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Abstract
Bovine abortion is economically one of the most devastating problems faced by dairy farmers. 
Apart from non-infectious causes, several infectious pathogens are responsible for abortions, which 
sometimes manifests as abortion storms. Vaccine against several pathogens is available, in spite of 
that, abortions cause huge economic losses for the dairy sector. Timely and accurate identification of 
the etiological agent helps in adopting the mitigation steps to control the damage caused. In addition 
to the common abortion-causing pathogens such as Brucella abortus, Bovine herpesvirus-1 (BhV-1), 
bovine viral diarrhea virus (BVDV), several emerging viral causes are being investigated for their 
possible role in abortion, either exclusively or as co-infection. Molecular methods are widely accepted 
for the identification of the involved pathogens. However, these assays require individual screening 
against each pathogen which is time-consuming and uneconomical, hence the multiplex format of 
PCR assays has been adopted by several laboratories. Multiplexing in real-time PCR is a sensitive and 
reliable technique, but it requires trained manpower and sophisticated equipment which is largely 
unavailable in regional disease diagnostic laboratories in India. Hence, in this study, a user-friendly, 
ready-to-use, gel-based RT-PCR multiplex assay was developed for simultaneous detection of three 
common pathogens (B. abortus, BHV-1, and BVDV) and two emerging pathogens; bluetongue virus 
(BTV) as a cause of abortions in bovine and Schmallenberg virus (SBV). After the standardization of 
the assay, a panel of 211 samples was screened. A high degree of concordance was observed which 
indicates the developed multiplex PCR assay is reliable and has the potential for screening at regional 
diagnostic laboratories.
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iNtRODuCtiON
 Livestock plays an important role in 
supporting the Indian economy. India has the 
largest livestock population of more than 500 
million1. The contribution of the livestock sector 
in the country’s gross domestic product (GDP) is 
nearly 4.11%1. However, there are serious threats 
like abortions to animal health and production, 
which cause huge economic losses. The majority 
of animals are reared under an un-organised sector 
where abortions due to infectious pathogens are 
a significant problem. The burden of maintaining 
unproductive females, for longer periods, causes 
huge financial losses to the poor farmers3.
 Various viral, bacterial and protozoan 
pathogens are responsible for abortions in the 
cattle population in India4. Such pathogens include 
viruses like Bovine herpesvirus-1 (BHV-1), and 
bovine viral diarrhea virus (BVDV) as the most 
common viral causes of abortions5-7. Bacterial 
agents such as Brucella abortus are considered as 
the most important bacterial zoonotic pathogen, 
causing abortions8. Apart from these, emerging 
viruses such as Schmallenberg virus (SBV) and the 
role of bluetongue virus (BTV) in causing abortion 
are now being extensively investigated9-11. 
 Transmission of bovine brucellosis is 
estimated to occur at an endemic equilibrium in 
India, with disease prevalence estimated to be 
13.5%12. The seroprevalence of BHV-1 and BVDV 
in India has been estimated to about 38.0%5 and 
15.29%13, respectively. Although BTV is endemic in 
the Indian population of sheep and goats with an 
estimated seroprevalence of 39-43% with frequent 
reporting of clinical outbreaks from various parts 
of India, clinical outbreaks in cattle have never 
been reported. However, seroprevalence in 
cattle has been reported up to 34%14. Recently,  
involvement of BTV in bovine abortion is being 
highlighted and is a matter of investigation11.
 A recently identified viral agent, 
Schmallenberg virus (SBV; an Orthobunyavirus) 
causes abortions in cattle, sheep, and goat 
population15. Although the presence of SBV in India 
is yet to be established, serological studies have 
indicated circulation of antibodies against SBV in 
the Indian livestock population16.
 The infectious diseases causing abortions 
are preventable, provided the prompt and 
accurate diagnosis is available and mitigation 

efforts are adopted during the early course of the 
disease. Veterinary diagnostic laboratories at the 
regional and national level plays an important role 
in obtaining an accurate and timely diagnosis. 
 Molecular methods are becoming a 
handy tool for providing a specific and rapid 
diagnosis. During the last few decades, sensitivity 
and specificity of nucleic acid-based diagnostic 
methods have improved tremendously. However, 
the involvement of different abortion- causing 
pathogens requires individual detection, which is 
time-consuming and uneconomical. Simultaneous 
detection of up to six viral pathogens, namely, foot-
and-mouth disease virus (FMDV), BTV, Vesicular 
stomatitis virus (VSV), BVDV, bovine rotaviruses 
(BRVs), and BHV-1 have been demonstrated 
recently, by multiplex real-time PCR assays17. 
However, probe-based assays require a specific 
set of equipment and expertise which is largely 
unavailable at the regional laboratories in India. 
Hence, conventional gel-based multiplex PCR has 
been utilized principally for molecular diagnosis. 
 Considering the challenges faced for rapid 
identification of bovine abortion causative agents 
in the regional laboratories in India, a multiplex 
one-step PCR assay was developed to provide 
simultaneous detection of B. abortus, BHV-1, 
BVDV, BTV, and SBV. 

