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Abstract

Mastitis is a prevalent and costly disease in dairy farms. This study compares routine in-
vitro microbial culture and real time PCR (rtPCR) in identifying mastitis causative agents.
The diagnosis of any intramammary infection is based on the identification of the infectious
agent and the time taken by the identification method plays an important role in disease
management. Out of 9,000 Holstein milking cows in the herd, eighty-three milk samples
were aseptically taken from cows with clinically verified mastitis in the first few months of
2019. The CHROMagar™ Mastitis kit was used in microbial culture for both gram-
negative and gram-positive bacteria, along with Edwards Medium HiVeg Base, Modified
Medium. On the other hand, the King Fisher™ Duo Prime Purification System, the Mag
MAXTM CORE Nucleic Acid Purification Kit, and VetMAYM Masti Type Kit were
utilized for each sample to conduct the rtPCR experiment a @

ved that rtPCR was more

were analyzed by the Chi-square tests. The ROC cur@

effective than the bacterial culture approach in a codpar alysis (chi-square = 0.27, P
= 0.59) and (AUC = 0.653). With its high ana cCclracy and potential for application
in regular bovine intramammary infecti@ rvices, the rtPCR assay is a highly

promising test. :

among dairy cows is intramammary inflammation, or mastitis.

A extraction. All data

1. Introduction

The most prevalent dise
Although producers in contémporary dairy farms have made significant efforts to reduce its
impact, mastitis is widely acknowledged to have negative consequences for animal welfare
and the profitability of dairy farms [1]. When mastitis strikes lactating animals, it results in
significant financial losses [2]. Bacterial infection, trauma, or injury can primarily cause the
sickness in cows (3). One hundred and forty different pathogen species, subspecies, and
serovars have been identified in mastitis milk samples [4]. These pathogens have been
classified as opportunistic, environmental, and contagious mastitogens. An abundance of
unfavourable factors, the most common of which are infections, can develop

simultaneously and overlap, resulting in dairy cow mastitis. Climate-related differences in
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species or breeds can affect the etiological agents of mastitis. This group encompasses a
variety of bacteria, including both Gram-positive and Gram-negative species, mycoplasma,
fungi, yeasts, algae, and viruses. We can categorize the pathogenic bacteria that cause
mastitis most frequently into two groups based on their origin: contagious pathogens
(Streptococcus agalactiae, Staphylococcus aureus, Mycoplasma spp., and Corynebacterium
bovis), and environmental pathogens (coliform bacteria and Streptococcus species other
than Streptococcus agalactiae). While infected mammary glands are the source of
infectious pathogens, the cow habitat is the source of ambient bacteria [5]. On the other
hand, mastitis is inflammation of the tissues in the udder brought on by a bacterial

infection, chemical irritation, or physical trauma [6].

Dairy cow mastitis is diagnosed based on clinical observatigns or direct or indirect

measures of the inflammatory response to infection; an @ gmmary infection is
diagnosed based on the identification of the infectious @? . In vitro bacterial culture
(BC) is a basic test for both the identification and 4§glati@ge@T infectious microorganisms.

To identify particular bacteria, fresh milk swabfs s'are grown in a particular medium.

The isolated organisms are then identifs gbiologically and biochemically [8].

Furthermore, both polymerase chain and BC have benefits and drawbacks
when it comes to diagnosing int@mantinary infections. Undoubtedly, identifying the

bacterial agent responsible for t ramammary infection can aid in developing

prevention and treatm e farm, ultimately contributing to a decrease in the

disease's incidence and lence [7]. On the other hand, rtPCR has more advantages than
traditional PCR and bacterial culture. Not only is it more sensitive and quicker, but it's also
safer for the environment and workers (no ethidium bromide is used), requires no post-
reaction handling (agarose electrophoresis), and produces better results through
visualization and digitization, allowing for data exchange and documentation with other
teams. When it comes to diagnosing mastitis pathogens, rtPCR sensitivity and specificity
can both approach 100%. Furthermore, by measuring the intensity of the fluorescence
produced by the reaction, rtPCR can be used to quantify pathogens in infected milk [9, 10].
Additionally, it is more accurate than conventional PCR at detecting any nucleic acid, even

at microconcentrations, and it can identify amounts above their limit. It is also possible to
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determine the type and stage of the infection. Its speed, sensitivity, and specificity are
therefore all greater than those of conventional PCR [11]. This indicates that it is the
recommended option for both molecular characterization and laboratory diagnosis [12]. A
comparison of the two approaches for detecting bovine mastitis bacteria revealed that the
rtPCR assay is superior to the standard culture technique in terms of speed, objectiveness,
result interpretation, and high sensitivity in bacterial identification [10]. Further, the rtPCR
assay can detect all typical mastitis bacteria that can be found in high concentrations in
clinical mastitis samples, including those that do not develop in traditional culture.

