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Abstract

A cross-sectional study was undertaken to validate the comparative efficacy of different
diagnostic tests commonly used for the detection of subclinical mastitis. The study was designed
to determine the specificity, sensitivity, and accuracy of common tests viz. California Mastitis Test
(CMT), Indicator Paper Method (BTB), Somatic Cell Count (SCC), and Electrical Conductivity (EC)
with bacterial culture as a standard, in parts of Bundelkhand region. Of the 411 samples, 295 were
found to be positive for subclinical mastitis on screening with either of the 4 methods routinely used
for the diagnosis of subclinical mastitis (SCM). The remaining 120 milk samples were negative for
SCM with all methods used. Individual test-wise percentage prevalence was 26.28, 44.53, 30.41,
and 41.85% respectively with CMT, EC, BTB, and SCC, respectively. On comparing the results
with the culture test, the present study confirmed the superiority of SCC based method for the
detection of subclinical mastitis. Correlating the EC results with SCC values avoids false results
with maximum accuracy.
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Mastitis refers to inflammation of the mammary gland due to infection during which,
the tissues and ducts in the secretary system of the glands become damaged by persistent and
opportunistic infection of microorganisms. The disease leads to increased economic burden
because of the associated costs in preventive measures, management and related changes in
qualitative as well as quantitative terms due to degradation of milk quality. Bovines are widely
used for milk production throughout the world and bovine mastitis is a major factor affecting milk
production. Of the two forms of mastitis viz., clinical and subclinical, subclinical mastitis (SCM) is
of greater concern due to the invisible health effects on the animals, where scientific monitoring
of animals, as well as farmers is quite significant in enforcing control measures. Adoptability of
tests as well as their sensitivity and accuracy are important factors to be taken into consideration
for the correct, rapid and real-time diagnosis of the disease to determine the course of treatment.
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Unfortunately, 20-25 per cent of the burden of
cases occur due to subclinical mastitis and is
neglected due to its invisible nature, inviting
delayed treatment in the present-day animal
husbandry sector. This burden might be much
higher in developing countries like India due
to the lack of data from the hinterlands and
local farms. Electrical conductivity of milk and
counting the somatic cells were considered
importantstrategiestodetectsubclinical mastitis
in previous studies (Hegde et al., 2013). The
authors also advised fine-tuning in SCC and EC
so as to limit the higher probability of positive
correlation between the coagulase-negative
staphylococci (CoNS) and somatic cell count.
The correct, specific diagnostic methods for
different agroclimatic regions may have greater
implications in identification, management, and
clinical course recommendation to control the
subclinical mastitis.

As per recommendations made by the
International Dairy Federation, Somatic Cell
Count is the recommended test with standard
as bacterial culture (Reddy et al., 2014),
but it is seen that varying results have been
obtained in previous studies and it is important
to determine the validity for the efficacy of the
tests concerning different agro-climatic regions
to establish the efficacy of field tests so these
could be used as a choice for rapid on-site
delivery of testing services. Considering this
approach, a study was designed to assess the
comparative efficacy of different detection tests
in parts of Bundelkhand.

Materials and methods

Milk samples were collected from
three districts of the Bundelkhand region i.e.
Jhansi, Jalaun, and Lalitpur. A preliminary
survey for subclinical mastitis based on history
and occurrence was conducted in Jhansi,
Lalitpur, and Jalaun Districts. Villages were
selected randomly. Fresh milk samples were
directly collected quarter-wise, except in a few
cases, where composite milk samples had
to be collected owing to difficulty in animal
handling. During sample collection, all sanitary
measures were considered as per the National
Mastitis Council, USA. Prior cleaning of the
udder with water followed by 70 per cent alcohol

was done before collecting milk samples. After
5 minutes, 10 ml of milk sample was directly
drawn into horizontally tilted falcon tubes to
avoid contamination due to skin shedding.
Each sample was assigned with a code number
for the owner of the animals. Milk sample for
California mastitis test was directly drawn into
the cups of CMT paddle to check mastitis status
on field. A thermocol box filled with ice packs
was used to transport the samples. Samples
were processed immediately for bacteriology,
SCC count and EC. The remaining milk sample
was stored at -80°C. All culture media and
supplements were purchased from Himedia
laboratories, Mumbai and reagents used were
of analytical and molecular grade.

