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Comparisons between different indirect test reactions and the 
cell levels obtained by direct cell counting are reported in a large 
number of papers. As is evident from the literature cited below, 
results and opinions of the tests' reliability vary. 

The aim of these investigations was to study the correlation 
for different types of milk samples between the indirect methods 
of testing, California Mastitis Test, Whiteside Test, Brabant Ma­
stitis Reaction, Catalase Test, and the cell content as determined 
by direct cell counting according to Prescott & Breed (1910). 

The correlation has been studied partly between each enumer­
ated indirect test and the direct cell counting, and partly by cer­
tain comparisons between the different indirect tests. How the 
correlation behaves in material from different regions and with 
different mean cell contents has been studied with the California 
Mastilis Test. Possible variations in mean cell counts for in­
dividual farms' California Mastitis Test reactions were inves­
tigated in the case of + and + + reactions. Moreover, the corre­
lation between the California Mastitis Test and direct cell counts 
is compared for different types of samples (udder quarter, churn 
and weighing vessel samples). 
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The following system is used to indicate the degree of signific­
ance: •p < 0.05 ; • •p < 0.01; • • •p < 0.001. The abbreviations used are 
as follows: 

BMR Brabrant Mastitis Reaction 
CC cell counting according to Prescott & Breed 

CMT California Mastitis Test 
CT Catalase Test 

WsT = Whiteside Test 
i ar ithmetical mean 
s standard deviation 
n number of samples 

d.f. degrees of freedom 

LITERATURE 
Whiteside T est. This test was described by Whiteside (1939). 
The underlying m echanism of W sT is not completely clear. 

Dunn et al. (1943) reported that leucocytes are directly or in­
directly responsible for th e reaction. Jensen (1957 ) considered 
that calcium ions also play a role in the r eaction. Petersen et al. 
( 1950) stated that the r eaction was caused by adsorption of fi­
brin onto the white cells in the milk. Schalm & Noorlander (1957) 
found that fat content of the milk can also have an effect, while 
Kii.stli (1963 ) s tated that the clot formation arises from a reac­
tion between sodium and calcium ions and the cell a lbumen. 

The r elationship between the cell content of milk and 
results has been the subj ect of many investigations. Opinion on 
WsT's suitability for estimation of milk cell content varies, partly 
b ecau se different inves tigation s h ad different objectives. 

Murphy & Hanson (1941) divided the r eactions into six clas­
ses and stated that results with 2+ or high er correlated well with 
a cell content of over 5X 105 per ml. However the majority of 
investigations reveal that in general the range of variation for the 
different cases is large, both for foremilk and bulk milk, and 
that no well-defined cell level limits could be seen in different 
cases (Petersen 1952, Obiger 1957, Andersen 1957, Easterday et 
al. 1958, Strozzi & Negretti 1959, Dedie & Kielwein 1960, Barnum 
& Newbould 1961, Ewbank 1962, and Postle & Blobel 1965). 

California Mastitis Test. This test was elaborated by Schalm 
& Noorlander. 

The nature of the positive CMT reaction was not explained 
by Schalm & Noorlander, but it has been the subject of several 
investigations and theories. Ohiger (1961) stated that the CMT 
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reaction can be considered as a combination between the test 
reagent and certain milk proteins. The reaction entails a certain 
electrochemical potential in the proteins. Dedie & Kielwein main­
tained that probably other proteins besides cell proteins react 
with the test solution. Carroll & Schalm (1962) in experiments 
with DNA-ase showed that a positive CMT reaction would dis­
appear with the addition of a sufficient quantity of the enzyme. 
Jaartsveld (1961) also reported that DNA in the cell nuclei was 
responsible for the viscosity which occurs when milk of heavy 
leucocyte content is mixed with the test solution. 

The degree to which CMT results correspond with the cell 
content has been studied extensively. Leidl & Schalm (1961) r e­
ported that a CMT reaction of 1+ generally corresponds with 
a cell level of more than 5 X 105 cells per ml in samples from 
churns. However, the authors reported that the cell values varied 
considerably within reactions and demonstrated large standard 
deviations for them. Baier (1964) also reported large standard 
deviations, and his work showed that 38.3 % of samples with 
CMT ±reactions contained more than 5X105 cells per ml, while 
with a reaction of 1+ 10.6 % of samples had less than 5X105 
cells per ml. 

