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ABSTRACT

Subclinical mastitis (SCM) is an asymptomatic worldwide udder infection that
results in substantial losses to the dairy industry. Our main objective was to
evaluate and compare the clinical performance of 4 commercially available
screening tests for diagnosing SCM. Foremilk samples were collected from 428
quarters of 107 apparently healthy lactating cows and buffaloes from El-Menofia
governorate from 2020 to 2022. Quarter somatic cell count (SCC) was estimated
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using the FOSS-BacSomatic® counter and the California Mastitis Test (CMT),
with SCM defined as SCC > 200,000 cells/mL. Milk pH was measured cow-side
using an AD11®pH-meter and BOVIVET® indicator paper. Bacterial cultures of
foremilk samples were used to diagnose SCM as a reference method based on the
isolation of the causative pathogens. The tests’ performance was evaluated by
calculating test sensitivity (Se), specificity (Sp), and accuracy at the optimal-cut-
point for each test. FOSS-BacSomatic® counter was the best-performing test for
diagnosing SCM (Se = 0.967, Sp = 0.943, accuracy = 0.957) at an optimal-cut-
point of >200,000 cells/mL. For comparison, CMT is the second best-performing
test at an optimal-cut-point of a non-negative score (Se = 0.892, Sp = 0.878,
accuracy = 0.887). The test performance of the AD11® pH-meter and BOVIVET®
indicator paper was fair, however, the AD11® pH-meter performed better than the
BOVIVET® indicator paper with Se = 0.807, Sp = 0.845, and accuracy = 0.822.
We concluded that the FOSS-BacSomatic® counter and CMT are considered
good tests for diagnosing SCM. On the other hand, milk pH doesn’t provide a
clinically useful method for diagnosing SCM. However, based on cost,
availability and analysis time, there doesn't seem to be a persuasive reason to
select the FOSS-BacSomatic® counter over the traditional CMT to diagnose
SCM.
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INTRODUCTION

Mastitis is a common inflammatory condition
of the mammary gland that results in
physicochemical alterations in milk along with
pathological changes in the glandular tissue
(Constable et al., 2017). Mastitis is classified into
two types: clinical and subclinical. Clinical mastitis is
identified by the presence of a visibly aberrant
secretion from one or more glands; abnormal
gland(s); or systemic alterations that may occur
depending on the severity of the inflammation. In
comparison, subclinical mastitis does not result in any
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visible changes, milk appears normal, and laboratory
testing is required to identify the presence of
inflammation. Mastitis, predominantly subclinical, is
a global problem that results in substantial economic
losses in the dairy sector (Kader et al., 2003;
Hussein et al., 2022); where it was reported to be
responsible for about 70% of the economic losses and
is a critical factor limiting milk output (Heleili et al.,
2012).

Mastitis causes  several compositional
changes in milk as a result of local inflammation,
glandular tissue damage, elevated leukocyte counts,
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and serum components that enter milk due to the
increase in blood-milk barrier permeability (Kitchen,
1981; Pyorala, 2003). These compositional changes
reflect the extent of physical damage to the udder
tissue. The damage to the blood-milk barrier leads to
the escape of blood and extracellular fluid
components into the alveolar lumen and reduces the
rate of milk production (Nguyen and Neville, 1998).
Blood and extracellular fluid components in inflamed
quarters combine with released milk (Zhao and
Lacasse, 2008), leading to the alteration of milk
components, including an increase in milk SCC and
pH, with the magnitude of the increase in these
parameters positively correlated with the severity of
the inflammatory process (Batavani et al., 2007;
Qayyum et al., 2016). Milk SCC is the predominant
indicator of udder health in lactating dairy cattle
(Constable et al., 2017). The SCM is defined by an
SCC cut-point of >200,000 cells/mL and is widely
used to identify the existence of inflammation in
response to infection with a sensitivity of 0.75 and a
specificity of 0.90 (Schepers et al., 1997; Breen et
al., 2009).

