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Introduction 

Jensen, N. E. and K. Knudsen: Variations in measures of udder health within a 
short period of time. I. The dynamic characteristics in diagnostics of subclinical 
mastitis based on cytological and bacteriological parameters. Acta -vet. scand. 1988, 
29, 421-430. - Foremilk quarter samples were collected at morning and evening 
mil kings on 6 dates during a 9 day period. At the end of the period teat puncture 
samples were drawn. Mastitis diagnoses based on bacteriological and cytological 
examinations were established for all 13 sets of samples from 45 cows (180 quar
ters). The effect of a fixed cell count (SCC) treshold value on mastitis diagnoses was 
studied as was the effect of variations in bacteriological state. The majority of shifts 
in diagnoses occurred only at few quarters due to the fact, that variation in the 
SCC-based diagnoses almost inevitably occurred in quarters with a SCC level close 
to the threshold. The future bacteriological state depended on both the previous 
and present bacteriological states in such a way, that changes in the future state 
seldom occurred when both the previous and present bacteriological states were 
the same. In conclusion, the quarter health state appeared to be fairly stable during 
a short period of time and the probability of changing mastitis diagnosis depended 
not only on the present diagnosis, but also on the actual somatic cell count and the 
previous bacteriological state. 

quarter samples; milk; cattle; inflammation. 

Mastitis is defined as an inflammation of the 
mammary gland (Anon. 1987). The diagno
sis is based on the pathological changes cau
sed by the disease. The clinical form of ma
stitis does not offer any diagnostic problem. 
The situation is different when diagnosing 
the subclinical manifestation of the disease. 
This diagnosis must be based on examina
tion of quarter milk samples, and changes in 
milk composition are the signs of inflamma
tion. As pointed out by Klastrup (1985), the 
inflammatory changes may vary from insig
nificant deviation of the milk composition 
to complete cessation of the milk secretion. 

The diagnosis of subclinical mastitis should 
also consider the dynamic nature of the di
sease as well as changes in milk composition 
caused by physiological processes. 
In the practical situation the mastitis defini
tion is not helpful since it does not indicate 
borderlines between the normal state and di
sease. 
Diagnostic keys, employing fixed threshold 
values between the normal and pathological 
conditions, are easy to handle. They do not, 
however, take the above mentioned diagno
stic, physiologic or dynamic problems into 
account. 
The concentration of somatic cells (SC) is 
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today the most commonly used inflamma
tory marker. Until the recent revision, the 
IDF (International Dairy Federation) recom
mended a threshold value of 500.000 SC/ ml 
(Anon. 1971 ). In the Scandinavian countries 
the separating value was established at the 
level of 300.000 SC/ ml (Klastrup & Madsen 
1974). 
Neave (1975) and later Griffin eta/. (1987) 
found a sec threshold unnessary when di
agnosing infectious subclinical mastitis cau
sed by major pathogens. 
The use of fixed threshold values is now not 
advised for any kind of mastitis work (A non. 
1987), and the diagnosis of other forms of 
subclinical mastitis than infectious is now 
more or Jess open for subjective considera
tion. The IDF recommendations are, how
ever, not regarded as standards, but as guide
lines. 
Planning a larger experiment, aiming at elu
cidating the diagnostic value of some indi
rect inflammatory markers, it was found 
appropriate initially to study the variation of 
selected markers within a short period of 
time in a material originating from one herd. 
The present paper took inspiration from the 
report by Giesecke et a/. ( 1985). These au
thors claimed that bovine udder health, de
termined by the now outdated IDF recom
mendations, could be regarded as extremely 
labile. Fixed SCC thresholds have been and 
are still to some extent used in various kinds 
of mastitis work. Therefore, it was conside
red reasonable to exploit the existing mate
rial to evaluate the stability/ variability of 
udder helath states, determined by the Scan
dinavian diagnostic key, relate the results 
of those of Giesecke et a/. ( 1985), and to 
search for possible causes of diagnostic 
shifts. 