That cell levels for given CMT reactions have a wide range 
of variation with considerable overlapping was further demon­
strated by McKenzie & Cameron-Mackintosh (1958); Gram & 
Marker (1959); Dedie & Kielwein; Barnum & Newbould; Leidl 
et al. (1961); Ewbank; Klein & Thomas (1962); Postle & Blobel; 
Daniel et al. (1966); Smith & Schultze (1966); Schultze & Smith 
(1966) and Miller & Kearns (1967 ). 

Brabant Mastitis Reaction. BMR is a modification of CMT 
and was elaborated by Jaartsveld (1962). The test is performed 
by measuring with a capillary tube the increase in viscosity 
which arises when infected milk is mixed with the reagent. No 
attention is paid to clot formation in this test. 

The relation of BMR reactions and cell levels obtained from 
direct cell counts was studied by Jaartsveld (1962). His investi­
gations showed, however, that large, and to a great extent, similar 
ranges of variation occur for cell levels lying within the two 
lowest reactions (negative and one dot). For both these reactions 
cell values from 0 to more than 5X105 occurred. The negative 
reaction was obtained nevertheless from a greater percentage 
of samples with low cell values than the one dot r eaction. Large 
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T a b I e 1. Summary of material used. Tests carried out on the day 
of sampling. 

Type or sample Number Correlation and 
relationship studied 

Udder quarter 1532 CC - CMT 
CC-CT 

Churn 
a (Orebro material) 4081 CC - CMT 

CC-WsT 
b (Oslo material) 732 CC-CMT 

CC - BMR 
Weighing vessel 
a 

b 

1592 CC - CMT 
CC-WsT 
CC - CT 

37 farms with > 8 CMT + reactions CC - CMT + 
14 farms with> 8 CMT + + reactions CC-CMT ++ 

ranges of variation were also revealed in the investigations of 
Schaaf et al. (1964). 

Catalase Test. The existence of catalase in milk was demon­
strated by Loew in 1901. Koning (1908 ) and Gratz & Naray 
(1912), used the catalase test to detect mastitis. 

Prouty (1934) investigated the extent to which CT reactions 
corresponded to the actual cell content, and reported a poor 
correlation within the limits of 2.5X105 - lOX 105 cells per ml. 
Much the same result was obtained by Andersen. Egli (1955) 
stated that the catalase tests after the methods of both Roeder 
and Koestler are not reliable for detecting the presence of mastitis 
in bulk milk with sufficient accuracy. 

Correlation estimations. Spencer & Simon (1960) gave the 
coefficients of correlation for CMT- CC as 0.71 , and for CT- CC 
as 0.52. Postle & Blobel investigated the correlation between cell 
content and the reactions of four different indirect tests. They 
obtained coefficients of 0.52 for CMT, 0.49 for WsT, 0.40 for 
BMR, and 0.27 for CT. 

MATERIAL 
The different comparisons carried out are shown in Table 1. 

In order to examine different types of samples, milk was collected 
from udder quarters, churns, and weighing vessels. 

Samples from churns and weighing vessels were taken in the 
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morning when the milk was weighed in at the respective dairies 
( Orebro and Oslo). 

Besides the correlation BMR - CC, the correlation CMT - CC 
was also studied in the Oslo material for comparison with the 
Orebro material. A difference appeared in the average cell con­
tent, that for Orebro being 2X 105 and that for Oslo 9X 105 cells 
per ml. 

The churns contained evening's and/or morning's milk while 
the weighing vessels held the contents of up to five churns from 
both these milking times. 

The mean cell value for a particular farm's CMT + or ++ 
reactions was calculated using weighing vessel samples from 39 
different farms, each of which underwent 30 sample exami­
nations during a period of 10 months (weighing vessel sample b). 
The mean cell value was calculated for farms having the same 
result in more than eight samples. For a + reaction this was 
the case on 37 farms, while a ++ reaction was obtained for 14 
farms. The number of samples with negative or +++ reactions 
was too small to permit similar calculations. 

METHODS 
Careful mixing of milk in churns and weighing vessels was 

carried out before sample taking. A sample of about 40 ml was 
taken in each case. 

The milk was examined within 2 hrs. of sampling and was 
warmed to room temperature and carefully shaken immediately 
before testing. 

Direct cell counting. The smear was prepared according to 
Prescott & Breed (1910), while the method employed was described 
in an investigation of the accuracy of cell counting (Astermark 1969). 
0.01 ml milk was spread over an area of 1 cm2 with the aid of a micro­
syringe. The smear was stained with Newman's stain (Little & 
Plastridge 1946). The total number of cells in 40 fields were counted 
under oil immersion. Two microscopes were used so that areas of 
0.04526 mms and 0.03803 mms were examined. To obtain the number 
of cells per ml the figures obtained were multiplied by factors 22,100 
and 26,300 respectively. 