As a result, rtPCR is a promising non-conventional method for diagnosing mastitis that can

be applied in addition to standard methods. The rtPCR assay was used to provide a rapid

and precise method for the specific detection of Staph. ateus in cow's milk [12].
Consequently, multiplex PCR was found to be more effective @ )
approach in a comparative analysis conducted utilizin®s ples from patients with
subclinical mastitis. When used directly for the [uaige” of bulk milk samples, the
multiplex PCR subsequently demonstrated ful*target bacterial detection [13].
Additionally, when comparing the pathogegpsi rocess with multiplex PCR, the latter
was able to identify a greater number of s s flom the DNA recovered from milk samples
than was possible with traditional BC. Itfwas discovered that the created multiplex PCR

assay was easy to use, quick, @ nd specific for species identification of up to ten
il

bacteria at once. The elpful in differentiating between species, detecting

mastitis, and evaluating bacteriological safety of milk [13]. The gold standard for

diagnosing mastitis has lomg been BC [14]. The use of PCR-based assays, however, has
been proposed as a potential supplement to or replacement of traditional bacteriological
intramammary infection identification techniques [15, 16, 17]. Short throughput times, the
capacity to identify bacteria and antibiotic resistance genes objectively and independently
of the user, and the sensitive detection of growth-inhibited and dead bacteria are some of
the main arguments in favor of PCR assays [18]. Since 50% of clinical mastitis samples do
not exhibit bacterial growth in bacterial culture [19], and apart from the potential reduction
of false-negative outcomes, the use of PCR-based assays in identifying nonviable bacteria

would also improve dairy herd health [18].
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In regular test laboratories, the identification of mastitis pathogens from milk using
traditional culture methods may result in false positives for bacteria. For instance, the total
rate of incorrectly identified bacteria varied between 9 and 37% across the several mastitis
culture facilities, based on a European proficiency testing program [19]. The combination
of this low specificity and up to 50% of findings showing no growth in BC [20] makes it
extremely difficult to assess the genuine effectiveness of any new technology in
comparison to the standard procedure now in use. When it comes to traditional BC,
facultatively anaerobic species like Arcanobacterium pyogenes or Corynebacterium bovis
grow slowly or could need extra growth factors, while anaerobic bacteria do not grow on
standard media [19, 20]. This study was conducted to compare the conventional bacterial

culture with the rt-PCR technique in bacterial identification.

2. Materials and methods
2.1 Sample collection N@

Out of 9,000 Holstein milking cows in the herg samples were aseptically taken

from cows with clinically verified mastitis in e firsh few months of 2019. Three times a

day, the cow produced an average of 37 6’ k. Rhe three-step cleaning in place system

(CIP) for the milk line started with as Water rinse. Next, soda was added and heated

to 65 °C to 85 °C for seven t MiiggF inally, regular water was added and left for an
additional ten min. Next,.a wash with VVA4-nitric acid for 5 to 10 min at 40 °C to 60 °C,

followed by a normal

and paracetic acid sanitization at 35 °C to 55 °C. 10 ml
of milk, from the infectedfudder quarter, were collected and placed in sterile plastic tubes.

After that, they were immediately taken to the lab and kept in a refrigerator at 5 °C.
2.2 Bacterial culture

The CHROMagar™ Mastitis Kit is a commercial instrument designed to facilitate the quick
and easy identification of the primary bacteria responsible for mastitis infections. Gram-
positive bacteria, which include Staph. agalactiae, Staph. uberis, and Staphy. aureus, and
gram-negative bacteria, which include Escherichia coli, Klebsiella, Enterobacter,
Citrobacter, Proteus, Morganella, Providencia, Pseudomonas, and Candida albicans, are

housed in separate mediums, which make up this system. When a sample is infused into
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chromogenic media, distinct morphologies and color formations are produced for every
kind of chosen organism. The exam has a minimum time requirement of 20 hours, which
includes sample preparation [21]. On the other hand, Strep. agalactiae and other
streptococci linked to bovine mastitis were quickly and selectively isolated using Edwards
Medium HiVeg Base, Modified Medium [22]. All manufacturing instructions were

followed during the experiment.
2.3 DNA extraction and amplification

The King Fisher™ Duo Prime Purification System, the Mag MAX™ CORE Nucleic Acid
Purification Kit, and VetMAX™ MastiType Kit were utilized for each sample collected in
order to conduct the PCR experiment and extract DNA. After pipetting up and down
several times, 50 pl of Mag Max CORE Mastitis Panbacteria Solution was added to 200 pl

of milk and mixed for 5 minutes at room temperature. Thirty8seven minutes were spent