Materials and methods 
A herd of 68 milking cows of the Red Da-
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nish Breed was available for the study car
ried out during the period June 5-14, 1985. 
The herd was loose housed and milked twice 
daily in a milking parlour (2x6). The techni
cal performance of the milking equipment 
fulfilled the Scandinavian recommendations 
(A non. 1978). Teat dipping was done at each 
milking with an iodophor in recommended 
concentration prior to and during the study 
period. 
According to standard procedures (Anon. 
1983), similar to those prescribed by the 
IDF (1981), foremilk samples from all cows 
were collected aseptically at morning (6 am) 
and evening (3 pm) milkings on the follow
ing dates: June 5, 6, 7, 10, II , and 12. The 
total milk yield of all 68 cows was recorded 
once on June 8. 
All 68 cows were slaughtered (June 13 and 
14), and immediately after removal of the 
udder the teat skin was carefully cleaned and 
disinfected. From all lactating quarters teat 
puncture samples were drawn into sterile 
vacuum containers. 
Thus, the complete material comprises 6 
sets of morning foremilk, 6 sets of evening 
foremilk, and I set of teat puncture (cister
ne) samples from each of the 68 cows. 
Bacteriological examination of the milk 
samples and identification of mastitis patho
gens were performed by standard laboratory 
methods (Anon. 1983) basically identical 
with the methods prescribed by the IDF 
(1981). However, only 0.03 ml of milk was 
spread over half a plate. Somatic cells were 
counted electronically (Fossomatic). 
Twentythree of the 68 cows were excluded 
from the calculations due to one or more of 
the following reasons: total milk yield less 
than 10 kg!d (13 cows), I or more inactive 
(blind) quarters (9 cows), several missing 
values (2 cows), and intercurrent disease (I 
cow). Thus, the calculations were based on 
data from 45 cows ( 180 quarters). Twenty-
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three of these cows were in their first lacta
tion, 13 in their second, and 9 had 3 or more 
lactations. 
Mastitis diagnoses were established for fore-

Somatic cell count absent 

normal (N) 

milk quarter samples according to the Scan
dinavian recommendations (Kiastrup & 
Madsen 1974). This diagnostic key reveals 
the following quarter health conditions: 

Pathogenic bacteria 

present 

sec < 300,000/mi 
sec > 300,000/mi aseptic mastitis (AM) 

presence of bacteria (PB) 
infectious mastitis (IM) 

The stability of these conditions was evalu
ated by comparing the diagnosis of a quarter 
with the diagnosis of the same quarter 24 h 
later, i.e. the diagnosis established on exam
ination of a morning sample was compared 
to the diagnosis of the following morning 
sample, and of an evening sample to the di
agnosis of the following evening sample, 
with the exception of the 72 h between mil
kings on June 7 and June 10. 

Results 
The prevalence rates of the different quarter 
health conditions by sampling time are 
shown in Table I. 
On the average 16.2 % of the quarters had 
the diagnosis IM, 6.5% AM, 12,9% PB, and 
64.1 % were classified as N. The number of 
the different diagnoses varied with the time 
of sampling. The general pattern was that at 
evening milkings more quarters were dia-

Table I. Prevalence of mastitis diagnoses by sampling time. SCC threshold value: 300,000/ml. 45 cows. 

Diagnoses 

Sampling Infectious Aseptic Presenoe of Nonnal Number of 
time mastitis (IM) mastitis (AM) bacteria (PB) (N) quarters 

June 5 M* 27 13 24 116 180 
June 5 E** 30 II 15 123 179 
June 6M 31 II 20 117 179 
June 6E 26 19 18 116 179 
June 7M 27 10 25 117 179 
June 7E 30 13 24 112 179 
June 10M 29 II 31 109 180 
June 10 E 34 14 27 105 180 
June II M 29 7 30 113 179 
June II E 33 13 15 119 180 
June 12M 23 9 29 119 180 
June 12 E 30 10 21 119 180 

