-HCI, pH 8.3. Initial denaturation was done at 95°C for 2 min before applying 35
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cycles, each cycle with denaturation at 95°C for 45 s, annealing 50°C for 1 min, and extension at 72°C for 30 Sec. After the final
cycle, one cycle of extension at 72°C for 5 min was carried out to complete the reaction. Initially PCR assay was performed for each
pathogen using known standard DNA and with Spmol each of the specific primer pair. Subsequently PCR was performed with a
mixture of standard DNAs with various combinations of templates and primers so as to rule out no specific amplification or internal
primer-primer hybridization.

Detection of PCR products

Ten microliters of the PCR product was analyzed by 2% agarose gel electrophoresis in Tris-borate buffer using standard molecular
size markers. Bands were visualized under ultraviolet (UV) transillumination (312 nm) and documented.

m-PCR for the Detection of Major pathogens

For multiplexing, all the four pairs of the primers (three for pathogens and one for internal control) were mixed at 5 pmol
concentration of each primer and used for the PCR reaction in the presence of 5pul of the total DNA solution. The reaction conditions
were same as shown before.

Table 1. Primers used in the m-PCR

Primer name Target gene Sequence (5'-3")

Specificity Amplicon Size (bp)

SU-F 16s—23s ISR rRNA TTC GTA CCA GCC AGA GGT GGA
Staphylococcus aureus

SU-R 16s—23s ISR rRNA TCT TCA GCG CAT CACCAATGCC
Staphylococcus aureus 229

ST-F 16s IRNA GAT ACA TAG CCG ACC TGA GA
Streptococcus spp.

ST-R 16s IRNA AGG GCC TAA CAC CTA GCA CT
Streptococcus spp. 561

ECO-F (tra T) gene TCT GCG GGA GTC TCA GGG ATG GCT G
E. coli

ECO-R (tra T) gene GTA TTT ATG CTG GTT ACCTGT TT
E. coli 313

Bta-F GAPDH ACC ACC GTC CAC GCC ATC AC
Bos taurus (somatic cell)

Bta-R GAPDH CCG TTG AGC TCA GGG ATG A

Bos. taurus (somatic cell) 152
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M

229bp

Figure 1. PCR amplification of 229bp S. aureus analyzed by electrophoresis on a 2% agarose gel, Lane M: 100 bp DNA ladder,
Lanel -7: PCR amplified 229bp product Reference Positive control (S. aureus), Lane 8-11 : Negative controls Streptococcus
agalactiae, S. dysgalactiae, S. uberis and E. coli, Lane 12: Negative controls (NTC).

Figure 2. PCR amplification of 541bp Streptococcus spp. analyzed by electrophoresis on a 2% agarose gel, Lane 1-4: Streptococcus
spp. Reference Positive Control, Lane M: 100 bp DNA ladder, Lane 6: Negative controls S. aureus , Lane 7:Negative controls E. coli
, Lane 8: Negative controls NTC.

M 1 2 3 4 5 6 7 8 9

313bp

Figure 3. PCR amplification of 313bp traT gene of E. coli analyzed by electrophoresis on a 2% agarose gel, Lane M: 100 bp DNA
ladder, Lanel-4: PCR amplified 313bp product of E. coli Positive control, Lane 5-8:Negative controls (S. aureus , Streptococcus
agalactiae, S. dysgalactiae, S. uberis), Lane 9, Negative controls NTC.
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M 1 2 3 4 5 6 7 8 9 10

152bp

Figure 4. PCR amplification of 152bp GADPH gene of Bos taurus analyzed by electrophoresis on a 2% agarose gel, Lane M: 100 bp
DNA ladder, Lanel-4: PCR amplified 313bp product of E. coli Positive control, Lane 5:Negative controls S. aureus , Lane 6-
8:Negative controls Streptococcus agalactiae, S. dysgalactiae, S. uberis), Lane 6-8:Negative controls E. coli, Lane 10:Negative
controls NTC .

561bp
313bp

229bp

Figure 5. Amplification products of the different primer combinations were analyzed by electrophoresis on a 2% agarose gel. Lane M:
100-bp DNA ladder , Lane 1:S. aureus, Lane 2: Streptococcus spp., lane 3: E. coli and Lane 4: Mixture of these 3 primer pairs
amplified specific genes from the DNAs from the 3 organisms.

