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1. INTRODUCTION 

High economic lose was resulting due to the 

reproductive disorders in cattle and buffaloes such as 

abortions, repeat breeding and infertility (Yoo et al., 

2010). Bovine abortion may be due to many causes, but 

infectious causes are the most important one (Silva et 

al., 2009). Worldwide, Brucellosis, Leptospirosis, 

Mycoplasmosis and Listeriosis are considered serious 

zoonosis and represent an important cause of 

reproductive losses in animals, especially in 

Mediterranean countries and Egypt (Gwida et al., 

2016). These diseases are characterized by fast 

spreading, difficulty of control and prevention, time 

consuming and the cost of treatment (Selim et al., 

2014).  

As a replacement of time consuming 

traditional methods, PCR has been used as an important 

diagnostic tool of abortion in cattle (Anderson, 2007). 

Several single PCR assays have been used for detection 

of abortion microbial agents, including Brucella 

species, pathogenic Leptospira species, Mycoplasma 

species and Listeria monocytogenes (Sharifzadeh et al., 

2008; Poltronieri et al., 2009; Bhure et al., 2012; 

Chiebao et al., 2015; Mahajan et al., 2017 and Mori et 

al., 2017). The aim of this work was to develop a rapid, 

sensitive and specific single-reaction m-PCR for 

detection of these four abortificient bacterial agents. 

 

2. MATERIAL AND METHODS 

2.1. Bacterial strains:  

Brucella strains (B. melitensis biovar-3), Leptospira 

strains (Leptospira icterohaemorrhagiae), Listeria 

strains (Listeria monocytogenes) and Mycoplasma 

strains (Mycoplasma bovis) were kindly provided form 

Animal Reproduction Research Institute (ARRI) and 

Faculty of Veterinary Medicine, Cairo University, and 

used as positive control in the PCR reaction. All 

infectious agents used are classified as biohazard (OIE, 

2002); the appropriate precautions and biosafety 

measures were followed during the study. 
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 Reproductive disorders in farm animals represent a great importance due to economic losses 

for breeder and country economy. The main cause of reproductive failure in cattle is infectious 

abortion. Brucella, Leptospira, Mycoplasma and Listeria are important zoonosis and leading 

to sever economic losses in animals around the world, especially in Mediterranean countries 

and Egypt. Since early detection is crucial in control and treatment, molecular techniques 

proved to be a more rapid, sensitive and specific diagnostic tool. The present study is aimed 

to detect these four important pathogens using multiplex- PCR. The multiplex PCR has been 

standardized by using 4-pairs of primers to amplify 31kDa gene encoding protein in Brucella 

spp., lig gene in pathogenic Leptospira, hlyA gene in Listeria monocytogenes and 16S rDNA 

in Mycoplasma spp. A total of 161 different clinical samples were used, an expected band at 

223bp, 468p, 370 bp and 270bp were obtained from Brucella spp., pathogenic Leptospira, 

Listeria monocytogenes and Mycoplasma spp., respectively. In conclusion, the results of this 

conventional m-PCR assay revealed that it can be a valuable tool for simultaneous, rapid, cost 

saving and reliable detection of these microbial agents causing bovine abortion.   
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2.2. Clinical samples:  

A total of 161 samples (115 milk samples, 10 semen 

samples, 6 tissue samples and 15 blood samples 6 

tissue samples, 15 blood samples, 5 vaginal swabs and 

discharges and15 fetal fluids and fetal organs from 

aborted foeti) were used in this study. 

 

2.3. DNA extraction: Samples were prepared in Tris- 

EDTA buffer (TE buffer):  Tris Hcl (pH 7.8) 10 mM, 

EDTA (pH 8.0) 1 mM. 

DNA extraction was done using DNA preparation kits: 

1-Animal and fungi DNA preparation kit (Jena 

Bioscience), Germany: for genomic DNA purification 

from animal tissue. 2-DNA Mini kit, (Bio Basic Inc.), 

Canada: Genomic DNA kit for Extraction of DNA 

from blood samples.  

 

2.4. Primers: specific primers for detection of 31kDa 

omp gene in all Brucella spp.: 5’-TGG CTC GGT TGC 

CAA TAT CAA- 3’(r) and 5’-CGC GCT TGC CTT 

TCA GGT CTG-3’(f) B4,B5 for all Brucella spp. 