MAteRiAl AND MethODs
 In order to obtain distinct amplification 
products for easy differentiation in agarose gel 
electrophoresis for each pathogen, primer sets 
were designed for BHV-1, BVDV, and BTV whereas, 
recommended primers were used for specific 
detection of SBV and B. abortus. The details of 
primers used in this study are described in table 
1. Representative gene sequences of BTV, BHV, 
and BVDV were downloaded from the NCBI 
database and aligned with the Mega7 multiple 
alignment tool. Primer pairs were designed using 
the Hyden tool18. NCBI primer blast tool was used 
for evaluating the cross-specificity (https://www.
ncbi.nlm.nih.gov/tools/primer-blast/). The primer 
pairs were synthesized from Eurofins (Bangalore, 
India). 
 The designed primers were optimised 
for the detection of the known positive controls. 
Virus isolates of BHV-1 and BTV10 were revived 
in MDBK and BHK-21 cells, respectively. With the 
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appearance of obvious cytopathic effects (CPE), 
viruses were harvested and subjected to the end-
point dilution method of titration as described 
by Spearman and Karber19,20. Total nucleic acid 
(TNA) was extracted from virus isolates with a 
pre-determined titer, using magnetic beads-based 
MagMax TNA extraction kit (Thermo Scientific), as 
per the manufacturer’s instructions. 
 The 5’UTR of BVDV and partial S-segment 
of SBV of size 282 bp and 702 base pairs, 
respectively, were chemically synthesized 
commercially (Biotech Desk India) as virus isolates 
were unavailable in the laboratory. The synthesized 
genes were cloned into the pGEMT easy vector 
system (Promega, USA) as per the manufacturer’s 
recommendation followed by transformation into 
competent E. coli cells. Plasmids were extracted 
and quantified using a Qubit spectrophotometer 
and were used as positive controls. B. abortus 
strain available in the laboratory was revived on 
selective Brucella agar media and confirmed by 
PCR assay. 
 Various conditions such as annealing 
temperature, magnesium ion concentration, 
and primer concentrations were optimized 

for each pathogen with the positive controls 
to obtain a single amplicon. Then, a pool was 
prepared consisting of BHV-1 and BTV10 viruses 
in concentrations 2.1×103.5 TCID50 each and 
B. abortus 1010 CFU/ml. Synthetic gene vector 
constructs of BVDV and SBV (100ng each) were 
also spiked in the pool. The pool was serially 10-
fold diluted in 2% FBS EMEM media. Total nucleic 
acid extracted was tested with the multiplex format 
of primers with optimized conditions. Briefly, the 
reaction mixture was assembled in 0.2ml PCR 
tubes on ice, using One-Step RT-PCR kit (Qiagen, 
Germany) as per the manufacturer’s instructions 
with minor modifications. 10 X reaction buffer was 
mixed with 05 pmol of forward and reverse primers 
(Table 1), each and enzyme mixture. Magnesium 
chloride concentration was adjusted to 3mM final 
concentration followed by the addition of nucleic 
acid template. The amplification cycles were as 
follows; reverse transcription step at 50°C for 30 
min followed by initial denaturation at 95°C for 15 
min, 35 cycles of denaturation at 95°C for 15 sec, 
annealing at 60°C for 30 sec and extension at 72°C 
for 30 sec. A final extension for 10 min at 72°C was 
provided. 

Table 1. Primers used in the study

S. Primer  Sequence  Target  Gene PCR Reference
No. name organism   amplicon 
     size (bp) 

1 BVDV-1F GGGATCCGATTTAGCCATGC BVDV  5’UTR 204 Present study
 BVDV-1R TTTTCACCTGAACGACCCCC
2 BT_G01F GCTGCATTCGCATCGTACGCAGAAGC BTV Segment 10 459 Present study 
 BT_G01R AAACCTCGGGGCGCCACTCTACCTAC
3 SBV-S-FW TCAGATTGTCATGCCCCTTGC SBV S fragment  88 31
 SBV-S-RW TTCGGCCCCAGGTGCAAATC
4 BHV-gNF CAGCAGCTTTCCAACCGCCA BHV-1 UL49.5 gene 362 Present study
 BHV-gNR CGCAGCGTTGCGGTCAATCA
5 IS711- for CGTGTCTGCATTYAACGTAACC Brucella  IS711 gene  498 32
 IS711-rev TCCTCATTGWCAGCACCATATC