Mean 29.08 11.75 23.25 115.42 
Range 23-34 7-19 15-31 105-123 

* Morning. 
•• Evening. 
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Figure I . Bacteriological and cytological state at 
6 morning and evening milkings for cow no. 291. 
Symbols: --: somatic cell count threshold = 
300,000 SC/ml. LN(SCC) = natural logarithm of 
somatic cell count. 0 • : right front quarter, 0 e: 
left front quarter, 6 .t.: right rear quarter, Jt * : 
left rear quarter. 
Solid symbol: bacteriological positive. 
Empty symbol: bacteriological negative. 

gnosed as IM and AM than at morning 
milkings due to the fact that the sec values 
were on the whole higher at the evening 
milkings. 
The variation in SCC values- as well as the 
bacteriological state - are shown for 5 cows 
in Figures 1 to 5. 
To eliminate the effect of the differences be
tween morning and evening milkings and 
the uneven span due to the weekend June 8 
and 9, only four 24 h transitions per quarter 
were studied in each of the 6 sets of morning 
and evening samples. We here assume that 
the probability of changing mastitis diagno-
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Figure 2 . Bacteriological and cytological state at 
6 morning and evening milkings for cow no. 364. 
Symbols: see Fig. I. 

sis over a 24 h period is independent of 
whether the diagnosis was based on morning 
or on evening milkings. The results of 8 
transitions per quarter comprising a total of 
1432 transitions are listed in Table 2. 
In 1215 (85 %) cases the diagnoses were 
stable while the quarter health condition im
proved in 119 and deteriorated in 98 cases. 
Thus, changes were observed in 217 cases 
within 24 h periods. Table 2 also shows that 
197 (83 %) of the 236 cases with an initial 
diagnosis IM retained this diagnosis, 16 
(7 %) developed AM, 18 (8 %) PB, while 5 
(2 %) changed toN. Minor fluctuations were 
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Figure 3. Bacteriological and cytological state at 
6 morning and evening milkings for cow no. 368. 
Symbols: see Fig. I. 

Table 2. Initial and final prevalence of quarters 
and number of diagnoses observed at 1432 24 h 

transitions. sec threshold value: 300,000/ml. 

T o diagnosis 
From Initial 
diagnosis IM AM PB N prevalence 

IM 197 16 18 5 236 
83% 7% 8% 2% 100% 

AM 7 64 3 25 99 
7% 65% 3% 25% 100% 

PB 21 2 105 52 180 
12% 1% 58% 29% 100% 

N 2 10 56 849 917 
0% 1% 6% 93% 100% 

Final 
prevalence 227 92 182 931 1432 
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Figure 4. Bacteriological and cytological state at 
6 morning and evening milkings for cow no. 425. 
Symbols: see Fig. I. 

also seen in the group of the initially normal 
cases while a proportionally larger number 
of initially AM and PB cases shifted to other 
diagnoses. 
A change in diagnosis may be caused either 
by a change in the sec across the fixed 
threshold value or by a change in the bacte-
riological state. Table 3 lists the number of 
changes according to the threshold value of 
300,000 sc. 
Shifts were observed in 86 (6 %) cases. 
In Table 4 both the higher and lower SCC 
groups were divided into 2 groups. Three 
sec threshold values, namely 150,000, 
300,000, and 450,000 were thereby con-
side red. 
It appears that the probability of a transition 
depended on the level of sec. 
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Figure 5. Bacteriological and cytological state at 
6 morning and evening milkings for cow no. 579. 
Symbols: see Fig. I. 

Table 3. Initial and final prevalences of quarters 
in two sec classes and number of shifts observed 

at 1432 24 h transitions. 