Various screening approaches based on
physical and chemical milk alterations are used to
diagnose SCM during lactation (Sharma et al.,
2010). One such approach is the CMT, a quick,
affordable, semi-quantitative screening widely used
cow-side test that has been used for over 60 years to
locate quarters with SCM (Schalm and Noorlander,
1957; Barnum and Newbould, 1961). The test
estimates the quantity of inflammatory (somatic) cells
in the milk, with higher scores being linked to an
increased probability and severity of SCM (Sargeant
et al., 2001; Dingwell et al., 2003a; Sharma et al.,
2010). Automated technologies for quickly assessing
milk SCC have recently become available. Counting
technology advancements have resulted in the
common use of high-capacity flow cytometric
counters with significantly enhanced performance in
modern milk testing facilities. One of the high-
capacity tools is Fossomatic, which uses a fluorescent
dye to stain cells before counting the number of
fluorescing particles. It can quickly determine the
SCC in large numbers of samples (Gonzalo et al.,
2003). Results for somatic cells are delivered within
1.5 to 2 minutes. Measuring milk pH may also offer a
useful diagnostic method for detecting quarters with
SCM. Currently, there are several low-cost point-of-
care devices available for measuring pH in different
biological fluids that can be used in milk for on-farm
or cow-side use (Kandeel et al., 2019). The relatively
low cost and portability of pH meters make them
potentially beneficial for on-farm use. Likewise, a
low-cost cellulose-based card test impregnated with
bromothymol blue is commercially available in the
Middle East as an SCM screening test. It is
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inexpensive and contains patented indicator dyes that
change colour according to the pH.

The microbiological milk culture is the gold
standard approach for identifying intramammary
infection (Sumon et al., 2017). However, the results
are not available for at least 24 — 48 hours. More than
a hundred different microbes have been isolated and
identified from bovine mastitis; Streptococci,
Staphylococci, and Gram-negative bacteria are the
most frequently isolated pathogens (Hussain et al.,
2013). Considering the pathogen source, mastitis can
also be categorized as either contagious, where the
pathogen primarily spreads between animals and
through milking equipment, or environmental, which
is caused by common environmental pathogens, that
are mostly found in faeces, dust, bedding material,
and flies such as E. coli (Wenz et al., 2006).

We hypothesized that measuring milk SCC
and pH using commercially available diagnostic tools
would provide clinically useful methods that help in
predicting the presence of Intramammary infection
(IMI) in dairy cows and buffaloes. We were
interested in addressing this hypothesis for two
reasons. First, the dairy industry coupled with a
societal desire aims to reduce the wuse of
intramammary antibiotics in food-producing animals
to prevent the emergence of antibiotic-resistant
bacteria. Therefore, finding a clinically useful test to
accurately identify and treat infected cows is a crucial
objective of mastitis control programmes. However,
identifying a practical, precise, objective, and
affordable method to determine the udder health
status of cows is still a challenge (Kandeel et al.,
2018). Second, WHO has issued guidelines for
developing diagnostic tests for infectious pathogens
in resource-constrained environments such as dairy
farms. Such tests must meet specific criteria,
including affordability, specificity, sensitivity, user-

friendliness, rapidity, robustness, equipment-free
delivery, and delivery anywhere, creating the
acronym "ASSURED" (Urdea et al.,

2006). Consequently, such diagnostic tests in such
settings should be both accurate and cost-effective
while having an immediate clinical impact.
Therefore, our study aims mainly to evaluate the
clinical performance of four commercially available
screening tests for diagnosing SCM. In addition, we
investigate the prevalence of SCM in dairy cows and
buffalo in EI-Menofia Governorate, Egypt.

MATERIALS AND METHODS

1. Animals, Housing, Feeding, and Milking
This study was conducted using convenient
milk samples from 107 native dairy cows and
buffaloes of different age groups (2 to 11 years old),
parties (1 to 8), and different stages of lactation
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(early, mid, and late). The study was performed on
cows and buffaloes in moderate and small animal
aggregations in the EI-Menofia governorate in Egypt
during the period from 2020 to 2022. Most of the
animals under study were in tie-stall barn houses, and
all were hand milked twice daily. Most hand milkers
have no routine for udder disinfection before and
after milking. Data including age, days in milk
(DIM), milk production, and parity were retrieved
from the farm or the animal owner.

2- Ethical approval

All methods were evaluated and approved by
the Benha University Institutional Animal Care and
Use  Committee  Research  Ethical  Board
(BUFVTM10-02-23).