Table 2. Details of samples used for validation in this study

S.No. Pathogen   Stomach content Vaginal  Placenta Semen Nasal Total
  of aborted foetus Swab   Swabs

1 BHV-1 10 6 12 8 5 41
2 B. abortus 46 13 18 5 0 82
3 BVDV 1 3 15 0 0 19
4 BTV 0 0 0 0 35 35
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 Panel (n =211) of tissue samples/swabs 
consisting of BHV-1 (n =41), B. abortus (n =82), 
and BVDV (n =19) were processed. Positive 
and negative samples for above-mentioned 
pathogens were obtained from a sample repository 
maintained at the Center for Animal Disease 
Research and Diagnosis (CADRAD; IVRI, Bareilly, 
India). Additionally, nasal swab samples (n =35), 
positive for BTV from sheep were also included in 
the study. Details of these samples are presented 
in Table 2. The total nucleic acid was extracted 
from these samples and tested with the multiplex 
format of RT-PCR using optimized concentrations 
and conditions. The amplified products were 
resolved in 1.5% agarose gel. 
 Further, to develop a user-friendly 
and rapid method for performing one-step RT-
PCR assay, the reagents were freeze-dried with 
supplementation of 100mM trehalose (Merck 
Millipore) as stabilizer, as described by Sharma and 
co-workers21. The lyophilized mixture containing 
the constituents for the detection of all five 
pathogens; primer sets, reverse transcriptase and 
polymerase enzymes, and other PCR components 
were prepared. These components required 
reconstitution with 100µl nuclease-free water in 
each vial, before setting up the reactions. For a 

25µl reaction, 23µl of reconstituted reaction mix 
was mixed with 2µl of extracted TNA from the 
samples. The freeze-dried master mix was used for 
testing TNA extracted from samples of the above-
mentioned panel and the results were analyzed. 
 The lowest detection limit was estimated 
by spiking the known concentrations of BTV, BHV, 
and B. abortus in previously known negative 
placental tissues. For BVDV and SBV, known 
concentrations of plasmid were spiked in negative 
placental tissues. TNA was extracted as described 
above and subjected to amplification using 
lyophilized reaction mixture. 

Results
 The virus isolates of BTV-10 and BHV-1, 
available at the laboratory were revived in the 
cell culture system (Fig. 1(A)). BTV-10 was found 
to contain 3 × 104.5 TCID50/ml whereas the titer for 
BHV-1 was 4.4×107.5 TCID50/ml. B. abortus strain 
isolated from abortion consisted of 1010 CFU/ml. 
Since the confirmed isolates of BVDV and SBV were 
not available, a synthetic gene construct of size 282 
bp of 5´UTR of BVDV and 702bp of S fragment of 
SBV were chemically synthesized and cloned into 
pGEMT easy vector. 

Fig. 1. (A) Propagation of BTV10, and BHV-1 in BHK-21 cells and MDBK cells, respectively. BHV-1 and BTV-10 viruses 
showed characteristic CPE at 48-72 hpi. (B) Agarose gel (2%) for singleplexed and multiplexed amplicons of abortion 
causing pathogens. 1- 88bp SBV, 2- 204bp BVDV, 3- 362bp BHV-1, 4- 459bp BTV, 5- 498bp B. abortus, 6- 100bp 
DNA marker, 7- 88bp SBV; 204bp BVDV; 362bp BHV-1; 459bp BTV; 498bp B. abortus, multiplexed. 8- No template 
control for multiplexed PCR. (C) A representation of insertion of synthetic gene constructs for BVDV  5´UTR and 
SBV; S segment in pGEMT vector system.
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 Clearly, distinct bands of PCR amplicons 
were obtained in multiplexing format with the 
designed primers pairs at a common annealing 
temperature of 60°C and extension at 72°C for  
30 sec (Fig. 1(B)). 
 A panel of samples consisting of positive 
samples, as detected by OIE described method 
for each pathogen (Table 2) was used for the 
validation of the multiplex PCR developed in the 
study. A high degree of concordance was observed 
when the panel of previously known samples (n 
=211) was tested with the optimized method. 
Out of 41 positive samples for BHV-1, 39 (95.1% 
concordance) resulted in the amplification of 362 
bp amplicon with multiplex PCR whereas none 
other sample showed amplification (no false 
positive), indicating the high specificity of the 
assay with little lower sensitivity. Similarly, out of 
19 BVDV positive samples, 18 (94.7% concordance) 
resulted in amplification of 204 bp amplicon. 
All 82 B. abortus positive samples resulted in 
amplification of 498 bp (100% concordance) 
amplicon, however, one additional sample was 
also found positive which was considered as false 
positive (1.2% discordance). 
 Additional swab samples (n= 35) known 
to be positive for BTV were also tested with the 
developed multiplex PCR assay. All 35 samples 
showed clear amplification without any cross-
amplification with other pathogens (100% 
concordance) indicating the high specificity of 
the assay for BTV. However, no tissue samples 
obtained from aborted animals resulted in positive 
amplification. All the samples were found negative 
for SBV. The lowest detection limit by freeze-dried 
PCR assay was equivalent to 6 TCID50 for BHV, 5 X 
102.0 for BTV, 100 CFU/ml for B. abortus and 60fg 
each for SBV and BVDV. We also compared the wet 
reagent and freeze-dried reagent PCR mixtures 