running the automated extraction procedure routine after add of Mag Max CORE
proteinase K (20 mg/ml). Once the plate is in the de\‘w "Mag MAX_ CORE_
DUO_ Mastitis." script. About eight minutes into .4 t paused. At that point, the
deep well plate was taken out of the apparatu ftePvortexing each well to allow the
milk samples to be digested, 720 pl of lyss Bead-Mix (Mag Max TM core lysis
solution 350 ul + Mag Max TM c digg sofution 350 pl + Mag Max TM core

magnetic beads 20 pl) was added. After tiat, the sample plate was put back into the device
to carry out the run. Applied Biosysieims VetMAX™ MastiType multiplex qPCR kits are
used in conjunction ied BiosystemsTM 7500 PCR apparatus, and all
procedures are carried o accordance with Thermo Fisher workflow recommendations.
Every DNA sample is analyzed in a different well, and the DNAs of 4 pathogens and an

internal amplification control (IAC) are uniquely identified in the same well.

First, we determined the number of required reactions in the mix preparation and scaled the
reaction components based on the quantities of each individual reaction before adding the
10% overage. Secondly, utilizing the master mix and primer mixes in adequately sized
microcentrifuge tubes, four separate PCR reaction mixes were generated (Table 1). Thirdly,
the tubes are sealed first, and then the solutions are combined by vortexing and rapidly
centrifuged to push the PCR reaction mixtures to the bottom of the tubes and eliminate air
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bubbles. To prepare the PCR plates, 15 uL of each PCR reaction mix were added into the
corresponding wells of an optical reaction plate. Then, in accordance with Table 2, the
sample and controls were added to the well. At this stage, optically transparent covers were
used to seal the plate, the contents were rapidly centrifuged to eliminate air bubbles and
settle the contents into the well's bottom, and the real-time PCR was carried out in

compliance with Thermo Fisher workflow instructions.

Statistical analysis: The Chi-square test and the ROC curve were used to analyze the data

by using SPSS software.

3. Results

From the milk samples (n = 83) tested using the rtPCR teSk, 80.72% showed positive

while the other 15

bacterial infection; 52 samples (62.65%) had multiple inf€
samples (18.07%) showed a single organism. On the ot dmusing the BC test, only 5
samples (6.02%) had multiple infections, while 3@37.35%) contained a single
organism, with a total of 43.37% positive i k0 ble 3). Table 4 shows that a
%, rtPCR out of 200 isolates, with an

apples of 2.99+£1.5. A maximum of 2 of

n

maximum of 6 isolates per sample were i

average number of isolates from the posi

41 isolates per sample were identified cterial culture, with an average number of
isolates from the positive BC .14+ 0.4. When comparing the two tests, the BC
yielded a positive predi ) of 83.3% and a very low negative predicted value
(NPV) of 21.3%, with a of 44.8% and a specificity of 62.5% (table 5) while the
1) indicated an AUC of 0.653. Although the PCR kits included

16 primers, only 12 tested positive (75%). These were Streptococcus spp. (50.6%). Of

ROC curve analysis (Figu

these, 94.7% of them were Strep. agalactiae (47.6%). They were followed by E. coli
(44.6%), Staph. spp. (39.8%), Corynebacterium bovis (7.2%), Enterococcus (6.0%), Strep.
dysagalactiae (4.8%), Klebsiella, Serratia, Staph. aureus, and Strep. uberis (3.6% each),
and Trueperella pyogenes (2.4%). Almost about one-quarter of these isolates carry the B-
lactamase gene (26.5%). On the other hand, BC tested positive for both E. coli and
Streptococcus spp. (19.2% each), followed by Streptococcus agalactiae (4.8%), Klebsiella
(2.4%), and lastly Enterococcus, Staph. aureus, and Strep. uberis (1.2% each). Mycoplasma
bovis, Mycoplasma, prototheca, and yeast were not detected by rtPCR nor by BC. The
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sensitivity and specificity of BC in identifying Strep. spp. were 23.8 and 85.4% (table 6)
and E. coli were 37.8 and 95.6% (table 7).

4. Discussion

In contrast to the BC test, the rtPCR result revealed that the following bacteria had higher
isolation frequencies: Strep. spp., Strept. agalctiae, E. coli, Staph. spp., - lactamase gene,
Corynebacterium bovis, Enterococcus, Streptococcus dysagalactiae, Klebsiella, Serratia,
Staph. aureus, Strep. uberis, and Trueperella pyogenes. This result may be due to the rtPCR
ability to detect even micro-nucleic acid concentrations. Further, rtPCR has a unique
method of detection, that helps to identify the B-lactamase gene, which is not applicable for
the BC. Additionally, out of 200 isolates, a maximum of six isolates per sample were

detected by real-time PCR, whereas only a maximum of two isolates per sample were

than the microbial culture.