(Tramuta et al., 2011; Baily et al., 1992); 5’-TCA ATC 

AAA ACA AGG GGC T-3’(r) ; lig gene in pathogenic 

Leptospira spp. only 5’- ACT TGC ATT GGA AAT 

TGA GAG-3’(f) Lig1, Lig2 for pathogenic Leptospira 

(Palaniappan et al., 2005); hlyA gene in Listeria 

5’AAA TCG CGT CCT TGC TGG TCT GA3’(r) and 

5’TCG CGA TCA CTT AAG GGC CTT CAT -3’(f) 

L.mono1,L.mono2 for detection of Listeria 

monocytogenes (Jami et al., 2010); and 16S rDNA in 

Mycoplasma spp. 5’-TGC ACC ATC TGT CAC TCT 

GTT AAC CTC-3’(f) and 5’- GGG AGC AAA CAG 

GAT TAG ATA CCC T-3’(r) for  all  Mycoplasma spp. 

(Marios et al., 2000).  

 

2.5. m-PCR conditions:   In each phase of 

standardization of multiplex PCR, concentration of 

primers in the cocktail, annealing temperatures, 

concentration of template DNA were optimized. The 

m-PCR was carried out in a 200ul  PCR tube with a 

final volume of 50ul reaction volume; with the 

following components: 25ul of 2x absolute Master Mix 

(Thermo scientific, ABgene, UK); 0.2ul of each 

primer; 3ul of extracted genomic DNA  were used as a 

template and Milli-Q water up to the final volume. The 

PCR reaction was performed on eppendorf master 

cycler, nexus gradient, Germany; with the following 

thermal profile:  a single cycle of 5 min at 94°C for the 

initial denaturation, followed by 30 amplification 

cycles; of a denaturation step of 40 sec. at 95 °C; then 

annealing step at 53 °C for 1 min. and finally extension 

step at 72 °C for 1min. followed by a final extension at 

72 °C for 10 min.  

 

2.6. Evaluation of m-PCR: Subsequently, agarose gel 

electrophoresis of the amplified products was 

performed, 10 µl of each PCR product were mixed with 

2 µl of the orange / Blue 6X loading dye (Promega). 

Then they were electrophoresed on 1.5 % agarose gel 

in 0.5 X TBE buffer containing 0.5 µg/ml ethidium 

bromide for 60 minutes at 70 volts in a minigel 

electrophoresis unit using 0.5X TBE as electrophoresis 

buffer (Sambrook et al., 1989). Amplification products 

were visualized using ultraviolet trans-illuminator and 

photographed. The sizes of the amplification products 

were compared with the 100 bp DNA marker that was 

loaded with the samples. Negative “No template” 

controls (NTC) using DNase and Rnase free water and 

positive controls were always run with each PCR assay, 

to monitor for reagents and laboratory contamination.  

 

2.7. Sensitivity evaluation of multiplex PCR assay: 

DNA from Brucella, Leptospira, Listeria and 

Mycoplasma was quantified in spectrophotometer. 

Serial tenfold dilutions of DNA were carried out to 

determine the detection limit of multiplex PCR assay. 

 

2.8. Application of multiplex PCR assay on clinical 

samples: A total of 161clinical samples including: 115 

milk samples, 10 semen samples, 5 vaginal swabs and 

discharges,15 fetal fluids and fetal organs from aborted 

foeti, 6 tissue samples and 15 blood samples) were 

collected and used in this study. DNA was extracted 

directly from the clinical samples and used for m-PCR. 

 

3. RESULTS 

3.1. PCR detection limit: The result of the PCR assay 

sensitivity was determined by amplification of 

extracted genomic DNA products from the 10-fold 

serial dilutions from different positive control strains. 

The reproducible detection limits were 1.7x 102 fg/ul, 

0.14 x 103fg/ul, 0.16 x 103fg/ul and 0.74 x 104 fg/ul for 

Brucella, Mycoplasma, Listeria and Leptospira, 

respectively. Specific simultaneous detection of all 

pathogens was achieved with its corresponding primers 

with the conditions described before, and no 

interferences were detected between them, therefore 

there is no false negatives were obtained. The results of 

conventional m-PCR revealed the specific band at 

223bp, 270bp, 370bp and at468bp for detection of 

Brucella, Mycoplasma, Listeria and Leptospira species 

simultaneously, as shown in Fig.1. 
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3.2. Application on clinical samples: Previously 

described m-PCR assay has been applied on different 

field samples. Results summarized in Table (1) and 

Plate (1). The results revealed specific PCR products, 

with minimal primer dimmer and without nonspecific 

products. 