with our panel of known samples. We did not find 
any differences while comparing the samples with 
wet reagents and lyophilized reagents (Table 3)

DisCussiON
 Apart from non-infectious causes, several 
pathogens are responsible for abortions in cattle 
and buffaloes4. Most of these pathogens cause 
abortion storms in the intensive form of animal 
rearing. In an un-organized sector, where only 
2-3 animals are reared per household, several 
pathogens are endemic and occasionally lead 
to abortions. Although careful clinical and post-
mortem observations may shortlist the tentative 
pathogens involved in the abortions, laboratory 
confirmation is a must to implement suitable 
mitigation measures. 
 Accurate and rapid diagnosis of the 
abortion-causing agents in bovines can prevent 
the huge economic losses incurred by the dairy 
industry. Nucleic acid amplification methods are 
considered as the most reliable and practical means 
for pathogen detection, especially when multiple 
pathogens are suspected. We regularly receive 
the samples for identification of pathogens in the 
cases of abortions, and the diagnosis is provided 
utilizing OIE recommended methods. However, 
we understand that rapid and user-friendly kits 
should be available to the resource-poor regionally 
located laboratories so that the time spends on 
transportation of samples can be utilized for early 
diagnosis and treatment. However, considering 
the lack of suitable infrastructure and trained 
manpower to carry out the real-time PCR assay, 
it was realized that user-friendly assay then real-
time PCR should be developed. Therefore, in this 
study, we developed a ready-to-use multiplex 
RT-PCR assay for simultaneous detection of five 
pathogens. Three, BHV, BVDV, and B. abortus are 

Table 3.  Analogy between the freeze-dried reagent and wet reagent multiplexed PCR reaction mixtures 

S. Pathogen   Total Multiplexed PCR  Multiplexed PCR results 
No.  samples results (using wet  (using freeze dried 
   reagent PCR mix) reagent PCR mix)

1 BHV-1 41 39 39
2 B. abortus 82 82 82
3 BVDV 19 18 18
4 BTV 35 35 35
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common pathogens responsible for abortions in 
most cases, whereas SBV and BTV are emerging 
pathogens associated with bovine abortions11,15. 
A set of the multiplex standard PCR-assay was 
developed for the detection of many bacterial and 
viral pathogens associated with bovine abortions 
by Tramuta and co-workers22. Over a period of 
time, a ready-to-use gel-based multiplex PCR 
assay for detection and typing of FMD at regional 
laboratories has significantly contributed in the 
control of FMD in India21. 
 The assay was developed such that the 
size of the PCR amplicon for each pathogen could 
be distinct, to avoid confusion in the agarose gel 
electrophoresis analysis. Therefore, new primer 
pairs were designed for BTV, BHV-1, and BVDV, 
whereas previously published primers for SBV and 
B. abortus were used (table 1). After verification 
of primer specificity, the assay was optimized for 
use in freeze-dried format. 
 Reagents such as polyethylene glycol 
(PEG) and glycerol are widely used for the 
preservation of PCR components. Also, trehalose 
has been proved as an excellent agent for the 
cryo-preservation of PCR reagents in the ready-
to-use format21. Therefore, in this study, we used 
trehalose (100mM) as a stabilizer. Lyophilization 
of PCR reagents not only reduces the complexity 
for use but also enhances the stability of reagents 
which is essential for the transportation of 
the reagents to distant laboratories. It also 
minimizes the cold storage cost as the lyophilized 
reagents can be stored at ambient temperature. 
Furthermore, lyophilization reduces the chances 
of contamination during step-wise preparations 
and as the necessary reagents are present 
in appropriate concentration in freeze-dried 
form, the errors due to improper wet reagent 
handling can also be reduced. Lyophilization did 
not compromise the analytical sensitivity of the 
assay. The lowest detection limit in placental 
tissue spiked samples for the freeze-dried PCR 
components were 6 TCID50 for BHV and 5 X 102.0 
BTV, 100 CFU/ml in B. abortus, and 60 fg of spiked 
plasmid which were comparable with the earlier 
studies where fresh master mix was prepared for 
PCR reactions23,24.
 The primers designed in the study 
resulted in specific amplification of targets 
without any cross specificity, which indicates 