Screening of subclinical mastitis in the
milk samples

SCC, CMT, EC, and BTB Strip-based
techniques were used to screen subclinical
mastitis in all the collected milk samples. The
procedure described by Galdhar et al. (2004)
was followed in the screening of bovine milk
samples for subclinical mastitis. CMT working
reagent is composed of anionic surface active
compounds (Teepol 0.5% (v/v) + NaOH 1.5%
(w/v)\) mixed thoroughly with an indicator dye,
bromothymol blue 0.01% (w/v). The results
of CMT was interpreted as in Table 1. The
immediate reaction leads to the formation of
gel and precipitation in positive samples. The
appearance of milk samples that tested positive
for mastitis was greenish due to alkalinity while
the increased number of leucocytes was
responsible for gel formation (Table 1).

Vliegher et al. (2012) showed the
variability in the type of infections for the
quarter. Sample collected from each quarter
was considered as individual samples. The
calculated sample size was considered for the
study following formula devised by Thrusfeild
(2005).

22*'Dexp (1—Pexp)
n= ,
fo I3

n=sample size needed z= a value at 95
per cent confidence interval=1.96 Pexp=
prevalence expected d= precision desired.
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Table 1. Interpretation Chart for California Mastitis Test in correlation with SCC count

Visible reaction CMT Score Interpretation SCC/ml
given
No change in milk 1 Negative <100000
Light precipitation 2 Trace b/w 1-200000
Clear precipitation, No gel formation 3 Weak +Ve b/w 2-400000
Solution thickens and gel formation 4 +Ve b/w 4-500000
A great increase in viscosity and strong gel 5 Strong +Ve >500000

Procured milk samples were
undertaken for the estimation of electrical
conductivity with a handheld instrument (Jyothi
Scientific Industries, Gwalior). EC=6.5mS/cm
was considered to mark the sample positive for
subclinical mastitis.

The freshly collected milk samples
were processed to estimate the number of
somatic cell count by direct microscopy method.
Direct screening of milk samples to determine
mastitis status by counting somatic cells was
done with Newmann'’s staining with microscopy.
The procedure described by Prescott and
Breed (1910) in general and used by Schalm
et al. (1971) was followed. Microscopic field
diameter seen through oil immersion lens
was measured up to two decimal points using
stage micrometer slide ruler in 0.1 to 0.01 mm.
Formula mir?2 was used to calculate the area of
the field. Milk pH was determined with a digital
pH meter supplied by Jyoti Scientific, Gwalior.
Standard buffer solutions of pH 4, 7.2, and 9.2
were used to calibrate the pH meter each time
before use. The somatic cell count includes
accounting for different inflammatory cells in
stained milk smear, which includes polymorpho-
nuclear (PMN) cells (including neutrophils,
lymphocytes, macrophages). The secretory
glandular desquamated epithelial cells were
also considered in SCC counting. The somatic
cell count >5 lakhs/ml, conventional criteria
was considered to declare the milk samples as
positive for subclinical mastitis.

Bacteriological culture of milk

Bacteriology related wet lab work,
biochemical characterization, and primary
bacteriological diagnosis were carried
out at the Department of Biotechnology,
Bundelkhand University Jhansi by culturing
milk samples on different generalized and
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selective bacteriological media according to
previous studies described by Collee et al.
(1996), with local modifications to adjust pH
and solidification. In accordance to Ericsson et
al. (2009), Samples positive for at least 3 cfu/ml
were considered as bacteriologically positive
for all bacterial genera. But the growth of a
single colony was considered positive in the
case of Staphylococci.

The purity and growth quantity of each
agar plate was determined and categorized as
abundant if, >50 cfu/ml, moderate 10-50 cfu/ml,
and mild, if it was less than 10 cfu/ml. Further,
bacteria were classified by colony morphology
and haemolysis characteristics. The further
classification was done by biochemical
characterization in accordance with Bergey’s
manual of determinative bacteriology based
on specific genera (Holt et al., 1994). Criteria
used in classification were based on colony
morphology following Hogan (1999). Media
plates found positive for three or more different
pathogens were considered as mixed cultures.