M 1 2 3 4 5 6

Figure 6. Amplification products of the different primer combinations were analyzed by electrophoresis on a 2% agarose gel. Lane
M:100-bp DNA ladder , Lane 1: E.coli and Bos taurus ,Lane 2 and 4: S. aureus and Bos taurus ,lane 3: Streptococcus spp.,and Bos
taurus Lane 5: Mixture of these 3 primers pairs amplified specific genes from the DNAs from healthy milk sample, Lane 6: Negative
controls NTC.
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Major mastitis pathogens in milk by multiplex PCR
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Figure 7. Milk samples with mastitis cases: 147 samples tested by the standardized Multiplex-PCR, Frequently present in milk was S.
aureus being founded in 50 (34.013%) samples , E. coli in 49 (33.333%) samples, Streptococcus spp in 12 (8.163%) samples, 36 (
24.489%) -negative for all the bacterial species.

RESULTS
Specificity of the Primers

S. aureus Specific PCR: S. aurcus specific primers targeting 16s—23s ISR rRNA were designed and employed for the specific
confirmation of the S. aureus DNA. The isolates yielded a single DNA band of 229 bp amplicon of 16S-23S ISR rRNA (Fig. 1). No
other nonspecific amplification was seen either with DNA from reference cultures (lane 1, 2, 3, 4) or from positive milk samples (lane
5, 6, 7) indicating the primers are specific. On the other hand the DNAs from the reference cultures of Streptococcus spp. and E. coli
did not show any amplification indicating the PCR is specific for S. aureus 16-23S ISR of rRNA genes (lane 8, 9, 10, 11). There was
no amplified product seen in the case of No Template Control (NTC) indicating the amplified product is specific (lane 12).

Streptococcus spp. Specific PCR: A house keeping 16S rRNA gene was targeted in the case of Streptococcus spp. Upon
amplification of the genus specific 16S rRNA gene with designed primers using the DNA isolated from the reference culture, as
expected a single 561 bp DNA band was seen in the lane of 16S rRNA (Fig. 2, lane 1, 2) indicating the amplicon of 561 bp is
specific for 16 S RNA gene of Streptococcus spp. A few positive samples which were confirmed by culturing had also shown the
similar amplification fragment (lane 3, 4). No amplification was seen with the DNAs isolated from reference cultures of S. aureus and
E. coli indicating the primers are specific for 16 S RNA gene of Streptococcus spp (lane 5,6). Similarly there was no amplification in
case of no NT indicating there was no primer-primer annealing (lane 7,8).
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E. coli specific PCR: Primers were designed for traT gene of E. coli which is supposed to be conserved in >90% of all E. coli strains.
The DNA from standard culture showed an amplified band of 313 bp (Fig. 3 lane 1, 2) which is absent with the DNAs of the standard
cultures of S. aureus and Streptococcus spp (lane 5, 6, 7, 8) indicating that the gene is specifically for E. coli. Similar size band was
also seen in the reference cultures (lane 3, 4) which were used as positive controls. No amplification was observed in the case of NTC
as well (lane 9).

Bos taurus Specific PCR: Primers targeting one of the exons of the GAPDH gene of Bos taurus were designed and employed for the
specific amplification of the gene from the somatic cell DNA present in the total DNA isolated from the milk. As expected 152 bp
amplicon was observed in the case of DNA isolated from milk samples (Fig. 4 lane 1, 2, 3, 4 ) which is absent in the case of DNA
isolated from bacterial cultures (lane 5, 6, 7, 8, 9, 10) indicating the amplicon was specific for somatic cell DNA.

