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Robustness of Mycobacterium Bovis Determination Using Fast
and Simple qPCR Assay

Avo Karus, Virge Karus
Estonian University of Life Sciences, Institute of Veterinary Medicine and Animal Sciences,
The Chair of Food Science and Technology, Kreutzwaldi 62, Tartu 51006, Estonia

Keywords: food safety; Mycobacterium bovis; gPCR; Assay robustness

Abstract. Most of the acute intestinal diseases are caused by food-borne pathogens. The robustness
of gPCR-based fast and simple procedure for food safety detection of Mycobacterium bovis (M. bovis)
DNA using EvaGreen real-time PCR for LightCycler was evaluated. Tm calling and Cp were used for
analysis of PCR products. Tm calling showed better performance than Cp-based calculations for near
limit of detection (LoD) positive samples. The studied gPCR M. bovis assay showed good sensitivity
and excellent robustness, which allows using this assay during emergency or when this method is rarely

used.

Introduction

The frequency of outbreaks of food-borne
infection cases worldwide is still extremely high
(Fleckenstein et al., 2010; Postollec et al., 2011).
Food pathogens are commonly found in the intestines
of healthy food-producing animals, and can be
transmitted to humans through contamination of the
food chain. Mycobacterium bovis, a member of the
Mycobacterium tuberculosis complex pathogen group
(MTBC), is responsible for both bovine tuberculosis
(bTB) in cattle and zoonotic tuberculosis (TB) in
humans (Collins et al., 2022). The transmission
of M. bouis is possible in a number of different ways,
involving mechanisms such as respiratory secretions,
environmental contamination, and consumption of
contaminated food. Historical data indicate that in
Europe among all bacteriologically confirmed TB
cases the median proportion of M. Bovis or M. Caprae
infections was 0.4% (range 0%—-21.1%) (Miiller et
al., 2013). Beyond direct health consequences, bTB
has significant global economic implications in both
developed and developing countries (Waters et al.,
2011; Smith et al., 2006). The notable risk of M. bovis
transmission through drinking contaminated milk
is in places where pasteurization is not mandatory
(Smith et al., 2009).

Thus, a strict control of the whole food chain
aimed to enforce contamination detection measures
is required. Molecular methods for the detection
and identification of food pathogens have significant
benefits as compared to traditional methods due
to speediness, sensitivity, specificity and accuracy.
On the other hand, they often require dedicated
instrumentation, highly trained personnel, and
higher labour costs. Emerging molecular techniques
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are widely using isothermal amplification instead of
temperature cycling like PCR but PCR still remains
the most used one. All of these claims are valid for
both beneficial and pathogenic bacteria (Severgnini
et al., 2011; Josi¢ et al.,, 2016). The advantage of
molecular methods is their universal character, i.e.,
most of them can be used on different platforms —
capillary instruments, plate instruments or micro-
arrays or can be easily adapted to them (Fukushima
et al, 2007, 2010). There are two mainstreams in
development of new PCR-based methods. One is
multiplex qPCR with a simultaneous amplification
of several microbes in a single reaction (Karus et al.,
2017; Cremonesi et al., 2014). In this approach, the
primer sets are designed with a similar annealing
temperature but significantly differentiating melting
temperatures of amplicons to distinguish between
amplicons following thermal cycling (Karus et al.,
2017; Zhao et al., 2014). Performing a multiplex
assay instead of several singleplex analyses might
reduce the total costs for testing (Binnicker, 2015).
Still, multiplex methods are more complex. Thus,
they are less robust and usually need well trained
personnel to perform. Another approach is to identify
different pathogens in different capillaries or PCR
plate wells. This eliminates the possible effect of
competition, and the primer concentration can be
higher and sensitivity can be better. There are also
mixed methods available (tandem-PCR) where the
short conventional multiplex PCR is followed by
nested single-well target amplification using qPCR
(Ginn et al., 2017). All of these methods can be
used in food safety as well as in clinical (human and
veterinary medical) settings depending on sample
material. Although PCR can reach high sensitivity
and specificity, its introduction for routine detection
has been frequently hampered by a lack of robustness
(Van der Wolf et al., 2001).