Results and discussion

Data for samples and the number of
samples found positive for subclinical mastitis
with different tests in different districts and
herds are presented in Table 2. Further, Table 3
reveals the comparative statistical significance
of the results obtained with these four tests by
using the analysis of variance.

California Mastitis Test

Out of total of 411 milk samples, 108
(26.27 per cent) samples were found positive
for subclinical mastitis. Recorded teat-wise
prevalence of subclinical mastitis was 25.97,
30.77 and 21.05 per cents in Jhansi, Jalaun,
and Lalitpur district, respectively.
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Table 2. Prevalence of subclinical mastitis (SCM) determined with different diagnostic tests

Sr. No Site No. of samples Number of samples found positive
- N0 collected cmMt | EcC | BB | sccC
Jhansi

1. Site-1 49 15 20 08 22

2. Site 2 54 13 23 16 24

3. Site 3 51 12 26 12 28

Total 154 40 69 36 74
Percentage @ | = ---- 25.97 44.81 23.38 48.05

Jalaun

4. Site 1 50 14 21 12 25

5. Site 2 40 12 22 20 15

6. Site 3 53 18 17 21 17

Total 143 44 60 53 57
Percentage @ | = ---- 30.77 41.96 37.06 39.86

Lalitpur

7. Site 1 30 08 18 16 13

8. Site 2 40 07 14 12 12

9. Site 3 44 09 22 08 16

Total 114 24 54 36 41
Percentage @ | = ---- 21.05 47.36 31.58 35.96
Grand total 411 108 183 125 172
Percentage @ | = ----- 26.28 44.53 30.41 41.85

Table 3. Comparison between the results obtained with different tests

N CMT EC BTB SCcC Total
9 9 9 9 36
>X 108 183 125 172 588
Mean 12 20.3333 13.8889 19.1111 | 16.333
> X2 1396 3823 1913 3552 10684
Std.Dev. 3.5355 3.5707 4.7022 5.7542 5.5549
Table of significance

Source SS df MS
Between-treatments 436.2222 3 145.4074 F=7.22771
Within-treatments 643.7778 32 20.1181
Total 1080 35

The f-ratio value is 7.22771. The p-value is .000777. The result is significant at p<.05.

Electrical conductivity (EC) measurement

Samples were categorised into two
groups based on EC values =6.5mS and
<6.5mS. EC value was found = 6.5mS for 183
(44.53%) samples and <6.5 mS for remaining
228 (55.47%) samples. An EC value greater
than 6.5mS was considered as standard to
declare the sample as positive for subclinical
mastitis. The recorded prevalence of subclinical
mastitis was 44.53 per cent with this method.

Indicator paper method (Bromothymol
Blue strip test)

Out of 411 samples screened for
SCM, 30.41 per cent (125) milk samples were
found positive for subclinical mastitis with BTB
strip test.

Somatic cell count (SCC) estimation

The number of cases of subclinical
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mastitis was more in semi-urban areas as
compared to rural areas. Based on total counts
of somatic cells, milk samples were divided
into 4 different groups i.e. 0-1, 1-2, 2-5, and
>5 lakhs cells/ml. It is recorded that 380 out
of 411 milk samples were found to show the
countable somatic cells in the range of 0-5
lakhs. Individually, 89,68, 82 and 172 samples
revealed SCC value inrange of 0-1, 1-2, 2-5 and
>5 lakhs/ml, respectively. Somatic cells could
not be determined in 31 samples, and these
were considered in the group 0-1 lakhs/ml.
Thus, conventional criteria showed the 41.85
per cent prevalence of subclinical mastitis.

Overall, 295 out of 411 samples were
found to be positive for subclinical mastitis
on screening with either of the four methods
of routine use in the diagnosis of subclinical
mastitis. The remaining 116 milk samples were
negative for SCM with all methods used. This
data revealed an overall prevalence of 71.78
per cent on considering all tests as valid.