California Mastitis Test. The reagent used was a 5 % solution of 
deterol (85- 90 % water soluble alkylaryl-sulphonate). Equal volumes 
(0.15 ml) of milk and reagent were mixed together by Thorne's mixer 
(1962) for about 10 sec. The gel formation was observed while the 
arms of the machine were in motion and the clot formation observed 
with the arms raised. 
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The reactions were classified as follows: 
0 no clot or gel formation, 
+ slight to moderate clot formation with no tendency 

towards gel formation, 
+ + slight to moderate gel formation sometimes with inter­

mediate or marked clot formation, or a combination 
of these, 

+ + + distinct, residual gel formation showing tendency to 
follow the rotating arm of the machine, 

+ + + + marked gel formation with subsequent thickening of 
mixture so that it followed the rotating arm of the 
machine. 

Whiteside Test. A drop of normal sodium hydroxide solution was 
mixed with 3 drops of milk with the aid of Thorne's mixer for about 
20 sec. Gel formation was observed with the arms in motion and clot 
formation when they were raised. 

The reactions were classified as follows: 
0 no clot or gel formation, 
+ slight formation of small clots with no tendency to­

wards coagulation, 
+ + distinct formation of large clots with a tendency to­

wards coagulation, but without clearing of the mixture, 
+ + + weak, intermediate gel formation and/or distinct for­

mation of large clots with obvious clearing of the 
mixture, 

+ + + + gel formation with a considerable amount of large 
clots and clearing of the mixture. 

Catalase Test. Ten ml milk was mixed with 5 ml freshly prepared 
1.5 % hydrogen peroxide solution. The quantity of oxygen given off 
after 2 hrs. at room temperature was noted. 

Brabant Mastitis_ Reaction. The apparatus and method described 
by Jaartsveld (1962) were employed. Five dots ( ..... ) denotes block­
ing of the capillary by clots. 

Statistical calculations. The coefficients of correlation were cal­
culated firstly using the whole material and secondly using samples 
with less than 10 x 105 cells per ml. 

The number of cells in 40 fields was used as the x variable in the 
calculations and the different reactions of CMT, WsT, and BMR as 
the y variable, signified by figures 0, 1, 2, etc. For CT the catalase 
readings were placed together in 0.5 ml groups signified by figures 
0, 1, 2, etc. 

RESULTS 
The mean cell values and standard deviations with different 

reactions of the indirect tests are presented in Table 2. In all the 
tests employed there was a correlation between reaction and 
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Table 2. Mean cell values and standard deviations for the different 
indirect test reactions. 

Cell content (I Ob/ml) 
Test Reaction udder quarter churn sample (a)") weighing vessel churn sample (b) ") 

sample") &ample (a)'"'") 
- -x s n x s n x s n x 

0 1.0 1.0 483 1.1 1.1 1288 1.0 0.8 251 2.1 
+ 2.3 2.2 421 1.3 1.2 1831 1.3 0.9 847 2.3 

CMT ++ 4.8 3.2 149 3.5 2.4 678 3.0 1.7 370 4.4 
+++ 26.1 35.0 407 8.5 6.2 284 7.6 5.5 124 12.8 
+++ + 192.9 149.8 72 47.5 
0 0.9 2.1 424 1.0 0.9 93 
+ 1.1 1.0 1578 1.1 0.8 607 

WsT ++ 2.2 2.2 1477 2.1 1.5 629 
+++ 5.2 4.6 571 5.2 4.5 256 
+ +++ 11.4 7.1 31 (8.9) (3.5) 7 
0 5.6 

14.7 
35.9 

BMR ( 44.0) 
(29.0) 

(3.7) 

*) Factor 26,300. **) Factor 22,100. 

mean cell content for samples from udder quarters, churns, and 
weighing vessels. The mean cell values for different reactions of 
CMT and WsT in the Orebro material are almost consistent be­
tween different types of bulk milk samples (i.e. from churns 
and weighing vessels), but lie at a higher level for udder samples. 
When the Orebro and Oslo materials are compared, the mean 
cell values are higher for the different CMT reactions in the latter 
material. 