 

Figure 1:  multiplex PCR-detection  of Brucella, Mycoplasma, Leptospira and Listeria positive control strains extracted DNA using the 

primer sets (B4, B5, myco1, myco2, L.mono1, L. mono2, lig1 and lig2),  Lane 1: 100 bp DNA marker; lane 2: single Brucella positive strain; 

lane 3: single Mycoplasma positive strain; lane 4: single Listeria positive strain; lane 5: single Leptospira positive strain; lane 6: Multiplex 

Brucella, Mycoplasma, Listeria and Leptospira positive strains; lane 7: Negative control 

 

Table (1): Results of m-PCR in different clinical samples 
Sample type Total No.                              + Ve Conventional PCR 

Brucella Mycoplasma Listeria Leptospira Mixed 

Milk 115 18 8 - - 4(br+myco 

Blood 15 2 - - 1 - 

Semen 10 - 2 - 2 - 

Fetal fluid 15 2 - - 2 2(br+ lepto) 

Tissue 6 - 1 - - - 

Vaginal 

discharge 

5 2 - - - - 

Total 161      

 

Plate 1: Detection of Brucella, Mycoplasma, Leptospira and Listeria in different clinical samples, A: detection in milk samples; Lane 1: 100 

bp molecular marker; lane 2: +ve m-PCR sample; lane 3-6: +ve mycoplasma samples; lane9-10: +ve mycoplasma and brucella samples; lane 

11: -ve control; B: detection in blood samples; Lane 1: 100 bp molecular marker; lane 2: +ve m-PCR sample; lane 3, 4: +ve brucella samples; 

lane 5: +ve leptospira sample; lane 6: -ve control.; C: detection in  semen samples. Lane 1: 100 bp molecular marker; lane 2: +ve m-PCR 

sample; lane 3, 4: +ve mycoplasma samples; lane 5, 6: +ve leptospira samples; lane 7: -ve control; D: detection in tissue samples Lane 1: 

100 bp molecular weight marker; lane 2: +ve m-PCR sample; lane 3, 4: +ve brucella samples; lane 5: -ve control.; E: detection in vaginal 

discharge samples; Lane 1: 100 bp molecular weight marker; lane 2: +ve m-PCR sample; lane 3, 4: +ve brucella samples; lane 5: +ve 

leptospira sample; lane 6: -ve control.; F: detection in fetal fluids samples; Lane 1: 100 bp molecular weight marker; lane 1: +ve m-PCR 

sample; lane2, 3:+ve mycoplasma samples; lane 4,5: +ve brucella and leptospira sample; lane 6, 7: +ve brucella samples; lane8: -ve control. 
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4. DISCUSSION 

Abortion in cattle considered a multifactorial 

disease, usually caused by many different infectious 

agents (Selim et al. 2014). Brucella, Leptospira, 

Mycoplasma and Listeria are considered an important 

causative pathogens for reproductive disorders in cattle 

and buffaloes and continue to be a serious problem for 

animals through the world leading to severe economic 

losses, moreover, they considered to be a threat to 

community health and a critical issue in public health 

in developing countries (Yoo et al., 2010, Gunyeli et 

al., 2011)  

Specific and decisive diagnosis of the 

etiological agent in reproductive diseases is highly 

demandable since control measures vary according to 

the causative agent involved (Kaur et al., 2015). In 

many cases, traditional techniques are not sufficient 

alone to detect the cause of the abortion, as they are 

inconclusive, difficult, time consuming, dangerous and 

require expert personnel (Selim et al. 2014). Therefore 

the PCR has become a valuable diagnostic tool because 

of its speed, simplicity, accuracy and applicability to 

different clinical samples. Such advances represent a 

promising alternative for hazardous, time consuming, 

less sensitive traditional diagnostic techniques 

especially for those important Zoonotic bacterial 

pathogens (Bhure et al., 2012).  

In this study, monoplex PCRs, carried out 

separately for each bacterium, specific amplicon sizes 

of 223bp, 270bp, 370bp and 468bp for detection of 

Brucella, Mycoplasma, Listeria and Leptospira species 

simultaneously, since diagnosis by monoplex PCR 

allows the detection of a single bacterium at a time, it 

is relatively costly and wasting a lot of time. Multiplex 

PCR assay is a technique for the amplification of 

multiple target DNA sequences in a single tube PCR 

experiment. It offers a considerable potential for saving 

of time and effort without affecting the utility of the 

test, the multiplex PCR assay has an advantage of the 

simultaneous detection of different pathogens and 

proved to be more sensitive, specific and cost effective. 

