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Four subclinical mastitis diagnostic tests (the UdderCheck® test [a lactate dehydrogenase-
based test], the California Mastitis Test [CMT], the Draminski® test [a conductivity-based test]
and the PortaSCC® test [a portable somatic cell count-based test]) were compared in a study
comprising crossbreed dairy cows (n = 30) during September and October 2015. Sensitivity
and specificity of the CMT, Draminski® and UdderCheck® tests were compared with the
PortaSCC® as reference. The CMT, Draminski® and UdderCheck® test results were compared
with the results of the PortaSCC® test using kappa statistics. Duplicate quarter milk samples
(n = 120) were concurrently subjected to the four tests. Sensitivity and specificity were 88.46%
and 86.17% (CMT), 78.5% and 81.4% (Draminski®) and 64.00% and 78.95% (UdderCheck®). The
CMT showed substantial agreement (k = 0.66), the Draminski® test showed moderate agreement
(k = 0.48) and the UdderCheck® test showed fair agreement (k = 0.37) with the PortaSCC® test
and positive likelihood ratios were 6.40, 4.15 and 3.04, respectively. The cow-level subclinical
mastitis prevalence was 70%, 60%, 60% and 56.7% for PortaSCC®, CMT, Draminski® and
UdderCheck® tests, respectively. At udder quarter level, subclinical mastitis prevalence was
20%, 21.67% and 20.83% for PortaSCC® CMT and UdderCheck®, respectively. A correlation
(P < 0.05) and moderate strength of association were found between the four tests used. The
study showed that compared to the PortaSCC® test, the CMT was the most preferable option,
followed by the Draminski® test, while the UdderCheck® test was the least preferable option
for subclinical mastitis screening.

Introduction

Mastitis is a complex and multifactorial disease characterised by inflammation of the milk
producing parenchyma of the udder and is regarded as the most expensive disease of dairy
animals (Bogni et al. 2011; Sudhan & Sharma 2010). Mastitis may be either clinical or subclinical
(épakauskas, Klimien¢ & Matusevicius 2006). The severity of mastitis depends on the nature of
the causative pathogen as well as the age, immunological health and lactation status of the cow
(Viguier et al. 2009). Subclinical mastitis is the inflammation of the mammary gland that does not
create visible changes in the milk or of the udder (Langer et al. 2014). Although the milk appears
normal, cows with subclinical intramammary infections (IMI) produce less milk and with
compromised quality (Salvador et al. 2014). Clinical mastitis is characterised by visible changes in
the udder and in milk (Reddy et al. 2014). Subclinical mastitis can lead to a 10% — 20% decrease in
milk production. In addition, it has an undesirable effect on the constituents and nutritional value
of the milk, rendering it of low quality and less fit for processing (Fernando, Spahr & Jaster 1985;
Iraguha, Hamudikuwanda & Mushonga 2015). As there are no visible abnormalities in the milk,
subclinical mastitis requires special diagnostic tests for detection (Bogni et al. 2011; Salvador et al.
2014). The importance of early detection of mastitis, and in particular subclinical mastitis, is
critical (Chagunda et al. 2006).

Identification of intramammary pathogens found in milk is the gold standard for the diagnosis
of mastitis. However, this is time-consuming, costly and of limited applicability under field
conditions (Rodriguez et al. 2009; Viguier et al. 2009). According to the International Dairy
Federation (IDF) recommendations, microbiological status of the quarter and the somatic cell
count (SCC) are the most common tests to detect changes in the milk because of an inflammatory
process (Sudhan & Sharma 2010).

According to Langer et al. (2014), there are several direct and indirect tests that can detect
subclinical mastitis. Field tests (cow-side tests) include the California Mastitis Test (CMT), the
modified white side test (MWT), the bromothyl blue card test, determination of electrical
conductivity, the chloride estimation test, the modified Aulendorfer mastitis probe test (MAMP),
inline monitoring of SCC and infrared thermography (Kamphuis et al. 2008). Laboratory tests
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include N-acetyl-p-D-glucosaminidase (NAGase), enzyme-
linked immunosorbent assay (ELISA) (Polat et al. 2010) and
acute phase protein determination in milk and in serum
(More 2009). Models based on mastitis indicators are now
also available (Chagunda et al. 2006). Most of these tests are
preferred as screening tests because they are easy to use and
they yield rapid as well as satisfactory results (Leslie et al.
2006). Faye and Saleh (2011) have used the CMT, SCC
determination and pathogen identification for mastitis
diagnosis in Dromedary camels.