3. Sample collection

A total of 428 foremilk samples from each
quarter were collected separately from 57 and 50
apparently healthy cows and buffaloes, respectively.
Disposable gloves were worn before touching the
udder. The teat end of each quarter was cleaned with
water and then disinfected with alcohol 70% (NMC,
1999), and 15-mL sterile milk samples were collected
in sterile polyethylene screw-capped, wide-mouth
falcon tubes by hand stripping after discarding the
first few streams of milk. The CMT and measuring
the milk pH using AD11® pH-meter and BOVIVET®
indicator paper were performed cow-side.

The milk samples were then stored in an ice
box and transported to the laboratory at Animal
Health Research Institute (AHRI) in EI-Menofia
governorate, where it is kept in a refrigerator (4 °C)
for performing other tests. About 7.5 mL was used
for further automatic somatic cell count (SCC) by
(FOSS-BacSomatic®) apparatus, while 7.5 mL was
brought to the laboratory within 2 hours after
collection for further bacteriological examination.

Each animal was examined physically
(including pulse, Resp. rate, body temp., superficial
lymph nodes, and ruminal movement) to determine
the presence of any systemic disorders. Udder and
milk were inspected and palpated for the detection of
any abnormalities, such as the cardinal signs of
inflammation or abnormal milk.

4. Milk Analysis for SCC
4.1. California Mastitis Test (CMT)

The CMT was performed beside the animal
according to Schalm and Noorlander (1957). In a
plastic vessel, two milliliters of milk sample from
each quarter was mixed with equal amount of CMT
(Schalm) reagent ( KERBL, Germany ) by gently
moving the paddle in a circular motion. The CMT
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reaction was visually scored using a 4-point scale
(negative, 1 positive, 2 positive, 3 positive) where we
considered the trace score as 1 positive, and the non-
negative score (>+ve) was used as a cut-point for
identifying infected quarter.

4.2. FOSS-BacSomatic® automatic counter
The FOSS-BacSomatic® automatic  cell
counter (FOSS, Denmark) was performed at the
laboratory of the Animal Health Research Institute
(AHRI) in EI-Menofia governorate according to the
manufacturer's manual and instructions
(www.FOSSanalytics.com). An optimal-cut-point of
>200,000 cells/mL was used to identify SCM.

5. Milk Analysis for pH
5.1. AD11® pH-meter

In this study, the milk pH was measured cow-
side using AD11® waterproof, pH-meter (Adwa,
Romania). The meter was calibrated at two pH points
with auto-buffer recognition and against five buffer
values. The AD11® pH-meter range is from 2 to 16
with a resolution 0.1 to 0.01 according to the
technical data of the manufacturer
(www.adwainstruments.com). The pH electrode was
dipped in the milk sample without exceeding the
maximum immersion level. The pH was recorded
after the reading had stabilized. An optimal-cut-point
of 6.6 was used to identify SCM (Kandeel et al.,
2019).

5.2. BOVIVET® Indicator paper (Card test)

The milk pH for each sample was
determined cow-side using the BOVIVET® Indicator
Paper (Kruuse, Denmark) according to manufacturer
instructions (www.kruuse.com). Milk from infected
quarters changes the color of the spot from yellow
(normal) into green or bluish-green. The change in
color was correlated with pH as follows; pH 6.6-6.7
pale-green, pH 6.8 moderate green, pH 7.1 green, pH
7.4 dark blue-green.

6. Milk culturing for pathogens isolation

Milk culturing was carried out in accordance
with National Mastitis Council (NMC, 1999)
recommendations except using a 100 pL aliquot
instead of the suggested 10 pL aliquot for better
identification of infected animals with low levels of
pathogen shedding. Milk samples were initially
drawn from freeze and incubated for 24 hours at
37°C. A 100 pL milk sample from each quarter was
streaked on Blood agar (Remel®, Lenexa, KS) and
MacConkey agar (Remel®) plates separately in a
manner that allowed the growth of separated bacterial
colonies. All plates were then incubated in an
inverted position at 37°C for 24 - 48 hr. The
microbiological results were recorded as colony-
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forming units (cfu) per mL of milk and the isolated
pathogens  were  identified  using  colony
morphological appearance, the pattern of hemolysis,
biochemical testing, including catalase and coagulase
tests, Gram staining reaction, and cell morphology
according to NMC (1999) recommendations.