The normal appearance of milk and
absence of visible signs in the mammary gland
tissue is the major barrier in the early detection
of subclinical mastitis (Mishra etal.,2018). SCM
creates a reservoir of microorganisms that act
as a source of infection to the other individuals
and help in the preponderance of clinical
mastitis (Thompson et al., 2014). More than 137
organisms belonging to different classes and
taxahave beenidentified as pathogens of bovine
subclinical mastitis, including bacteria, viruses,
fungi, algae, and mycoplasma (Watts, 1988).
Staphylococcus aureus has been considered
as the major causative agent (Verma et al.,
2017) but coagulase-negative Staphylococci
have been reported by many authors in different
countries as the most prevalent pathogen in
bovine subclinical mastitis e.g. Poland, Iran,
and India (Sztachanska et al., 2016; Chavoshi
and Husaini, 2012; Hegde et al., 2013). So the
objectives designed were in concurrence with
the studies with a focus on the Bundelkhand
region. A similar pattern of dominance of
Coagulase-negative staphylococci was also
found in our study.\ As most of these organisms
are commensals in human being, studies on
the impact of single species on bovine udder
health are possible only after the accurate
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identification of causatives agents (Zadocks and
John, 2011). Data presented in Table 2 reveals
the overall prevalence of SCM in the selected
region with 4 different tests viz., CMT, EC, BTB
strip and SCC with values 26.28, 44.53, 30.41
and 41.85 per cent, respectively. Reliability of
method based on SCC for the determination of
prevalence of subclinical mastitis is established
in previous studies (Hegde et al., 2013). The
international dairy federation also recommends
the SCC and bacterial culture-based diagnostic
test to detect mastitis (Anonymous, 1971). The
cut-off value of SCC count to consider the
animal positive for SCM varies from country to
country viz., 4x105cells/mlin New Zealand and
Australia, 5x10° cells/mlin Canada, 2x10° cells/
ml in Sweden, and 7.5x10° cells/ml in the USA.
However, no standard cut-off is prescribed in
India, so the cut-off value considered was 5x10°.
But National Mastitis Council, USA prescribes
all the above 4 tests for the detection of mastitis.
So, itis considered that no single test can detect
SCM with 100 per cent accuracy. Therefore, we
have used all four tests for prevalence studies.
Based on somatic cell count, the highest
prevalence of SCM was found in Jhansi district
with 48.05 per cent followed by Jalaun and
Lalitpur where prevalence was 39.86 and 35.96
per cent, respectively. Previously, a 42.85 per
cent prevalence of subclinical mastitis was
reported in Bidar, Karnataka (Ambika et al.,
2021) and 34.9-46.00 per cent in Dharwad,
Karnataka (Mahantesh et al., 2014). The
prevalence of bovine subclinical mastitis in
India and worldwide, was reported to be in the
range of 30-50 per cent (Sanotharan et al.,
2016; Mpatswenumugabo et al., 2017; Said et
al., 2018).

EC test for the detection of
subclinical mastitis is also recommended by
the International Dairy Federation. Based on
the EC test, the prevalence was found 44.81,
41.96, and 47.36 per cent, respectively for
Jhansi, Jalaun, and Lalitpur districts. The
recorded range was in accordance with SCC
but for the Lalitpur district, it was very high in
comparison to SCC-based prevalence results.
One of the reasons behind this disparity may
be the low sample size from the Lalitpur district.
Findings are in close agreement with Shabaz
et al. (2020) but lower than Jinu and Singh,
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(2020). The opening of alveolar junctions and
increase in permeability of capillaries due to
bacterial infections is responsible for higher
electrical conductivity followed by an increase
of secretion of high Na+, K+, and CI- into the
extracellular fluid. Ultimately level of these ions
is also increased in the milk of the infected
glands. EC test thus shows this increased ion
content in the milk samples of infected quarters
(Paudyal et al., 2020). A significant difference
was observed within the group (p<0.05)

CMTtestwasperformedinaccordance
with guidelines established by National Mastitis
Council, highest SCM prevalence was recorded
in Jalaun district (30.77%) followed by 25.97
and 21.05 per cent, respectively for Jhansi
and Lalitpur. Our results are in agreement with
studies done by different authors in various
parts of the country (Senthilkumar et al., 2020;
Karabasanavar et al. 2019; Swami et al., 2017).
Results produced with CMT may differ from
SCC-based prevalence determination (Iraguha
etal.2017).They reported lower prevalence fora
selected populationwith CMT testincomparison
to the SCC-based method in a similar study on
sensitivity comparison. BTB strip test-based
diagnostics reported the highest prevalence of
37.06 per cent in Jalaun followed by 31.58 and
23.38 per cent, respectively for Lalitpur and
Jhansi. Prevalence of mastitis based on CFT
differed from the cross-sectional study done in
2018 in Jhansi with partial and low sample sizes
(Singh and Kumar, 2018). Table 3 shows the
significant difference in prevalence determined
by all four tests (p<0.05). So none of the single
methods can be considered as reliable for
the determination of prevalence of subclinical
mastitis, But SCC was the only method that
is used as confirmatory evidence in previous
studies (Chakraborty et al., 2019; Iraguha et
al., 2017). So in the present investigation, SCC