According to Langer et al. (2014), there appears to be
compatibility between the results of SCCs and the Draminski®
test. In their study, the SCC detected 64.4% of subclinical
mastitis in cows, while the Draminski® test detected 59.0%.
Sharma, Pandey and Sudhan (2010) reported that the
sensitivity of the CMT, the sodium lauryl sulphate (SLST) test
and the SCC compared to cultural was 86.07%, 74.63% and
88.60%, respectively, while specificity was 59.70%, 17.16%
and 97.76% with a percentage accuracy of 75.52%, 51.64%
and 91.94%, respectively. Positive predictive values (PPVs)
for the same tests were 76.21%, 57.47% and 98.33%, while
negative predictive values (NPVs) were 74.07%, 31.08% and
84.52%, respectively. Although pathogen identification in
milk samples is the gold standard for diagnosing mastitis
(Langer et al. 2014, Rodriguez et al. 2009), Salvador et al.
(2014) used SCC (Fossomatic counts) in their study to
evaluate the performance of a portable somatic cell counter
(PortaSCC®). Salvador et al. (2014) reported 94.12% and
87.30% sensitivity and specificity to identify subclinical
mastitis using the PortaSCC® test. Based on the PortaSCC®
test properties and its capability to rapidly provide results,
Salvador et al. (2014) argued that the PortaSCC® test could be
used as an alternative for the laboratory-based cell counter in
evaluating milk samples from herds in remote areas under
Philippine field conditions.

Milk SCC is a diagnostic parameter for subclinical mastitis
(International Dairy Federation 1999). A SCC level below
100 000 cells/mL is accepted to represent a healthy quarter.
According to some sources (International Dairy Federation
1971; PortaCheck 2011), SCC levels > 200 000 somatic cells per
mL of milk are considered to indicate subclinical mastitis
(Salvador et al. 2014). Other countries consider SCC levels
>300 000 indicative of subclinical mastitis (Pitkald et al. 2001).
In yet other areas like Europe, New Zealand and Australia,
cases of subclinical mastitis were diagnosed when SCC was
> 400 000 cells/mL of milk (Hameed, Sender & Korwin-
Kossakowska 2007). Still other countries such as Canada
and South Africa consider a mastitis case when SCC is
> 500 000 cells/mL (Giesecke & Van den Heever 1974;
Hogeveen 2005; Sharma, Chhabra & Sindh 2012; Sharma,
Singh & Bhadwal 2011; Van den Heever & Turner 1976).
Therefore, mastitis should be detected in a reliable and timely
manner based on SCC values; otherwise, subclinical mastitis
could develop into a clinical disease (Sharma et al. 2011). In
this study, a cut-off SCC value of > 500 000 cells/mL was used
as in reports from South Africa and Canada. In general,
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management practises and conditions in Rwanda are similar
to those in South Africa even though Musanze district has a
high altitude, high precipitation levels and relatively low
temperatures.

There is a paucity of information on results that compare
various mastitis screening and detection tests; yet mastitis
tests are commonly used in Rwanda. The objective of
this study was to compare the specificity, sensitivity and
PPVs of four commonly used field-based diagnostic tests
(PortaSCC®, CMT, Draminski® and UdderCheck®) for
detection of subclinical mastitis in cattle.

Materials and methods
Study area

This study was carried out in Musanze district,
Northern Province of Rwanda (1°30'6.94"S; 29°37'59.75"E
at 1850 m a.s.l.) during September to October 2015. The
majority (91%) of the human population in Musanze district
is engaged in agriculture and there are three active milk
collection centres (MCCs).

There are two wet seasons in Musanze district, the first
of which is from February to May and the second from
September to November. Average precipitation ranges
between 1000 mm and 1200 mm annually. Average
temperatures vary between 17.8 °C and 21 °C. Musanze
consists of volcanic, lateritic humus-bearing and clayey soils
(http:/ /www.musanzedistrict.gov.rw).