7. Statistical Analysis

The study’s data were analyzed using
ANOVA and Turkey-Kramer HSD post hoc test
using SPSS statistical software. P < 0.05 was
considered significant. Subclinical mastitis was

defined as a milk culture of > 10 colonies/plate from
the 100-uL inoculum as gold standard test (Dohoo et
al., 2011). A somatic cell count of >200,000
cells/mL and a milk pH of 6.6 were used as cut-off
points for defining SCM (Kandeel et al., 2019).
Sensitivity, Specificity, Tests accuracy, True Positive
(TP), False Positive (FP), True Negative (TN), and
False Negative (FN) were also calculated (Jensen
and Kjelgaard-Hansen, 2006). The quarter served as
the analytical unit and test performance was
predicated on the assumption that sensitivity and
specificity were equally important.

RESULTS

The quarter prevalence of SCM in the examined milk samples using CMT is shown in Table (1). The
non-negative CMT reaction (one positive or higher) was the optimal cut-point used where the “trace” score was
considered with the first positive score as we were more interested in a higher test sensitivity than specificity. The
prevalence of SCM using the CMT test was 65.5% (n=280). The HR quarter showed the highest SCM prevalence
of 40% (n=112), and the most frequent CMT score reported was two positives “++ve” (42.9%; n= 120).

Table 1: Quarter-wise prevalence of subclinical mastitis using the California mastitis test

Test Quarter
Total
HR 112 (40%)?
HL 85 (30.5%)"
CMT FR 47 (16.8%)°
FL 36 (12.7%)°
Total 280 (65.5%)

Positive (%)
+ ++ +++
25 (22.3%) 48 (42.8%) 39 (34.8%)
16 (18.8%) 41 (48.2%) 28 (33%)
10 (21.3%) 19 (40.4%) 18 (38.3%)
9 (25%) 12 (33.4%) 15 (41.6%)
60 (21.4%) 120 (42.9%) | 100 (35.7%)

a,b,c: Different letters in the same column are significantly different (P < 0.001)

The quarter prevalence of SCM in the examined quarter milk samples using the FOSS-Bacsomatic®
automatic counter is stated in table (2). The prevalence of SCM using the FOSS-Bacsomatic® automatic counter
was 63% (n=269) distributed among different quarters with the HR quarter showing the highest prevalence
(33.5%; n=90). The SCC ranging from 400,000 — 750,000 cell/ml milk was the most frequently reported (40.8%;

n=110).

Table 2: Quarter-wise prevalence of subclinical mastitis using FOSS-Bacsomatic® automatic counter

Positive (%)
Test Quarter Total 200,000 — 400,000 — >”/75:),OOO
400,000 cell/ml | 750,000 cell/ml | CEIVM
HR 90 (33.5%)° 25 (27.8%) 37 (41.1%) 28 (31.1%)
5 FOSS;. o HL 72(268%)° | 20 (27.7%) 29 (40.3%) 23 (32%)
t acsgma Ic t FR 60 (22.3%)" 16 (26.6%) 25 (41.6%) 19 (31.6%)
automatic counter FL 47 (17.5%)° 13 (27.6%) 19 (40.4%) 15 (32%)
Total 269 (62.9%) 74 (27.6%) 110 (40.8%) 85 (31.6%)

a,b,c: Different letters in the same column are significantly different (P < 0.001)
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The quarter prevalence of SCM in the examined quarter milk samples using AD11® pH-meter is shown in
table (3). The prevalence of SCM using AD11® pH-meter was 60.7% (n=260), and the HR quarter showed the
highest prevalence (38.8%; n=101) and the highest reported pH range was 6.8 — 6.9 (40.3%; n=105).

Table 3: Quarter-wise prevalence of subclinical mastitis using AD11® pH-meter

Positive (%)
Test Quarter
Total pH 6.6 — 6.7 pH 6.8 -6.9 pH>6.9
HR 101 (38.8%)* | 25 (24.7%) 40 (39.7%) 36 (35.6%)
AD11® pH- HL 75 (28.8%)" 20 (26.7%) 30 (40%) 25 (33.3%)
meter FR 45 (17.3%)° 10 (22.2%) 20 (44.4%) 15 (33.4%)
FL 39 (15%)° 10 (25.6%) 15 (38.5%) 14 (35.9%)
Total 260 (60.7%) 65 (25%) 105 (40.3%) | 90 (34.6%)

The quarter prevalence of SCM in the examined quarter milk samples using BOVIVET® Indicator Paper
is shown in table (4). The prevalence of SCM for examined quarters was 58.2% (n=249) with the HR quarters
showing the highest prevalence (34.1%; n=85). The most frequently reported pH color was the green color “pH
7.17 (42.5%; n=106).