Standard deviations of cell content for the indirect test reac­
tions (Table 2) were large. This was, however, partly due to the 
fact that the values for cell content were not real, but estimated 

. n - 1 
values. These can be corrected by the formula a = -- (s2- x). 

n 
(Nilsson 1964), where n is the number of samples with a given 
reaction, s2 the variance before correction, x the mean and a the 
standard deviation after correction. This correction brings about 
only a slight reduction of the values for standard deviation given 
in Table 2. 

s n 

1.8 31 
1.3 56 
2.4 269 

10.9 366 
24.3 10 

4.5 540 
10.4 154 
17.3 22 

(30.0) 8 
(21.8) 4 

(2.1) 4 
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Table 4. Correlation of CMT and WsT with the results of direct cell 
counts. Churn samples (a) . 

Percentage of cell value groups falling within reactions 
Cell value No. of CMT reactions") WsT reactions 106/ ml samples 

0 + ++ +++ 0 + ++ +++ ++++ 
0.00-0.99 1575 54.6 44.0 9.6 0.7 67.7 53.9 26.8 7.4 
1.00-1.99 1148 28.5 34.8 19.5 4.2 25.0 31.1 32.0 13.5 
2.00- 2.99 560 11.0 13.5 21.5 8.5 4.5 10.5 19.2 15.8 
3.00-3.99 292 3.3 5.1 18.3 11.3 1.7 3.5 9.3 15.8 
4.00- 4.99 155 1.4 1.3 12.1 10.9 0.5 0.3 6.3 9.3 
5.00-5.99 78 0.7 0.5 5.2 8.8 0.3 1.9 7.7 
6.00- 6.99 84 0.3 0.4 6.6 9.9 0.2 2.2 8.1 
7.00-7.99 39 0.1 0.2 2.5 6.3 0.2 0.1 0.4 5.3 
8.00- 8.99 31 0.1 1.8 6.3 0.6 3.3 
9.00-9.99 29 0.1 1.2 6.7 0.3 3.5 

> 10.00 90 0.2 0.1 1.8 26.4 0.5 0.1 0.9 10.5 
% 100 100 100 100 100 100 100 100 

Total number 
of samples 4081 1288 1831 678 284 424 1578 1477 571 

*) CMT reaction + + + + did not occur in this material. 

The relation between the indirect tests and cell values is 
shown in Tables 3-- 6. The cell values were divided into classes 
with the ranges 1X105 and !OX 105 according to whether the 
values were lower or higher than lO X 105. The distribution of 
cell values within the different reactions for CMT, WsT, BMR 
and CT have not a normal, but a markedly skew distribution 
which is particularly evident in the lower reactions. The variation 
of cell content within a given reaction is very large. This is 
further evident from the standard deviations as stated above. 
Negative and + reactions for CMT and WsT had the narrowest 
ranges of variation. 

These large variations in cell content result to a large extent 
in the values' overlapping one another for different reactions. 
This is particularly true for CT and the two lowest BMR reac­
tions. The limits for cell values between reactions therefore can­
not be fixed, but a certain gradation of the upper limit of the 
variation ranges can be observed with increasing reactions for 
WsT and CMT. Exceptions to this are + and ++ reactions for 
udder quarter samples (Table 3), where the upper limits of cell 
content variations generally rose to the same cell levels. W sT of 

6.5 
3.2 
3.2 
6.5 
3.2 
6.5 
3.2 
9.7 
9.7 

48.4 
100 

31 
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Tab 1 e 7. Coefficients of correlation for relations between different tests. 

Coefficients of correlation 
Test udder quarter churn samples (a) weighing vessel churn samples (b) samples samples (a) 

CMT-CC 
WsT-CC 
CT - CC 
BMR-CC 

total 
material 

0.47 

< 10x1os 
cells 

0.72 

0.53 

total < 1ox 10s 
material cells 

0.56 0.56 
0.48 0.52 

total < 10x1os total 
material cells matcrinl 

0.59 0.63 0.48 
0.51 0.57 
0.54 0.45 

0.56 

bulk milk samples revealed only a small number of samples with 
+ reactions which had cell values of 3X105 or higher, or + + 
reactions which had cell values of 5X105 or higher. The corre­
sponding values for CMT are 3--4X105 and 6- 8 X 105 respec­
tively for bulk milk samples. For BMR the upper limit for nega­
tive reactions was in the region of 10- 20X 105. For CT there 
were no great differences between the upper limits for different 
reactions. 

The coefficients of correlation (Table 7) are somewhat higher 
for the CMT - CC correlation than for the others except in the 
Oslo material, where BMR had a larger coefficient than CMT, i.e. 
0.56 against 0.48. In samples with a figure of less than lOX 105 
cells per ml CMT - CC had the highest coefficient throughout. 
In the Oslo material the coefficient in this interval was 0.13 for 
BMR - CC against 0.55 for CMT - ·CC. 