This finding illustrates how accurate rtPC tifying many organisms that cause

rmore, rtPCR using the VetMAX™
MastiType Multi Kit requires only @ 0 get a result, whereas BC requires twenty

mastitis when compared to microbial ¢

due to chemical irritation or physical trauma [6, 2] or

it may be due to other org@flisms not present in the used rtPCR kit [4].

It has been noted that all common mastitis bacteria are present in high concentration in
clinical mastitis samples that fail to grow in traditional culture and that the rtPCR technique
is a useful tool for bacteriologically diagnosing these milk samples, despite the frequent
hypothesis that low bacterial concentrations account for the no-growth milk samples [11].
This finding may explain the results of 15 samples (18.7%) containing a single organism
and 52 samples (62.65%) containing multiple infections that were detected by real-time
PCR testing, while only 5 samples (6.02%) had multiple infections, 31 samples (37.35%)
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contained a single organism, and 47 samples (56.63%) tested negative, which was detected
by BC.

On the other hand, according to a European proficiency testing program, the overall rate of
incorrectly identified bacteria varied between 9 and 37% across the several mastitis culture
facilities [19]. This could potentially account for the results of E. coli, Staphylococcus
aureus, and Streptococcus spp. that tested negative by rtPCR but positive by BC and reflect
the role of rtPCR in false-positive detection.

Anaerobic bacteria do not grow on standard media, whereas facultatively anaerobic species

such as A. pyogenes or C. bovis grow slowly or may require d8gitional growth factors [19,

20]. Also, this can explain the non-growth of Corynebacteriu

Trueperella pyogenes, and Serratia in bacterial cultur i
PCR. \

The outcomes for the identification of t e gene were also favorable, as rtPCR
as ¥

identified 22 positive samples that B@ Ple to identify.

This result showed that the, real-time PCR assay has a high degree of analytical accuracy

detected by real-time

5. Conclusion

and can be used as a highly promising diagnostic tool for routine testing for bovine intra-

mammary infections.
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Table 1. PCR Amplification Component

O

Component Volume

1 Well N (1) Wells
PCR Reaction Mix Multi-1
Masti Type Master Mix 10 pL Nx 10 pL
Masti Type Multi Primer Mix 1 5uL Nx 5 uL
PCR Reaction Mix Multi-2
Masti Type Master Mix 10 pL Nx 10 pL
Masti Type Multi Primer Mix 2 5uL Nx 5 uL
PCR Reaction Mix Multi-3
Masti Type Master Mix 10 pL Nx 10 pL
Masti Type Multi Primer Mix 3 5 Nx 5 pL
PCR Reaction Mix Multi-4
Masti Type Master Mix pL Nx 10 pL
Masti Type Multi Primer Mix 4 pL Nx 5 pL

Table 2. Volumes of the R 0
mponent

Sample Type Volume Per Reaction
Test Sample Sample DNA 5uL
PC Masti Type Positive Control 5uL
MNC Nuclease Free Water 5L

Table 3. Sample distribution according to the number of isolates using PCR and BC

PCR BC
frequency % frequency %
Negative samples 16 19.28 47 56.63
Single organism 15 18.07 31 37.35
Multiple infection 52 62.65 5 06.02
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Total

83 100.0

83

100.0

Table 4. The number of isolates per sample using PCR and BC (N= 83)

Minimum | Maximum Sum Mean+SD
PCR 0.0 6.0 200.0 2.41+1.8
Bacterial culture 0.0 2.0 41.0 0.49+0.6
Table 5. Cross-tabulation between PCR and BC (%= 0.27 9)
-ve Total
6 36
Bacterial culture 83.3 16.7 100.0
(BC) 44.8 375 43.4
37 10 47
78.7 21.3 100.0
55.2 62.5 56.6
Total 67 16 83

Table 6. Strep. Spp. crosstabulation between PCR and BC

Strep spp. PCR
+Ve -Ve Total
Count 10 6 16
+Ve % within Strep spp. BC 62.5 37.5 100.0
Strep spp. % within Strep spp. PCR 23.8 14.6 19.3
BC Count 32 35 67
-Ve | % within Strep spp. BC 47.8 52.2 100.0
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% within Strep spp. PCR 76.2 85.4 80.7

Total Count 42 41 83

Table 7. E. coli. cross-tabulation between PCR and BC
E.coli. PCR | Total
+Ve -Ve

Count 14 2 16
E.coli. BC | +Ve % within E. coli. BC 87.5 125 100.0
% within E. coli. PCR 37.8 4.4 195

Count 23 43 66
-Ve % within E. coli. BC 34.8 65.2 100.0

% within E. coli. PCR 2 95.6 80.5

Total Count 45 82
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ROC curve comparing bacterial culture test with the PCR test (AUC =0.563)

Figure 1