Comparison between the prevalence of SCM on a quarterly basis using different tests of interest,
sensitivity, specificity, and accuracy of each test are summarized in Table (5). Bacsomatic® automatic counter
showed the highest Se (96.7%) and Sp (94.3%) with a test accuracy of 95.7%. On the other hand, BOVIVET®
Indicator Paper showed the lowest Se (79.5%) and Sp (82.6%) with an accuracy of 80.8%.

Table 4: Quarter-wise prevalence of subclinical mastitis using BOVIVET® indicator paper

Positive (%)
Test Quarter Total Moderate green Green Dark bluish green
(pH 6.8) (pH 7.1) (pH 7.4)
HR 85 (34.1%)° 14 (16.5%) 44 (51.7%) 27 (31.8%)
BOVIVET® HL 72 (28.9%)° 21 (29.1%) 28 (38.9%) 23 (32%)
indicator FR 50 (20.1%)° 12 (24%) 18 (36%) 20 (40%)
paper FL 42 (16.86%)" 11 (26.2%) 16 (38%) 15 (35.8%)
Total 249 (58.2%) 58 (23.3%) 106 (42.5%) 85 (34.2%)

a,b,c: Different letters in the same column are significantly different (P < 0.001)

Table 5: Summary of the results analysis of the ability of California Mastitis Test (CMT), FOSS-
BacSomatic® automatic counter, AD11® pH-meter, and BOVIVET® indicator paper to predict
subclinical mastitis.

Test Prevalence | TP FP ™ FN Se Sp ACC(%""CV
FOSS-BacSomatic® | 269 260 9 150 9 ) . )
automatic counter | (62.9%) | (96.7%) | (3.3%) | (94.3%) | (5.79%) | 0770 | 943% | 95.7%
280 250 30 130 18 . . .
CMT (65.4%) | (89.3%) | (10.7%) | (87.8%) | (12.20) | 39-2% | 878% | 88.7%
o 260 210 50 142 26 ) . )
ADLLTpH-meter | 0700 | (80.7%) | (19.3%) | (84.5%) | (15.5%) | 2077 | 845% | 82.2%
BOVIVET® 249 198 51 148 31 0 0 o
indicator paper | (58.2%) | (79.5%) | (205%) | (82.6%) | (17.4%) | 0% | 826% | 80.8%

Sensitivity = True positive/ (True positive+ false negative) x100
Specificity= true negative/ (true negative+ false positive) x100
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The prevalence of SCM based on milk culture on a quarterly basis was 60.7% (n=260). The frequency of
isolated microorganisms in relation to positive samples was shown in table (6). Organisms were isolated in 260 of
428 (60.7%) quarter samples with E. coli, and Klebsiella Spp being the most commonly isolated organisms
(28.4% and 23.1%, respectively). Of the 428 quarter samples, contagious pathogens primarily Staphylococcus
aureus, were identified in 40 samples (9% of the quarter samples and 15.4% from the isolated pathogens), and
environmental pathogens were identified in 220 samples (51.4% of the quarter samples and 84.6% from the
isolated pathogens) and E. coli is the most isolated environmental pathogens (17.3% of the quarter samples and
33.6% from the isolated environmental pathogens).

Table 6: The prevalence of pathogens isolated from 428 quarter milk samples obtained from 107 dairy

cattle and buffalo.

* The table contains samples that have more than one type of isolated organisms (mixed infection) so

Prevalence Number Percentage (%)

Negative growth 168 39.3%

- 260* 60.7%
Positive 0ro wih 74 28.4%
Klebsiella Spp. 60 23-10?

Staphylococcus. aureus 40 15.38%
Staphylococcus. Vitulins 10 3.8%
Streptococcus spp. 22 8.4%
Proteus Spp. 19 7.3%
Coreanea 8 3.1%
Pasteurella Spp. 3 1.1%
Helcoccus kenzi 4 1.5%
Lactococcus spp. 6 2.3%
Aspergillus spp. 15 5.7%
Yeast 17 6.4%

the number of isolates may exceed the number of the total positive growth samples.