Comparison of the churn samples in the Orebro material 
(mean cell content 2X105) (Table 4) and the Oslo material 
(mean cell content 9X105) (Table 5), shows that in the former 
8.6 % of the samples contain more than 5X105 cells per ml 
against 53.8 % in the latter. In both sets of material the ranges 
of variation are generally equally large, and partly overlap one 
another, but in the group of samples with the higher cell average, 
the majority of the samples are inclined to have higher cell 
values for the reactions ++ and +++, and these reactions 
therefore have higher mean cell contents than the group of 
samples with the lower cell average. The coefficient of correlation 
is somewhat lower for the Oslo material when using the total 
material, but is generally the same for samples of less than 
10 X 105 cells. 

< tOX105 

cells 

0.55 

0.13 



Farm 
no. 

14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
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T a b l e 8. Mean cell number for CMT reaction + and + + within 
farms. Weighing vessel samples (b). 

CMT reaction + CMT reaction ++ CMT reaction + CMT reaction ++ 

no. of mean no. of mean Farm 
no. no. of mean no. of mean 

samples lOS/ml samples 103/ml samples 108/ml samples 108/ml 

19 
13 
14 
24 
10 
17 
13 
11 
11 
21 
15 
13 
17 
21 
20 
21 
15 
15 
19 
11 

119 
184 

96 
52 
88 

146 
175 
185 
247 
141 
115 
206 
188 
109 
115 
149 
138 

84 
165 
189 

8 
12 

11 
9 

12 
10 

10 
10 

401 
203 

358 
295 
249 
367 

477 
343 

34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 

14 
21 
20 
16 
21 
19 

10 

20 
20 
24 
23 
20 
16 
15 
37 
69 
41 

133 
100 
108 
122 
124 
112 

166 

102 
109 
107 
137 
124 
156 
169 
88 

117 
183 

Median test between farms: reaction + x2 = 91.40* • • d.f. = 36. 
reaction + + x2 = 37.37* * * d.f. = 13. 

8 

14 

13 

13 

32 
70 

In 37 herds the mean cell values for CMT + reactions varied 
from 52,000 to 247,000 and in 14 herds for ++ reactions they 
varied from 203,000 to 477,000 cells per ml (Table 8). The me­
dian test (Dixon & Massey 1957) revealed highly significant 
differences between farms for both reactions. 

Comparison between samples from udder quarters, churns 
and weighing vessels (Tables 2- 6) did not reveal any funda­
mental differences in the distribution of cell values within re­
actions. The most noteworthy difference was that the upper 
limits of the range for + and + + reactions generally reached 
the same level in udder samples, which was in contrast to bulk 
milk samples. 

304 

377 

362 

258 

252 
260 



159 

DISCUSSION 
Comparison shows that there is a correlation between indirect 

test reactions and cell values. Comparison of material with dif­
ferent average cell contents, however, shows that one and the 
same CMT reaction does not consistently detect samples con­
taining the same average cell content. Moreover, transitions be­
tween reactions cannot be fixed, and even if there are certain 
ill-defined limits, the cell values of the different reactions partly 
overlap one another. Thus milk samples containing cell contents 
within certain limits, do not necessarily conform to a particular 
reaction in any test. 

The ranges of variation and the standard deviations for dif­
ferent reactions are large and the standard deviations rise with 
the mean cell content. Large standard deviations were also re­
ported by Leidl & Schalm (1961) and Baier (1964). The two 
lowest reactions for CMT and WsT had, in contrast to BMR, 
relatively low cell levels, the majority lying below ax 105 cells 
per ml. For CT levels under 1.0 most of the samples had relatively 
low cell values, but the results were not so reliable as those of 
CMT and WsT. 

Because of large variation ranges for CMT and WsT ++ 
and +++ reactions, not only samples with a relatively high 
cell content, but also a high percentage with low cell levels 
occurred within these reactions. For CMT ++ reactions between 
68 and 88 % of the total material contained less than 5X105 
cells per ml, while for + + + reactions the figure was between 
8 and 36 % . The corresponding figures for W sT were approxi­
mately 95 and 63 % . For CT levels above 1.0 the correlation is 
poor, and for BMR only 5 % of the samples produced a reaction 
stronger than one dot. The latter thus fails to differentiate be­
tween samples with a cell content of less than one million. 