Data collection

A convenience sample of 30 cows from 7 dairy farms
was used in this study. The cows were examined by a
veterinarian; no clinical signs of disease were detected and
the cows were considered to be healthy. Udders and quarters
of cows were physically examined to rule out clinical
mastitis. All cows were reared in Musanze and were
3-7 years of age. The cows were not tested for any diseases.
A duplicate of udder quarter milk samples was tested for
the presence of subclinical mastitis using the PortaSCC®,
CMT, Draminski® and the lactate dehydrogenase-based
UdderCheck® tests. Prior to collection of milk samples, the
udder and teats were examined visually and then palpated
to detect fibrosis, cardinal signs of inflammation, swelling
of supra-mammary lymph nodes, visible injury, abscesses,
tick infestation and atrophy of the tissue. The udder and
teats were cleaned with water and dried using paper towels.
The teat orifice and the skin around the teat were wiped
with cotton soaked in 70% alcohol. About 5 mL of the first
milk was milked into a strip cup to detect clinical mastitis.
Then direct milk samples from the teats were systematically
subjected to PortaSCC® CMT, LDH-based UdderCheck®
and Draminski®. For PortaSCC® test, using a pipette, four
drops of the sampled milk of each teat were well added to
the test strip sample, and then three drops of activator
solution were added to the strip. Evaluation was performed
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after 45 min using a digital reader (PortaCheck 2011). The
CMT test was conducted as described by Quinn et al. (1994),
where a squirt of milk from each quarter of the udder was
placed in each of the four shallow cups of the CMT paddle
and an equal amount of the CMT reagent was added, and
then gentle circular motion was applied in a horizontal
plane. The UdderCheck® test was conducted according to
the method described on the UdderCheck website (http://
www.uddercheck.com). Milk was squirted onto a test strip
and after 2 min was compared to a colour chart as described
by the manufacturer. For Draminski® test, about 15 mL
of milk was stripped into a Draminski® cup previously
disinfected using methylated spirits, and the milk discarded
after a reading appeared on the liquid crystal display (LCD)
panel of the Draminski® apparatus as described (Draminski
1989). The process was repeated for each teat, with care
being taken to avoid contamination of the teats. At the end
of the process, the on/off button was pressed again, and the
LCD displayed readings for the four teats/quarters. The
readings were then recorded for each cow. Interpretation of
results was based on inter-quarter variations, as described
(Draminski 1989).

Results were recorded for individual udder quarters, right
front (RF), right hind (RH), left front (LF) and left hind (LH)
for the PortaSCC®, CMT and UdderCheck® tests considering
that a quarter presenting one case of subclinical mastitis was
considered as subclinical mastitis positive, whereas results
for Draminski®was interpreted and recorded based on inter-
quarter variations, as described (Draminski 1989).

Data analysis

In this study, a cut-off SCC count of > 500 000 cells/mL was
used to indicate subclinical mastitis.

A two-by-two table reflecting the results of the CMT and
UdderCheck® tests was generated. The tests were compared
for their ability to detect the prevalence of subclinical mastitis
using Chi-square analysis and strength of association tested
using Cramer’s V statisticc. Where there were significant
associations, further comparisons of test pairs were conducted
using Chi-square analysis. The results of the PortaSCC® test
were used as the reference (previously validated by Salvador
et al. [2014]) in the calculation of the test properties of the
CMT and UdderCheck® tests. Sensitivity and specificity of
CMT and UdderCheck® and their respective confidence
intervals (CIs) were calculated using mid-P 95% CI. The
agreement between the results of the two tests was evaluated
using kappa statistics. The interpretation of the kappa
results was based on the proposal of Landis and Koch (1977).
Kappa statistics and their interpretation are as follows:
poor (< 0.00), slight (0.00-0.20), fair (0.21-0.40), moderate
(0.41-0.60), substantial (0.61-80), almost perfect (0.81-1.00).
The sensitivity, specificity, disease prevalence, likelihood
ratios and the predictive values of the CMT and UdderCheck®
tests were calculated and compared with those of the
PortaSCC® test (used as reference test). For the Draminski®
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test, interpretation of results was based on inter-quarter
variations, as described (Draminski 1989).