The objective of the present study was to revise the
analytical sensitivity and test the Mycobacterium bovis
detection assay robustness on unexperienced users.
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Such an analysis can be used to analyse any kind of
food, including but not limited to milk, cheese, meat
products and any animal origin novel food (Karus
and Karus, 2018). However, the outbreaks of M. bovis
are not frequent, that means that this test is not used
widely in routine and, thus, the robustness is crucial
if this assay should be implemented in a limited
time period. The aim of the study was to investigate
whether the involvement of non-proficient users
impacts the outcomes of analysis and to identify
potential limitations in PCR-based assays under such
circumstances.

Materials and methods

Samples and primer design

The concentration of M. bovis genomic DNA
used for reference target strains varied from 1.0 till
1.9 ng/pL. Bacterial strains and accession number of
target genes of isolated genomic DNA and primer
sequences are listed in Table 1. Primers for real-time
PCR amplification were designed using PRIMER
EXPRESS (ver. 3.0). Primer pairs were ordered from
Tib-MolBiol (Germany) and tested for EvaGreen
assays on LightCycler 2.0” (Roche Diagnostics GmbH,
Switzerland) using 5x HOTFIREPol® EvaGreen”
qPCR Mix Plus(Capillary) with 7.5 mM MgCl, ready-
to use mastermix (Solis BioDyne, Estonia). Samples
were prepared using isolated bacterial DNA and NA-
free water from Roche Diagnostics (Germany). No
real food samples were used.

EvaGreen PCR assay

Quantitative PCR reactions followed by melting
curve analysis were performed in a final volume of
20 pL. Capillaries content is given in Table 2. The
reaction mix was prepared immediately (up to 30

min) before the run. Tenfold dilutions of the target
genomic DNA were tested to determine the fair
amount of template DNA detected by the assay (PCR
sensitivity). The used testing thermal profile and full
analysis protocol are given in Table 3.

In total, 38 positive samples with initial content
of MB nucleic acids from 1E-9 g to 8E-9 g and 29
negative samples were performed by 2 proficient, and
in total 63 fully instructed, users, who had no hands-
on (first time) experience in qPCR. Two experienced
laboratory technicians analysed one positive and one
negative sample in each run in parallel to ensure the
comparability of results.

Tm calling was performed at A 530 nm using
LightCycler480 SW1.5.0.

Results

Analytical sensitivity

The analytical sensitivity in testing was identified
by analyses of tenfold dilution series of bacterial DNA.
The 95% hit rate was calculated from log(g/analyse):
hit rate plot at 5.6E-11 g (Figure 1) according to a hit
rate calculated from positively identified amplification
products by Tm calling. Tm of M. bovis in this assay
was 84.32°C (sd 0.08°C).

User dependent assay robustness

To analyse the potential effect of a laboratory
technician, we involved non-skilled personnel and
made the analyses on different days, different runs
and involved total of 63 persons for the analyses.
Every non-skilled person prepared and performed
only one sample and one analysis of a sample with
blind content to avoid any effect of manual training
or sample content concern.

The results show that all (100%) positive samples

Table 1. Reference target bacterial strain and primers designed using PRIMER EXPRESS (ver. 3.0)

Species Strain Gene target Primer forward Tm
GGGTCAAGCTCGACGTTGA 58°C
Mycobacterium bovis DSM 43990 hsp Primer reverse Tm
CGGTGGTCCGTTTGGAACT 58°C
DSM - strains obtained from the Deutsche Sammlung von Mikroorganismen und Zellkulturen, Braunschweig
(Germany)
Table 2. Reaction mix content
C V (uL) C final
MM 5x 4 1x
Primer f 5 pmol/pL 1 250 nM
Primer r 5 pmol/uL 1 250 nM
Sample (DNA template) 5
H,O total 9
TOTAL 20
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Table 3. qPCR program

Program Name Hotstart

Cycles 1 Analysis mode None

Target (°C) Acquisition mode Hold (hh:mm:ss) Ramp rate (°C/s) Acquisitions (per °C)
95 None 00:15:00 20.00

Program Name Amplification

Cycles 45 Analysis Mode Quantification

Target (°C) Acquisition mode Hold (hh:mm:ss) Ramp rate (°C/s) Acquisitions (per °C)
95 None 00:00:05 20.00

60 None 00:00:14 20.00

72 Single 00:00:31 20.00

Program Name Melting

Cycles 1 Analysis mode Melting curves

Target (°C) Acquisition Mode Hold (hh:mm:ss) Ramp rate (°C/s) Acquisitions (per °C)
75 None 00:00:10 20.00