The correlation between SCC measured by Bacsomatic® automatic cell counter and different CMT scores
and pH values is shown in Fig. 1 and Fig. 2, respectively, where there is a positive correlation between SCC and
increase CMT scores (r = 0.85) and pH value (r = 0.328), where increased the probability of SCM is positively
associated with an increased CMT score using a cut-point of score > negative and increased pH value. The t-test

showed significance at p < 0.001.

CMT score

Fig 1: Scatterplot of the relationship between SCC measured by FOSS-Bacsomatic® automatic counter
and CMT score for 428 quarter milk samples from 107 dairy cows and buffalo. The diagonal solid

black line represents the line of identity.
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Fig 2: Scatterplot of the relationship between SCC measured by FOSS-Bacsomatic® automatic
counter and pH value measured by AD11® pH-meter for 428 quarter milk samples from 107 dairy
cows and buffalo. The diagonal solid black line represents the line of identity.

DISCUSSION

To our knowledge, this is the first study
comparing the clinical utility of the FOSS-
BacSomatic® automatic counter, CMT, AD11® pH-
meter, and BOVIVET® Indicator Paper as rapid
diagnostic tests for identifying SCM defined by the
isolation of the causative pathogens from quarter milk
samples of lactating cows and buffaloes in Egypt.
The primary findings of our investigation were that
the FOSS-BacSomatic® automatic counter showed the
highest sensitivity, specificity, and test accuracy
among the tested methods for diagnosing SCM
followed by the CMT. The clinical utility of using the
AD11® pH-meter for diagnosing SCM was only fair
as a clinically useful test. We therefore, concluded
that measuring SCC using the FOSS-BacSomatic®
automatic counter and CMT is a clinically useful
method for identifying subclinically infected quarters,
while determining milk pH is not a sufficiently
sensitive or specific method for detecting quarters
with SCM in lactating cows and buffaloes in Egypt.

The measurement of SCC in milk is widely
utilized as a means of assessing milk quality and
overall udder health. This is due to the positive
correlation between the number of inflammatory cells
present in milk and the existence of IMI (Schukken
et al., 2003; Green et al.,, 2004). As defined by
Berry and his colleagues (2007), SCC refers to the
concentration of leukocytes in milk that facilitate the
elimination of invading mastitis pathogens, as well as
the epithelial cells that are frequently shed from
alveolar tissue into milk and are described as "cells
per mL of milk".
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Our study showed that the FOSS-
BacSomatic® automatic counter is the most sensitive,
specific, and accurate method followed by
CMT. Similar results were published in an earlier
study (Badiuzzaman et al., 2015) where the
automatic cell counter was more sensitive (86.60%),
followed by CMT (80.08%). In another earlier study,
the sensitivity of the automatic cell counter was
88.60%, the specificity was 97.76%, and the accuracy
was 91.94% (Sharma et al., 2010). Lower results
were recorded in another study, as the sensitivity of
CMT and the automatic cell counter were 71% and
65.2%, respectively, while, the specificity was
75.75% and 78.78%, respectively (Reddy et al.,
2014).

The California  mastitis test is a
semiquantitative screening cow-side test that has been
used for more than 60 years and offers results within
one minute, despite the significant variation in SCC
within each CMT score. Our study showed good Se
(89.2%) and Sp (87.8%) of CMT using a threshold
reaction > +ve (i.e., any non-negative CMT score).
To achieve the highest sensitivity with acceptable
specificity, interpreting the CMT as negative or
positive can optimize its clinical usefulness in
diagnosing SCM. Throughout our entire study, the
CMT results were read by only one investigator.
However, the subjectivity involved in interpreting the
CMT results can cause different estimations of test
sensitivity and specificity when used by other
investigators (Kandeel et al., 2018). Several studies
have reported varying values for Se and Sp when
diagnosing mastitis or IMI at different lactation
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stages using the CMT. For example, Middleton et
al., (2004) found a Se of 50% and a Sp of 73% in a
US herd with a high bulk tank SCC, while Bhutto et
al., (2012) reported a Se of 87% and a Sp of 26% in
two English dairy herds. Kandeel et al. (2018a)
found a Se of 45% and a Sp of 56% in cows admitted
to a US Veterinary Teaching Hospital, while
Sargeant et al., (2001) reported a Se of 57% and a Sp
of 56% on day 3 of lactation in three North American
herds. Dingwell et al., (2003) found a Se of 82% and
a Sp of 81% for detecting IMI caused by a major
mastitis pathogen on day 4 of lactation. Godden et
al., (2017) reported a Se of 52% and a Sp of 71% in
early-lactation quarters and a Se of 63% and a Sp of
53% in late-lactation quarters.