Results

Cow-level subclinical mastitis prevalence was 70%, 60%,
60% and 56.7% for the PortaSCC®, CMT, Draminski® and
UdderCheck® tests, respectively (Table 1), while quarter
subclinical mastitis prevalence was 20%, 21.67% and 20.83%
for PortaSCC®, CMT and UdderCheck®, respectively (Tables 2
and 3). The prevalence of subclinical mastitis did not differ
(P < 0.05) among the tests (Tables 4 and 5). The prevalence of
subclinical mastitis detected by the CMT and UdderCheck®
tests showed significant, moderately strong associations with
that from the PortaSCC® test (Table 4), while the Draminski®
test had significant, moderate strength of association with the
CMT and UdderCheck® tests (Table 5). Subclinical mastitis
prevalence, which was determined using the CMT test, also
had a significant (P = 0.004), moderate strength (Cramer’s
V' =0.522) association with that from the UdderCheck® test.

A two-by-two table comparing results of the PortaSCC® test
and the Draminski® test showed an unweighted kappa value
of 0.48 (+ 0.07); a positive likelihood ratio of 4.15 and a
negative likelihood ratio of 0.31.

Further statistical analysis of the results in Table 2 showed an
unweighted kappa value of 0.66 (+ 0.06); a positive likelihood
ratio of 6.40, a negative likelihood ratio of 0.13 and a disease
prevalence of 21.67% for the CMT at quarter level.

TABLE 1: Mastitis prevalence using different tests.

mcc Number of Number of Number of % mastitis +ve
farms cows tested  mastitis +ve cows

PortaSCC 7 30 21 70.0

Draminski® 7 30 18 60.0

UdderCheck® 7 30 17 56.7

cMT 7 30 18 60.0

Total 7 120 - 62.07

CMT, California Mastitis Test; MCC, milk collection centre.
T, 95% confidence limits were 51.5% — 71.0%.

TABLE 2: Cross tabulation of California Mastitis Test and PortaSCC® results.
Outcomes

Teats with subclinical mastitis as Predictive values

confirmed by the PortaSCC® test

Condition positive

Condition negative

CMT outcome True positive: 23 False positive: 13 Positive predictive

value: 63.89%
Negative predictive
value: 96.43%

CMT outcome False negative: 3 True negative: 81

Sensitivity and Sensitivity: 88.46% Specificity: 86.17%
specificity

CMT, California Mastitis Test.

TABLE 3: Cross tabulation of UdderCheck® and PortaSCC® results.
Outcomes

Teats with subclinical mastitis as Predictive values

confirmed by the PortaSCC® test

Condition positive Condition negative

UdderCheck® True positive: 16 False positive: 20 Positive predictive
outcome value: 44.44%
UdderCheck® False negative: 9 True negative: 75 Negative predictive
outcome value: 89.29%
Sensitivity and Sensitivity: 64.00% Specificity: 78.95%

specificity
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TABLE 4: Association between the PortaSCC® test and other tests used to screen
quarter milk samples for the presence of subclinical mastitis.

Tests Chi-square df Significance level Strength of association —
value (p-value) Cramer’s V

CMT 7.646 1 0.006 0.505

Draminski® 7.646 1 0.006 0.505

UdderCheck® 6.456 1 0.0062 0.492

CMT, California Mastitis Test; df, degree of freedom.

TABLE 5: Association between Draminski® and other tests used to screen
quarter milk samples for subclinical mastitis.

Tests Chi-square df Significance Strength of association —
value level (p) Cramer’s V

CMT 10.208 1 0.001 0.583

UdderCheck® 8.167 1 0.004 0.522

CMT, California Mastitis Test; df, degree of freedom.

Statistical analysis of the results in Table 3 showed also an
unweighted kappa value of 0.37 (+ 0.07); a positive likelihood
ratio of 3.04, a negative likelihood ratio of 0.46 and a disease
prevalence of 20.83% for the UdderCheck® at quarter level.

Ethical considerations

This study was conducted considering animal welfare,
animal well-being and animal rights.