95 Continuous 0.15 5

Program Name Cooling

Cycles 1 Analysis mode None

Target (°C) Acquisition mode Hold (hh:mm:ss) Ramp rate (°C/s) Acquisitions (per °C)
40 None 00:00:15 20.00

Hit rate vs log(M bovis NA content)
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Figure 1. Hit rate vs log (M. bovis NA content g)

were finally identified as positive by melting curve
analyses (Tm calling, Table 4). This is important, as the
lowest content for analyses was near LoD, only one ng
per reaction. To detect possible cross-contamination,
a number of negative samples were analysed on all
runs together with different concentration positive

samples, and no cross-contamination was detected.

Tm calling versus quantiftation (Cp calculation from
an amplifeation curve by 2" derivative Max)

In robustness of the assay, we evaluated the hit
rate by the 2" derivative max calculation of an
amplification curve in PCR cycling. The Tm calling
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Table 4. Summary of robustness study based on Tm

Table 5. Summary of robustness study based

calling on Cp value
Target g Target g
. N positive | N negative Hit . N positive | N negative Hit
Reaction | N tested M bovis M. bovis rate Reaction | N tested M bovis M. bovis rate
0 29 0 29 0% 0 29 0 29 0%
1.00E-09 11 11 100% 1.00E-09 11 8 3 73%
2.00E-09 11 11 100% 2.00E-09 11 11 0 100%
4.00E-09 12 12 100% 4.00E-09 12 12 0 100%
8.00E-09 4 4 100% 8.00E-09 4 4 0 100%
Total 67 38 29
allows finding all positives by non-trained users, but Discussion and conclusions
not using simple Cp (quantification analyse, Table It is generally accepted (Amagliani et al., 2006)

5). This shows how important it is in such analyses
not to rely only on Cp values, but also perform the
melting curve analyses although this is mostly done
for positive samples to prove the specificity of analysis
by amplified product Tm.

Examples of quantification and melting curve
analyses are given in Figure 2 and Figure 3.

The sensitivity calculations using Cp values were
lower as LightCycler Software was not able to calculate
Cp-values of low concentration samples and showed a
status of “> - Late Cp call (last five cycles) has higher
uncertainty”.

that prevention of food-borne disease basically
depends on surveillance and prompt identification
of pathogens in food products. The major advantage
of the current molecular method is simplicity, short
time necessary to obtain the results and the robustness
of an assay. To ensure better analytical sensitivity,
we increased the sample volume to 5 uL compared
to earlier protocols (Karus et al., 2017). This might
be also relevant to compensate of pipetting errors in
technicians. The limit of detection of our method is
close to other latest methods with another target of M.
bovis in singleplex qPCR analyses (0.01 ng M. Bovis
BCG DNA) (Zeineldin et al., 2023). A crucial step
for molecular assessment of microbial communities
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Figure 2. Example of amplification curves of EvaGreen assays in a robustness test by unexperienced users
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Figure 3. Example of melting curves of EvaGreen assays in a robustness test by unexperienced users

is the selection of a gene or genetic marker that can
be used to differentiate a wide variety of organisms
(Justé et al., 2008). Usually, the specificity of assays is
ensured by using hydrolysis or hybridization probes
(Severgnini et al., 2011). Indeed, any of all additional
chemistries, even the most widely used TagMan®
chemistry, will increase significantly the costs of
an assay. Several real-time PCR assays for a single
reaction have been developed for the detection of
the pathogens of our interest, and the trend has been
moving towards strategies for a rapid identification of
more than one pathogen through the development of
multiple analysis platforms (Fukushima et al., 2010;
Cremonesi et al., 2014). However, this trend does not
improve the robustness of assays. Our results in M.
bovis qPCR tests show that simple methods can be
robust and have a good sensitivity when Tm calling is
used. Analyses based on Cp values may cause caution
due to the possibility of false negative results, but
software also warns about late Cp, and, thus, prevents
pathogen misdetection. Lazaro-Perona et al. (2021)
showed lately, during Covid-19 pandemics, the
importance of the method robustness (unexperienced
user effect in nucleic acids purification), but also, that
robust methods can be implemented quickly and
efficiently (Lazaro-Perona et al., 2021).