However, our study showed results quite
similar to those of Brito et al., (1997), who used a
SCC of 200,000 cells/mL as a reference to indicate
IMI and found a Se of 79% and a Sp of 90%. More
recently, Kandeel et al., (2018) found a sensitivity of
95% at dry-off and 79% in fresh cows and a
specificity of 81% at dry-off and 95% in fresh cows
when using a CMT cut-point score of trace or higher.
The CMT test has several benefits, including high
sensitivity, accuracy, and simplicity. Moreover, the
presence of foreign substances, for example, hair or
other debris, does not affect the test's results
(Mohammed et al., 2019). The high SCC levels
recorded here may explain differences in
management  systems  between farms  and
intramammary infection that are in agreement with
other previous studies (Haltia et al., 2006; Almaw et
al., 2008; Minnat and Hammadi, 2015). These
variations might be assigned to the complex nature of
mastitis, which involves the interactions of various
factors such as management practises, environmental
factors, animal-related factors, and the causative
pathogen (Constable et al., 2017).

Our findings indicate that milk pH does not
provide a practical and useful screening tool for
identifying SCM in on-farm settings. The Se and Sp
for the AD11® pH-meter and BOVIVET® pH
Indicator Paper revealed moderate precision as
diagnostic methods for SCM. Since the CMT was
first introduced in 1957 (Marschke and Kitchen,
1985), the use of milk pH measurement as an on-farm
diagnostic test for SCM has fallen out of favour. This
is primarily due to the lower milk pH sensitivity for
detecting SCM, as shown in our study. The wide
range of milk pH values even in uninfected quarters,
coupled with the relatively small pH increase in
infected quarters, contributes to the lower sensitivity
of the test (Cherrington et al., 1933). This may be
attributed to the fact that, unlike blood pH, milk pH is
not tightly regulated, and subsequently, a greater
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variance or a higher fluctuation in milk pH is
expected even in healthy quarters. However, using
milk pH in combination with other diagnostic
methods, such as SCC, might improve its accuracy
and clinical utility in detecting subclinical infected
quarters. The exact physicochemical mechanism
underlying the increase in milk pH in infected
quarters has not been definitively determined yet,
however, applying the strong ion difference theory to
milk and taking into  consideration the
physicochemical models developed for plasma
(Constable, 1997) and urine (Constable et al., 2009),
it may be assigned to an increase in the concentration
differential between the primary strong cation
(sodium) and the sum of the main strong anions
(chloride and casein) in milk, which consequently
increases the strong ion difference (Bruckmaier et
al., 2004; Ogola et al., 2007).

The milk pH (excluding mastitic and
colostrum milk) is typically claimed to range between
6.4 and 6.8 (Schalm and Noorlander, 1957);
however, there was a positive correlation observed
between the pH of quarter milk samples and the CMT
score (Ashworth et al, 1967) as an indirect
estimation of milk SCC. Recommended pH cut-
points of >6.8 (Prouty, 1934) have been suggested to
diagnose SCM. However, another recent study
revealed an optimal pH cutpoint of >6.67 for cows at
dry-off and 6.52 for freshening cows for diagnosing
SCM wusing a pH meter with adjusted milk
temperature (Kandeel et al., 2019).

The performance disparity between the
AD11® pH-meter and the BOVIVET® pH Indicator
Paper in identifying quarters with SCM was
unexpected. The BOVIVET® pH Indicator Paper used
in this study employs the pH indicator "bromothymol
blue," which assigns a yellow colour as normal milk
pH. A change in the colour of the indicator paper
from yellow to green or bluish-green was considered
a positive SCM. The darker the colour, the higher the
milk pH which may be correlated to advanced SCM.
Bromothymol blue provides certain benefits over
CMT for diagnosing SCM, as it is considered more
objective since the changes in colour are easier to
notice than the changes in viscosity; it is not required
to mix equal proportions of reagents; and the test
result is accessible for recording even at a later time
(Marschke and Kitchen, 1985; Tawfik et al., 2014).