their suitability for wider usage. However, further 
extensive validation (including inter-laboratory 
and field laboratory validation) is required before 
they can be accepted as universal primers.
 The genomic content of pathogens 
involved in abortions in bovines hugely varies. 
The genomic DNA of Brucella abortus can be 
isolated relatively easily when compared to viral 
pathogens such as BHV-1 in which capsid is largely 
glycosylated and genomic DNA is rich in GC content 
(~72%). Similarly, the genomic RNA extraction from 
BVDV and SBV is relatively simpler when compared 
to BTV in which double-stranded RNA genome 
is packed in multiple layers of capsids. Hence, a 
robust and reliable system of total nucleic acid 
extraction was required. We evaluated several 
kits including manual and column-based nucleic 
acid extraction methods. However, all these 
methods were found to suffer from one or other 
demerits such as time consumption or low yield. 
Magnetic beads-based kits offer a solution to this 
problem. The guanidium-based lysis buffer uses 
a proteinase-K solution which in presence of SDS 
efficiently lyse multiple complex protein capsids. 
These kits do not require high-speed refrigerated 
centrifuge and are much rapid in extraction as 
compared to manual methods. The reliability of 
these kits was assured by testing the large number 
of samples in the laboratory. 
 A high degree of correlation (0.95-1.0) 
was observed between the established methods of 
pathogen identification and the newly developed 
assay. A maximum level of correlation was 
observed for detection of B. abortus followed by 
BTV. Detection of a false positive in the case of B. 
abortus can be linked to laboratory contamination 
or handling error. However, one semen sample 
positive for BHV-1 was found negative in the 
newly developed assay. The PCR contaminants 
especially the high amount of zinc salts leads to 
variable results and the use of desalting columns or 
charcoal has been advised for semen testing25. All 
the swab samples positive for BTV resulted in clear 
amplification of BTV specific amplicon size and no 
cross-reactivity was observed. We emphasize here 
that OIE-recommended primers for the detection 
of BTV23 did not detect all the samples as several 
mutations have been inserted in the primer 
binding regions over a period of time. Hence, 
revision of primers for BTV detection is required as 
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OIE-recommended primers might not be applied 
universally. We also found that the specificity of 
multiplexed PCR using the lyophilized reagents was 
similar to PCR using the wet reagents.
 Although all the aborted samples were 
found negative for SBV and BTV, the sample size 
was too small to arrive at any conclusion. However, 
the capability of the multiplex PCR in the detection 
of multiple pathogens will help in screening further 
aborted content for the identification of emerging 
pathogens.
 Several reports have been published 
for rapid detection and characterization of 
abortion-causing pathogens26,27 and of which 
many assays have been developed in the multiplex 
format22,28. In addition, several isothermal 
and chromatography-based assays are now 
available for onsite diagnosis29,30. The potential 
of polymerase chain reaction (PCR) for the 
diagnostic purpose has been shown over some 
time. Multiplexing for simultaneous detection 
and typing of many pathogens in a single reaction 
is one of the advantages of PCR assay. However, 
PCR-based assays suffer with some limitations to 
adopt as an on-site assay. One of the limitations is 
the preparation of complex PCR reaction mixture 
and avoiding cross- contamination while setting 
up the reaction. Potential application of freeze-
dried based PCR reaction mixture has been 
demonstrated earlier for detection and serotyping 
of FMD virus21. Inclusion of freeze-dried positive 
controls removes the barrier to keep virus for 
positive control.

CONClusiON
 We conclude that the developed multiplex 
PCR assay for the detection of abortion-causing 
pathogens (BHV-1, BVDV, BTV, SBV and B. abortus) 
can be used in the field-based laboratory diagnosis 
as the ready-to-use, freeze-dried pre-mix for PCR-
based detection is rapid, sensitive, specific, and 
easy to use. 
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