Application of Primers in m-PCR

After confirming the specificity of each primer pair with the DNAs isolated from the reference cultures obtained from ATCC, the PCR
was conducted on mixed DNAs of S. aureus, Streptococcus spp. and E. coli with primers specific for S. aureus. The amplification of a
single 229bp amplicon corresponding to S. aureus 16S-23S ISR rRNA was seen no other amplified product was observed (Fig. 5, lane
1). Similarly primers specific for Streptococcus 16STRNA showed specific amplification of 561 bp only with Streptococcus (Fig. 5,
lane 2) but not with S. aureus or E. coli. Similarly primers for E. coli traT gene amplified specific product with E. coli DNA. No
amplified product was seen with the DNAs isolated from Staphylococcus spp or Streptococcus spp (Fig. 5, lane 3) indicating they are
genus specific. However the mixture of the all the 3 primer pairs amplified the corresponding genes from the mixed DNAs. (Fig. 5,
lane 4). This indicates that the primers are compatible and can amplify the specific genes even when used in m-PCR.

Encouraged with the specificity of the primers, the m-PCR test was conducted on the DNAs isolated from milk samples (Fig.6). Milk
samples were collected from organized farms which were reported to have the clinical cases of mastitis. Of the 147 samples tested by
the standardized Multiplex-PCR, 36 (24.489%) were negative for all the five bacterial species screened. The species most frequently
present in milk was S. aureus, being founded in 50 (34.013%) samples followed by E. coli in 49 (33.333%) samples. Streptococcus
spp. was detected in 12 (8.163%) samples respectively (Fig.7).

DISCUSSION

Bovine mastitis is one of the most economically important diseases that affect the dairy industry. Billions of dollars are lost
throughout the world because of reduced quality and quantity of milk produced. Though the mastitis is of multi-etiological in nature,
the high percentage of loss is due to the three major bacterial pathogens, Staphylococcus, Streptococcus and Escherichia coli. Mastitis,
if detected at subclinical levels can be controlled by antibiotic therapy. Detection of subclinical mastitis and the causative agent is the
prerequisite for undertaking therapeutic measures. Conventional procedures for identification of pathogens of BM are labor-intensive,
and most of the commercial tests are not designed to identify important veterinary pathogens (Watts, 1989 & Jayarao et al., 1991).
Detection of mastitis at sub-clinical stage needs tests that are highly sensitive and PCR based tests can meet this requirement.
However some of these available methods still need enrichment of the culture, which is time consuming. Hence the detection of
pathogen directly from milk is ideal. Also to detect the pathogen the PCR reactions are to be carried separately for different
pathogens. Multiplexing is alternative method however, the compatibility of the primer pairs is important for the reaction to work
efficiently with high sensitivity of detection. Presence of PCR inhibitors may sometimes show false negative results. This can be
detected by including an internal control.In this investigation the efforts are made to develop modified m-PCR to overcome these
limitations and developed sub-clinical mastitis detection test using the milk sample. The test is based on m-PCR that can identify
major pathogens. The test which can detect the BM within 4 hours did not require a culture step is specific, sensitive and cheap. PCR
methods are very efficient for the detection of pathogens at very low concentration. Methods involving ribotyping are useful for
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pathogen detection. Therefore PCR based detection of 16S rRNA or 23S rRNA regions have been successfully applied for the
identification of many bacteria (Bentley & Leigh 1995 & Forsman et al., 1997; Saruta et al., 1997 & Mendoza et al., 1998 & Straub et
al., 1999 & Bes et al., 2000 & Sabat et al., 2000 & Whitehead & Cotta, 2000). The major advantage of PCR is its sensitivity as a few
picogram quantities of nucleic acid is enough to detect the presence of the organism, allowing the elimination of the culture.
Therefore, we selected m-PCR amplification of DNA regions coding for rRNA and ISR because of the presence of genus specific
hypervariable regions.

Moreover, TRNA is present in many copies, which permits signal enhancement (Bentley & Leigh 1995). Primers described here
(Table 1) were proven to be specific since on agarose gel only one band was observed for each set of primers and no signal was
detected with negative controls. As internal control to verify the PCR efficiency we have included the primers for amplifying DNA
sequence coding for one of the exon of GAPDH of Bos taurus, were designed and included. The intensity of the bands varied among
samples which may be due to the difference in the copy numbers of the coding regions for these particular (Watts, 1989). Even though
the nucleotide sequence data comparison (BLASTN 2.0) showed that the four primers are conserved in all pathogens of BM. The test
was standardized for direct detection of organism in milk samples without a culture step. As expected the m-PCR is specific for S.
aureus, Streptococcus spp. and E. coli.
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