The prevalence of SCM (quarter basis) in our
study was 60.7% based on milk culture, however, it
varies from 65.4% to 58.2% according to the other
screening tests reported here. Similar results using
CMT were recorded by previous studies (Wahba et
al., 2005; Enany et al., 2007; Duguma et al., 2014;
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Badiuzzaman et al., 2015; Mureithi and Njuguna,
2016). A higher prevalence was obtained by other
studies (Hussein, 2012; Kamal et al., 2014). Other
studies reported a lower prevalence (Ayano et al.,
2013; Barua et al., 2014; El-Kholy et al., 2018).
Poor hygienic standards, suboptimal housing,
inadequate bedding, malfunctioning or improper
milking operations, and insufficient treatment
approaches may all contribute to the higher
prevalence of SCM among dairy animals (Sri Balaji
and Senthilkumar, 2017).

Our study revealed that the right hind (RH)
quarters showed the highest prevalence of SCM
among the infected quarters in the studied population.
On the other hand, the LF quarters showed the lowest
prevalence of SCM. Similar results were obtained
from earlier studies (Badiuzzaman et al., 2015;
Mohammed et al., 2019). Our results disagree with
another study that reported a higher prevalence of
SCM in the examined milk samples of LF quarters,
followed by RF, LH, and RH quarters, respectively
(Hussein et al., 2022). Other studies reported a
higher prevalence of SCM in the forequarters than the
hindquarters (EI- Kholy et al., 2018; Mourya et al.,
2020). The higher prevalence of SCM in the hind
quarters may be linked to the anatomical structure of
the udder (Donagh and William, 2005) and the
higher milk production of the hind quarters compared
to the forequarters (Lancelot et al., 1997).

The bacteriological examination showed that
the most predominant isolated bacteria are E.coli
followed by Klebsiella spp. and S.aureus. A previous
study reported that over 80% of cases of coliform
mastitis are attributed to E.coli (Fahim et al., 2019).
However, our result is higher than that reported
previously by Abd El-Fattah et al., (2023). The
frequency of E.coli infections could be linked to
unsanitary practices at the farms, including
inadequate cleaning, faulty drainage, manure disposal
issues, insufficient washing of the udder, inadequate
pre-milking drying, using unclean washing towels,
and the failure to apply post-milking teat dipping
(Ayano et al., 2013).

In our study, the primary isolated contagious
pathogen was S. aureus. Staphylococcus aureus is the
most  significant  contagious  mastitis-causing
pathogen, with a high level of penetration, that forms
deep-seated foci in the infected glands (Ranjan et al.,
2011). This can lead to significant problems and a
financial impact on dairy cattle (Dego et al., 2002).
The high prevalence of S. aureus in our study may be
attributed to several factors, including poor hygienic
practices (especially of milkers' hands) before and
during milking, a lack of post-milking teat dipping,
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failure to cull animals with chronic infections, and the
lack of dry cow therapy in many dairy herds (Abebe
et al., 2016). Eradication programs that rely on
treatment strategies using antimicrobial agents and
appropriate herd management to limit the incidence
of new infections can successfully reduce mastitis
caused by Streptococcus spp. (Reyes et al., 2015).
These microorganisms pose a public health risk to
humans, besides affecting animal health and the
economy.

We reported here the most frequent
scores/results of each of the investigated screening
tests, however, we did not investigate if they is
related to the most often isolated pathogens in our
study. Therefore, further studies are required to
investigate if there are associations between certain
screening test results/scores and specific pathogens.

CONCLUSION

The obtained results showed a relatively
high prevalence of SCM among dairy cows and
buffalo in EI-Menofia governorate, with E. coli as the
predominant isolated organism. The FOSS-
BacSomatic® automatic counter followed by CMT are
reliable screening tests for detecting SCM. However,
by comparison, the CMT test is most easily
performed cow-side and on the farm and requires
about 1 minute to obtain a result at a lower estimated
cost. The CMT, when used cow-side with a cut-point
greater than negative, had higher test sensitivity and
specificity than milk pH.
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