Discussion

The PortaSCC® test has been successfully used as a reference
for comparison with other tests under field conditions by
Salvador et al. (2014) under Philippine field conditions.
Sargeant et al. (2001) reported that CMT could be used in
dairy herd monitoring programmes as a screening test to
detect cows with IMI caused by major pathogens. Barbosa
et al. (2002) reported that the SCC and CMT were highly
correlated for the diagnosis of subclinical mastitis.

Our study revealed that the sensitivities and specificity of the
CMT compared more favourably with the PortaSCC test than
the UdderCheck® test and would be the best replacement test
to use in the absence of the PortaSCC® test. According to
Parikh et al. (2008), higher sensitivity for a test means that the
test is better able to diagnose disease in animals with that
disease while higher specificity for a test means that the test
is better able to diagnose disease-free animals.

The CMT showed substantial agreement (k = 0.66) with the
PortaSCC® test, while the Draminski® test showed moderate
agreement (k = 0.48) and the UdderCheck® test showed fair
agreement (k = 0.37) with the PortaSCC® test.

The higher k-value when the PortaSCC® test and the CMT
tests are compared means that the agreement between these
tests is because of intrinsic traits of the tests rather than
because of chance. Sharma, Maiti and Pandey (2008) stated
thata positive CMT test reaction depends on the concentration
of somatic cells in the milk.

There was a substantial agreement between the PortaSCC®
and the CMT tests in the detection of subclinical mastitis,
indicated by high levels of sensitivity, specificity and positive
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and negative predicted values. This, however, was not found
to be true for the UdderCheck® test. The PortaSCC® test and
the CMT respond to the presence of somatic cells in milk,
whereas the UdderCheck® test responds to the presence of
the lactate dehydrogenase enzyme that is released even
before the subclinical mastitis stage. However, while the
UdderCheck® test did not have similar high sensitivity,
specificity, PPV and NPV compared to the PortaSCC® test, it
may still detect subclinical mastitis at expectable levels and
hence could still be an acceptable screening test for subclinical
mastitis (P < 0.05) (PortaCheck 2013).

Positive likelihood ratios were 6.40, 4.15 and 3.04 for CMT,
Draminski® and UdderCheck® tests with the PortaSCC® test.
According to McGee (2002), PPV close to 1 means that the test
in question is not useful for the disease in question.

Obtained cow-level subclinical mastitis prevalence was 70%,
60%, 60% and 56.7% for the PortaSCC®, CMT, Draminski®
and UdderCheck® tests, respectively. The prevalence of cow
subclinical mastitis detected by the tests ranged from 56.7%
to 70% and this was within the range reported by Chatikobo
(2010) and closely similar to 52% reported by Iraguha et al.
(2015) in Nyagatare district both using the Draminski® test.
Although it was higher than those reported in studies from
Ethiopia (34% — 46%) (Ayano et al. 2013; Abera et al. 2010)
and Bangladesh 44.8% (Rahman et al. 2009); it was lower
than 75.9% reported by Karimuribo et al. (2008) from
Tanzania. Udder quarter subclinical mastitis prevalence
was 20%, 21.67% and 20.83% for PortaSCC®, CMT and
UdderCheck® tests, respectively. These prevalences are
close to the 19.1% obtained, using CMT, by Sanotharan,
Pagthinathan and Nafees (2016) in Sri Lanka but lower than
the 34.8% obtained by Mekibib et al. (2010) in Ethiopia.

Our study showed that the CMT was the next most preferable
option after the PortaSCC® test followed by the Draminski®
test. The UdderCheck® test was shown to be the least
preferable option for screening the cows in Musanze for
subclinical mastitis.

The cow-level subclinical mastitis prevalence results obtained
from the four tests showed a moderate association with each
other, indicating that all the tests could be used for detection
of subclinical mastitis.

Conclusion

Our results showed an overall cow-level subclinical mastitis
prevalence of 62% in the study area. The results from this
study showed significant, moderately strong association
(correlation) among the PortaSCC®, CMT, Draminski® and
UdderCheck® tests. These tests can therefore be used for
screening for subclinical mastitis. Our study showed that
the CMT was the next most preferable option after the
PortaSCC® test and the UdderCheck® test was the least
preferable option for screening the cows in Musanze for
subclinical mastitis.
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