Table 4. Bacterial isolation from milk samples

results were used to determine the ultimate
prevalence of subclinical mastitis in the selected
region which differed with the other 3 tests
viz. CMT, BTB and EC, significantly (p<0.05).
ANOVA revealed the significant difference in
prevalence reported from different sites and by
different methods also.

Bacterial isolation from milk samples

Studies on bacteriology of milk
samples completed by microscopy, total viable
count on nutrient agar and culturing on Cystine
Lactose electrolyte-deficient Agar (CLED) to
differentiate contaminants, mannitol salt agar
(MS) as selective for gram positive bacteria,
haemolysis studies on blood agar. Different
species of bacteria were categorized into
separate groups on the basis of microscopic
character sticks and colony morphology.
Collected milk samples were inoculated to the
McConkey agar and Blood agar base enriched
with 7% defibrinated sheep blood followed by
aerobic incubation for 24 to 48 hours at 37°C
with modifications to adjust pH, solidification.
Although, 41.58 per cent of samples were
identified as positive for subclinical mastitis,
all the samples were subjected to bacterial
isolation. Total 365 isolates belonging to
CoNS, S. aureus, Streptococcus sp., Bacillus,
Corynebacterium and E.coli based on
microscopic and cultural characteristics were
identified. Coagulase-negative staphylococci
(CoNS) and Staphylococcus aureus were found
to correlate with the pattern of somatic cell
count. The largest numbers of staphylococcal
isolates were recovered from the samples
showing SCC > 5 lakhs/ml. Three hundred
and sixty-five (88.8%) out of 411, samples
were found bacteriologically positive (Table
4). The bacterial counts on different media are
presented in Table 5.

llected number of Total number of

Place co ecs:;presbe ° CoNS CoPS gt:phslo:c?c;
Jhansi 154 49 19 68
Jalaun 143 48 12 60
Lalitpur 114 48 13 61
Total (Subclinical) 172 125 44 169
Clinical 15 02 Nil 02
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Table 5. Total bacterial counts on different media in cfu/ml.

SCM Status Source Nutrient agar | CLED Agar| McKonkey Agar MS Agar
SCM +Ve Buffalo 2.14x10° 9.55x10* 8.4x10° 1.65x10*
Cow 1.24x10° 7.57x10* 6.0x10° 1.14x10*
4 4 3 4
SCM Ve Buffalo 7.4x10 8.22x10 8.6x10 1.65x10
Cow 6.5x10* 5.25x10* 1.9x10° 4.8x10°

A total of 365 bacterial isolates were
identified by biochemical microbial culture
followed by biochemical identification. Standard
biochemical tests used for identification in the
study are in accordance with Bergey’s Manual
of Determinative Microbiology as adopted
by Collee et al., 1996. Centrifugation of all
the collected milk samples was carried out to
increase the probability of bacterial detection
as recommended previously (Lima et al,
2018; Jinu and Singh, 2020). Bacteria could be
isolated from 41.8 per cent of samples, which
was in the alignment of the results obtained
through somatic cell count followed by EC Test.
Mixed infections were found very common as
220 milk samples were found to infect with
more than one bacterial group.

Conclusion

Present study confirms the superiority
of SCC based method for the detection of
subclinical mastitis. Correlating the EC results
with SCC values may avoid false results
with maximum accuracy. SCC was found
most reliable diagnostic test but from point of
ease of doing on-field detection of SCM. EC
is recommended followed by confirmation
through SCC as evident from the findings of
this study. However, considering the zone to
zone variations, it is recommended to extend
the study to different climatic zones for specific
recommendations on grouping of the tests.
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