It can also be helpful in diagnosis, screening and 

surveillance of the animal flocks (Henegariu et al., 

1997).  

Standardization of multiplex PCR requires 

careful optimization of all the ingredients along with 

the PCR conditions. Standardization of the primer 

cocktail is important since the inclusion of many 

primer pairs can lead to primer dimerization and mis-

priming. Each primer set has amplified a DNA 

fragment specific for the corresponding gene and of the 

predicted size. The sharpness and intensity of the 

amplified DNA fragments in monoplex PCR assay was 

more as compared to that obtained in multiplex PCR. 

This could be because of the reason that in monoplex 

PCR where only single gene is targeted, we can use the 

optimal conc. of MgCl2, Taq, annealing temperature 

according to the specific primer, but, in case of 

multiplex PCR, the ingredients as well as PCR 

conditions should suit all primer pairs and target genes 

and so may not be optimal for each individual pair of 

primers, Similar observations have been reported 

(Selim et al. 2014; Moustacas et al., 2015).  

The primers used in this multiplex assay has 

been carefully chosen to be specific for those 4 

bacterial pathogens according to literatures (Jami et al., 

2010), the B4 & B5 primer set which used for brucella 

species, amplifying a 223 bp product which encoding 

for a (BCSP31) 31-KDa immunogenic brucella cell 

surface protein, conserved among all Brucella species. 

The major outer membrane lipo-protein gene (Lig), 

which amplifies a 468 bp product, is an important 

virulence factor and is confined to pathogenic 

leptospira species and not found in non-pathogenic 

Leptospira and a 370-bp product for hly gene which 

encodes for listeriolysin o (a pore forming cytolysine) 

that is one of virulence factors in Listeria 

monocytogenes. 

The sensitivity of selected PCR assays have 

been assessed, When applied on 10- fold serially 

diluted DNA samples of positive control strains of the 

4 pathogens, the Brucella PCR assay could detect as 

low as 1.7x102fg/ul which agree with (Bhure et al., 

2012; Arasoglu et al., 2013); While, the mycoplasma 

assay could detect down to 0.14 x 103fg/ul and that 

agree with (Higuchi et al., 2011). In case of L. 

monocytogene the detection limit was 0.16 x 103fg/ul 

as with (Kumar, 2009); and for Leptospira the results 

was 0.74 x 104 fg which close to (Richtzenhain et al., 

2002; Bhure et al., 2012 and Lam et al.,2012).  

This assay has been applied for the direct 

detection and identification of these four organisms in 

different clinical samples; in the present study, one 

sample of fetal stomach content was positive for 



El-Sayed et al., 2019. AJVS. 61 (2) 52-57 

 

56 
 

Brucella and Leptospira by m-PCR. Similarly, 

infection by both Brucella and Leptospira spp. has 

earlier been observed aborted fetuses of bovine by 

multiplex PCR (Kaur et al., 2015 and Dehkordi et al., 

2012). When two or more target sequences present in 

different amount in the same foetal tissue it may result 

in a false negative results specially when concerning 

the lower prevalent agent. This situation cans 

potentially affecting other multiplexes targeting 

including in molecular assays (Selim et al. 2014). 

However, in this work, the results obtained by using 

multiplex PCR assays were in accordance with those 

obtained by the same PCR assay run in simplex, thus 

showing the high reliability and sensitivity of the 

proposed panel.  

Only one sample is positive in tissue samples 

may be due to many causes; as the inhibition of PCR 

may be due to unknown inhibitors which can be 

released from tissue in DNA extraction step. (Lester et 

al., 2003)  

All tested field samples (unknown samples) 

were negative for Listeria monocytogenes, as we 

found Brucella, Mycoplasma, Leptospira and did not 

find Listeria, it may be due to low incidence of listeria 

comparing to other microorganisms or the type of 

sample itself. 

In conclusion the multiplex PCR assay proved 

to be a valuable method for the diagnosis of co-

infection for its accuracy, specificity and low cost in 

comparison to traditional techniques. The assay could 

be used for routine screening and molecular 

epidemiology of Brucella, Mycoplasma, Listeria and 

Leptospira infection; the performance of this assay can 

minimize the number of testes required with rapid 

delivery of the results. 
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