The standard deviation for different reactions is large, and 
although this could partly be attributed to the fact that cell 
levels are merely estimations of the real value, a correction for 
this produces practically no reduction. For example for CMT ++ 
reactions in samples from weighing vessels the standard devia­
tion falls only from 1.7 to l.5X10\ and for +++ reactions 
from 5.5 to 5.3X 105 cells per ml. Although the reduction is 
greater for a larger quantity of milk examined in each sample, 
the difference between the standard deviation for the estimated 
and real values remains small. It is also possible that the wide 
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ranges of variation may be partly due to substances other than 
those confined to the cells combining with the reagent. The 
mechanism of these tests, as mentioned in the review of the 
literature, is not completely clear. 

The coefficients of correlation were calculated, firstly for 
the total material and secondly for samples containing less than 
lOX 105 cells per ml, since a correlation below this level appears 
to be of greatest interest in Sweden in view of an eventual routine 
examination of cell content in bulk milk. 

Because of the marked skew distribution through the mate­
rial, differences between the coefficients of correlation could not 
be tested. From the numerical values of the coefficients, however, 
it is evident that they were larger in the Orebro material for 
the correlation CMT - CC than for either WsT-- CC or CT­
CC, both for weighing vessel and churn samples. This corre­
sponds with the values obtained by Spencer & Simon (1960) and 
Postle & Blobel (1965). In contrast to the other indirect tests, CT 
gives a quantitative variable and should therefore result in a 
higher coefficient of correlation if the tests are of equal value. 

Comparison of coefficients of correlation for CMT - CC and 
BMR - CC in the Oslo material revealed that BMR produces a 
more reliable numerical value than CMT when the total material 
is included. In samples containing less than lOX 10;; cells per ml 
the coefficient of correlation for BMR - CC was only 0.13 so 
that no correlation was apparent here. For CMT - CC the 
coefficient, however, was 0.55 and thus of a similar value as in 
the Orebro material. 

A comparison of the coefficients of correlation for all samples 
regardless of cell content, with those possessing less than lOX 105 
cells per ml, reveals that the differences for samples from weigh­
ing vessels and churns is small while there was a large difference 
for the udder quarter samples. This is because the majority of 
weighing vessel and churn samples contained less than lOX 105 
cells per ml, while the udder samples included a higher percen­
tage of samples of high cell level which could not be labelled 
with a higher reaction than ++++, irrespective of how high 
the cell level actually was. The coefficients of correlation were 
therefore lower for material containing a large percentage of 
high cell values. The low coefficient of correlation for BMR for 
samples lying below lOX 105 cells per ml is due to the fact that 
BMR differentiates samples among the high cell levels, so that 
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most samples containing less than lOX 105 cells per ml come to 
lie within the lowest reaction. 

Using the coefficients of correlation to compare the indirect 
tests for these cell levels, CMT appears a little more reliable than 
WsT (although the difference is small) and certainly more 
reliable than CT and BMR. 

The situation regarding udder health, hence cell content in 
bulk milk, varies with different farm groups. Comparing material 
with a low mean cell content (calculated from the total number 
of samples) and material with a higher mean cell content, the 
means for individual reactions are also higher in the former. 
One cannot therefore simply apply the results of one material to 
another. 

Although the ranges for a reaction are wide, different farms 
in a series of samples with the same reaction could have mean 
cell values of approximately the same order. However, the com­
parison which was carried out reveals that there are considerable 
differences in mean cell values for CMT + reactions on different 
farms. This is also true for + + reactions. 

It is thus evident that a given reaction does not have the same 
mean cell value in a ll material and that standard deviations and 
range variations are large, the latter overlapping one another to 
a great extent. It is therefore not acceptable to merely replace 
the different reactions of the various tests with a single mean 
value for cell level. The possibility of substituting the two lowest 
reactions of CMT and \V sT by a mean could be considered. More­
over, whether a sample is accepted or rejected should not be 
based entirely on an indirect test, if this means that for in­
acceptable samples the cell content exceeds a certain level. In 
practice consideration must be given to the aim of the actual 
investigation. 

There exists, however, the possibility of combining the in­
direct test with cell counting. Using the indirect test, samples 
with low reactions could be passed while those with higher 
reactions could be examined by cell counting. Such a possibility 
will be further discussed in a subsequent paper (Astermark et al. 
1969). 