There are still several concerns and limitations
due to several risks in M. bovis analysis in real
potential outbreak conditions by less experienced
technicians. Efficient DNA extraction from complex
matrices (such as food) can be challenging. Inhibitors
present in food samples may affect PCR efficiency.
Molecular methods can be highly sensitive, but
false negatives can occur due to low bacterial load
in samples or inhibitory substances. In our study,
we did not find any cross-contamination, but when
the target concentration is extremely high, there is

still a danger of getting false positive results by cross-
contamination of a sample itself or purified DNA by
less trained technicians. Handling of live M. bovis
poses also health risks. Proper inactivation methods
are essential to protect laboratory personnel. Biosafety
precautions are essential. These precautions will not
diminish the importance of robustness of methods.
In opposite, there is no guarantee that there is always
enough laboratory capacity or no fully automated on-
site testing methods available.

The real-time PCR assay described in this study
has the potential to be a fast-screening assay for M.
bovis enabling simultaneous processing of many
food samples. Because the assay development does
not include the sample preparation steps, the only
prerequisite is to obtain good quality (good purity and
sufficient concentration) purified DNA samples from
various matrixes and can also be used for HACPP
(analysing surfaces, etc) risk analysis, or other goals.
It showed excellent performance even if used by
63 non-experienced technicians. This means that
the assay does not require highly skilled molecular
biology specialists to implement it, but requires only
careful following of good laboratory practice. This
assay may be used for accurate and rapid diagnosis
of food-borne outbreaks as it has the potential to be
used in routine diagnostic laboratories providing a
simple, fast, cheap and sensitive alternative method to
culture-based or TagMan qPCR methods, especially
if there is a need to implement this method quickly.

Acknowledgements

This work was supported by a EULS baseline
funding for supporting the activities related to the
project 27.01.2022 no 1-27/2. We thank all first year
veterinary medicine students who participated in this
study.

Veterinarija ir Zootechnika 2024;82(1)



18

Avo Karus, Virge Karus

10.

11.

References

Amagliani G., Omiccioli E., Campo A., Bruce 1.J., Brandi
G., Magnani M. Development of a magnetic capture hy-
bridization-PCR assay for Listeria monocytogenes direct
detection in milk samples. ] Appl Microbiol. 2006. 100(2).
P. 375-383.

Binnicker M.J. Multiplex molecular panels for diagnosis of
gastrointestinal infection: performance, result interpretation,
and cost-effectiveness. J.Clin.Microbiol. 2015. 53:3723-3728.
Doi:10.1128/JCM.02103-15.

Collins A.B., Floyd S., Gordon S.V., More S.]. Prevalence
of Mycobacterium bovis in milk on dairy cattle farms: An
international systematic literature review and meta-analysis.
Tuberculosis. 2022. V.132. 102166 https://doi.org/10.1016/j.
tube.2022.102166.

Cremonesi P, Pisani L.F,, Lecchi C., Ceciliani F., Martino P,
Bonastre A.S., Karus A., Balzaretti C., Castiglioni B. Devel-
opment of 23 individual TagMan® real-time PCR assays for
identifying common foodborne pathogens using a single set
of amplification conditions. Food Microbiol. 2014. 43(Octo-
ber 2014). P. 35 - 40.

Fleckenstein J.M., Bartels S.R., Drevets P.D., Bronze M.S.,
Drevets D.A. Infectious agents of food- and water-borne ill-
nesses. Am | Med Sci. 2010. 340(3), P. 238-246.

Fukushima H., Katsube K., Hata Y., Kishi R., Fujiwara S.
Rapid separation and concentration of food-borne pathogens
in food samples prior to quantification by viable-cell counting
and real-time PCR. Appl Environ Microbiol. 2007. 73(1). P.
92-100.

Fukushima H., Kawase J., Etoh Y., Sugama K., Yashiro S.,
lida N., Yamaguchi K. Simultaneous screening of 24 target
genes of foodborne pathogens in 35 foodborne outbreaks us-
ing multiplex real-time SYBR green PCR analysis. Int ] Mi-
crobiol. 2010. doi:pii: 864817. 10.1155/2010/864817.