Beyond the previously mentioned, uneven distribution within 
reactions, due to different total mean cell content in the material, 
comparison between udder quarter, churn, and weighing vessel 
samples indicates no other fundamental difference except that 
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the variation ranges for + and + + reactions in udder samples 
generally attain the same level of cell content. It was noticed 
that for CMT readings the degree of precipitation was difficult 
to estimate in very fresh milk, especially with a high butter fat 
content. This could be a contributing factor towards the fact 
that no difference was observed between these reactions. 
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SUMMARY 
The aim of this work was to study the relationship between the 

reactions obtained by indirect methods of testing milk samples and 
the cell content, determined by direct cell counting after Prescott & 
Breed (1910). The indirect tests used were the California Mastitis 
Test (CMT), Whiteside Test (WsT), Brabant Mastitis Reaction (BMR), 
and the Catalase Test (CT). 

The results of the investigations are summarized below. 
Samples with cell values lying within fixed limits do not neces­

sarily conform to particular indirect test reactions. 
All four indirect tests have wide ranges of variation of cell level 

within a given reaction with considerable overlapping between reac­
tions. 

The standard deviation for cell levels within a given reaction is 
large, although this can be partly explained by the fact that the cell 
values are estimated rather than real. Correction for this produces 
only an insignificant decrease, however. 

The coefficient of correlation is a little higher for the correlation 
CMT- CC than for the other indirect tests and CC. 

When sample groups with different mean cell levels (calculated 
from the whole material) are compared, the variation ranges (dif­
ference between the largest and the smallest observation) and standard 
deviations are generally the same for the different CMT reactions. 
However, the mean cell values, for different reactions lie at higher 
levels when the mean cell content of the whole material is higher. 
Similarly they are lower when the mean of the whole material is 
lower. This is, however, not true for 0 reactions. 

The mean cell values for CMT + and for + + reactions varied 
consider-ably in different herds. 

It was not considered acceptable, for any of the four indirect 
tests, to substitute reactions by average cell values, either to determine 
the mean cell value or to decide whether a sample is inacceptable, if 
this means that the sample has a cell content above a certain value. 

Negative and + reactions for CMT and WsT could possibly be 
replaced by a mean cell level, since the range of variation is not so 
wide here and the majority of samples giving these reactions contain 
less than 3 x 1 os cells per ml. 

The possibility exists of combining indirect tests and direct cell 
counting to examine milk samples, so that samples with low reactions 
could be passed, while those with higher reactions would be examined 
by cell counting. 

The indirect tests differentiate milk at different cell levels. The 
possibility of using a particular indirect test depends on the cell level 
to be examined and on the degree of accuracy required. 
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ZUSAMMENFASSUNG 
Das Verhii.ltnis zwischen California Mastitis Test, Whiteside Test, 
Brabant Mastitis Reaktion, Katalase-Test und direkter Zii.hlung der 

Zellen in der Milch. 
Die Absicht mit der Untersuchungen ist gewesen, den Zusammen­

hang zwischen den Zellgehaltsberechnungen in Milch bei den indi­
rekten Testmethoden California Mastitis Test (CMT), Whiteside Test 
(WsT), Brabant Mastitis Reaktion (BMR), Catalase Test (CT) und 
dem Zellgehalt, festgestellt durch direkte Zellgehaltsberechnung (CC) 
nach Prescott & Breed (1910) zu studieren. 

Die Untersuchungen haben folgendes gezeigt: 
Proben mit Zellgehalten innerhalb festgesetzten Zellgehaltsgren­

zen stimmen nicht immer mit dem Ergebnis der indirektcn Teste 
iiberein. 

Slimtliche indirekte Teste hatten grosse Variationsbreiten des Zell­
gehaltes innerhalb der verschiedenen Ausflille mit grosser Deckung 
iiber die Resultatgrenzen. 

Die Standardabweichung der Zellgehaltsberechnungen innerhalb 
der verschiedenen Ausflille ist gross, aber zum Teil kann dieses Ver­
hliltnis dadurch erkllirt werden, dass die Werte nur geschatzt sind. 
Korrektion hierfiir gibt jedoch nur einen minimalen Ausgleich. 

Der Korrelationskoeffizient ist etwas hoher zwischen CMT und 
CC als zwischen den iibrigen indirekten Tests und CC. 

Wenn die Probepopulationen mit verschiedenen Durchschnitts­
zellg.ehalten verglichen werden, sind die Variationsbreiten und die 
Standardabweichungen ungefiihr dieselben fiir die verschiedenen 
CMT-Ausfiille. Die Durchschnittszellgehaltswerte fiir verschiedene 
Reaktionen sind jedoch hoher, wenn die Durchschnittswerte in dem 
ganzen Material hoher sind, im Vergleich zu einem Material mit niedri­
gen Zellgehaltswerten. Dieses gilt jedoch nicht fiir den Ausfall 0. 

Durchschnittszellgehalte fiir die CMT-Ausflille + und + + haben 
in verschiedenen Herden innerhalb weit.er Grenzen variiert. 

Fiir alle indirekten Teste gilt, dass man es nicht fiir korrekt halten 
kann die Ausflille mit einem Durchschnittswert zu ersetzen, entweder 
bei Berechnung von einem durchschnittlichen Zellgehaltswert, oder 
indem man eine Probe als nicht tolerabel rechnet, wenn man damit 
meint, dass die Probe eine Zellgehalt iiber einen bestimmten Wert hat. 

Die Resultate 0 und + bei CMT und WsT konnen moglicherweise 
mit einem Durchschnittswert ersetzt werden, da die Variationsbreite 
nicht bcsonders gross ist und die meistcn Proben bei diesen Ausflillen 
unter 3x1 Q5 liegen. 

Eine Moglichkeit Milchproben zu beurteilen ist, einen indirekten 
Zellgehaltstest mit einem dir.ekten zu kombinieren, und die niedrigen 
Ausflille bei dem indirekten Test zu akzeptieren und die hoheren Aus­
flille auch mit einem direkten Test zu zlihlen. 

Die indirekten Teste selektieren auf verschiedenen Niveaus. Wie­
weit man iiberhaupt einen indirekten Test b.enutzen kann und gegeb­
enfalls welchen, hangt von dem Selektierungsniveau und der verlang­
ten Sicherheit ab. 
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SAMMANFATTNING 
Korrelationen mellan California Mastitis Test, Whiteside Test, Brabant 

Mastitis Reaction, Catalase Test och direkt cellriilming i mjolk. 
Avsikten med undersokningarna bar varit att i mjolkprov studera 

sambandet mellan utfallen vid de indirekta testmetoderna California 
Mastitis Test {CMT), Whiteside Test {WsT), Brabant Mastitis Reaction 
(BMR), Catalase Test {CT) och cellhalten, bestamd genom direkt cell­
rakning (CC) enligt Prescott & Breed {1910). 

Vid undersokningarna har det visat sig att: 
Prov med cellhalter inom bestamda cellvardcsgranser inte hanfOr 

sig till bestiimda utfall vid de indirekta testerna. 
Alla fyra indirekta testerna har haft stora variationsbredder fOr 

celltalen inom de olika utfallen med stora ,,overlappningar" mellan 
utfallen. 

Standard deviationen fOr celltalen inom de olika utfallen ar stor, 
men en del av denna kan fOrklaras av att cellvardena inte ar de ratta 
utan endast skattningar. Korrektion fOr detta medfOr emellertid endast 
en obetydlig minskning. 

Korrelationskoefficienten ar nilgot hogre mellan CMT och CC an 
mellan ovriga indirekta tester och CC. 

Om provpopulationer med olika medelcellhalter jamfOres ar va­
riationsbredder och standard deviationer i stort sett desamma fOr de 
olika CMT-utfaUen. Medelcelltalen fOr olika reaktioner ligger emeller­
tid hogre, nar medelcelltalen pA hela materialet ar hogre, jamfOrt med 
ett material med Iagre medelcelltal. Detta galler emellertid inte ut­
fallet 0. 

Medelcelltalen fOr CMT-utfallen + och + + har i olika besatt­
ningar varierat inom vida granser. 

For alla de fyra indirekta testerna galler att det inte flir anses 
riktigt att ersatta utfallen med ett genomsnittligt cellvarde antingen 
det galler att rakna ut medelcellvarde eller att ange ett prov som icke 
tolerabelt, om man med icke tolerabelt prov avser att det har en cell­
halt over ett visst varde. 

Utfallen 0 och + vid CMT och WsT kan mojligen ersattas med ett 
medelcelltal eftersom variationsbredden inte ar sl'l stor och huvud­
delen av proven vid dessa utfall ligger under 3X105. 

En mojlighet till bedomning av mjolkprov ar att kombin.era in­
direkt test och direkt cellrakning och godkanna de liigre utfallen vid 
den indirekta testen och cellrakna de hogre. 

De indirekta testerna selekterar pl'l olika nivAer. Om man over­
huvud taget kan anvanda nAgon indirekt test och i sA fall vilken, be­
ror pfl vilken cellhaltsnivA, man onskar selektera pl'l och vilken saker­
het man fordrar. 

(Received November 16, 1968). 