Ginn A.N., Hazelton B., Shoma S., Cullen M., Solano T.,
Iredell J.R. Quantitative multiplexed-tandem PCR for direct
detection of bacteraemia in critically ill patients. Pathol-
ogy. 2017. 49(3):304-308. doi: 10.1016/j.pathol.2016.10.014.
Epub 2017 Feb 24. PMID: 282384.

Josi¢ D., Petkovic J., Bunci¢ O., LepSanovi¢ Z., Pivi¢ R., Rasi¢
Z., Kati¢ V. Typing of indigenous campylobacter spp. From
Serbia by m-PCR and RAPD. Acta Veterinaria. Beograd.
2016, 66 (2). P. 203-213.

Justé A., Thomma B.P,, Lievens B. Recent advances in mo-
lecular techniques to study microbial communities in food-
associated matrices and processes. Food Microbiol. 2008.
25(6). P. 745-761.

Karus A., Ceciliani E, Bonastre S.A., Karus V. Development
of simple multiplex real-time PCR assays for foodborne path-
ogens detection and identification on LightCycler. Mac Vet

Received 23 January 2024
Accepted 29 April 2024

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Rev. 2017. 40 (1): 53-58. http://dx.doi.org/10.1515/macve-
trev-2017-0010.

Karus A., Karus V. Food research opportunities and challeng-
es: methods in food safety and functional food development:
areview. 1. LULST. (Research for Rural Development). 2018.
211-214. DOI:10.22616/rrd.24.2018.033.

Lazaro-Perona F, Rodriguez-Antolin C, Alguacil-Guillén
M., Gutiérrez-Arroyo A., Mingorance J]., Garcia-Rodriguez
J. Evaluation of two automated low-cost RNA extraction pro-
tocols for SARS-CoV-2 detection. PLoS ONE. 2021. 16(2):
€0246302. https://doi.org/10.1371/journal.pone.0246302.
Miiller B., Diirr S., Alonso S., Hattendorf J., Laisse C.J.M.,
Parsons S.D.C., van Helden P.D., Zinsstag ]. Zoonotic My-
cobacterium bovis—induced Tuberculosis in Humans. Emerg-
ing Infectious Diseases. 2013. 19(6). 899-908. https://doi.
org/10.3201/eid1906.120543.

Postollec F, Falentin H., Pavan S., Combrisson J., Sohier D.
Recent advances in quantitative PCR (qPCR) applications in
food microbiology. Food Microbiol. 2011. 28(5). P. 848-861.
Severgnini M., Cremonesi P, Consolandi C., De Bellis G.,
Castiglioni B. Advances in DNA Microarray technology for
the detection of foodborne pathogens. Food Bioproc Tech.
2011. 4. P. 936-953.

Smith N.H., Gordon S.V., de la Rua-Domenech R., Clifton-
Hadley R.S., Hewinson R.G. Bottlenecks and broomsticks:
the molecular evolution of Mycobacterium bovis. Nature Re-
views Microbiology. 2006. 4(9). P. 670-681.

Smith N.H., Crawshaw T., Parry |., Birtles R., Dale J. Myco-
bacterium bovis in domestic and wild mammals from a UK
urban setting. Epidemiology and Infection. 2009. 137(10). P.
1503-1511.

Van der Wolf .M., van Beckhoven J.R.C.M., Bonanats P.J.M.,
Schoen C.D. New technologies for sensitive and specific rou-
tine detection of plant pathogenic bacteria. In: de Boer SH
(ed) Plant pathogenic bacteria. Kluwer. Dordrecht. 2001. P.
75-77.

Waters W.R., Palmer M.V., Thacker T.C., Davis W.C., Sree-
vatsan S. Mycobacterium bovis in vitro growth characteristics
of isolates from animals in the United States: implications for
response to vaccination and in vitro testing. Clinical and Vac-
cine Immunology. 2011. 18(12). P. 2128-2133.

Zeineldin M.M., Lehman K., Camp P, Farrell D., Thacker
T.C. Diagnostic evaluation of the IS1081-targeted real-time
PCR for detection of Mycobacterium bovis DNA in bovine
milk samples. Pathogens. 2023. 12(8). 972. DOI: 10.3390/
pathogens12080972.

Zhao X., Lin C-W.,, Wang J., Oh D.H. Advances in Rapid
Detection Methods for Foodborne Pathogens. J.Microbiol.
Biotechnol. 2014. 24(3). P. 297-312.

Veterinarija ir Zootechnika 2024;82(1)