To class 

From SCC/ml SCC/ml Initial 
class > 300,000 < 300,000 prevalence 

SCC/ml 284 51 335 
> 300,000 85 o/o 15 o/o 100 o/o 

SCC/ml 35 1062 1097 
< 300,000 3% 97 o/o 100 o/o 

Final 
prevalence 319 1113 1432 
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Table 4. Initial and final prevalences of quarters 
in four sec classes and number of shifts observed 

at 1432 24 h transitions. 

To class 

From SCC/ ml SCC/ ml Initial 
class > 300,000 < 300,000 prevalence 

> 450,000 258 22 280 
92% 8% 100% 

300,000- 26 29 55 
450,000 47% 53 o/o 100% 

300,000- 29 75 104 
150,000 28 o/o 72% 100 o/o 

< 150,000 6 987 993 
lo/o 99 o/o 100% 

Final 
prevalence 319 1113 1432 

Table 5. initial and final prevalences of bacterio
logical positive and negative cases and number of 

shifts observed at 1432 24 h transitions. 

From 

bacteriological 
positive 

bacteriological 
negative 

Final 
prevalence 

To 

bacteriolo-
gical 

positive 

341 
82% 

68 
7% 

409 

bacteriolo-
gical Initial 

negative prevalence 

75 416 
18% 100% 

948 1016 
93 o/o 100 o/o 

1023 1432 

Table 5 gives the number of shifts in diagno-
ses caused by a change in the bacteriological 
state. 
It appears that, although the initial and final 
prevalences were almost identical, shifts 
were observed in 143 cases. 
In Table 6 the material is rearranged not 
only taking the present but also the previous 
bacteriological state into account. 
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Table 6 . Number of shifts observed from pre
vious bacteriological state positive and negative 

at 720 24 h transitions. 

a) Previous bacteriological state positive 
To future 

From 
prtstnt posi!ive nesalive 

bact. 159 13 
positive 92 % 8 % 

bact. 15 31 
negative 33% 67% 

b) Previous bacteriological state negative 
To future 

From bacleriological bacleriological 
prestnt positive nesalive 

bact. 16 16 
positive 50 % 50 % 

bact. 21 449 
negative 4 % 96% 

It is seen that if the bacteriological state was 
stable for two consecutive days, then the 
chance/ risk of changing state was 8 % or be
low. Hence, for the majority of transitions 
the bacteriological state was much more 
stable than Table 2 or Table 5 imply. If the 
present bacteriological state differed from 
the previous, the outcome of a third test 
could only confirm the present state in 67% 
and 50 % of quarters with the present state 
negative and positive, respectively. 
When focusing on the state of the individual 
quarters, rather than the number of transi
tions, the state of 144 (80 %) of the 180 
quarters did not vary when the diagnoses 
were based on the SCC. The 86 shifts ob
served at the 1432 possible transitions con
cerned the remaining 36 (20 %) quarters. 
Twentytwo of these showed 2 or less shifts. 
Only 14 quarters were responsible for the 

majority (53) of the shifts in the sec dia
gnoses. 
Turning to the bacteriology, 84 (46.7%) 
quarters were constantly negative and 29 
(16.1 %) constantly positive. The remaining 
67 (36. 7 %) displayed a varying bacteriolo
gical state. However, in most of these quar
ters (39) the bacteria were only found occas
sionally (I to 3 times). Thirteen quarters had 
a relatively constant bacteriological state (9 
to II of the 12 samples positive), and fre
quent bacteriological findings (4 to 8 of the 
12 samples positive) were observed in only 
15 quarters. 
The pathogens which could be isolated from 
the 96 quarters from I or more of the 12 sets 
of quarter milk samples were (number of 
quarters and symbol for pathogen are given 
in brackets): Staph. aureus (50 S), Str. dys
galactiae (13 Y), coagulase negative staph. 
(20 M), coliforms (II K), Corynebacterium 
pyogenes (I P), and Str. uberis (I U). How
ever, only 40 quarters were bacteriologically 
positive when the teat puncture (cistern) 
samples were cultured (17 S, 6 Y, 12 M, 4 
K, I P). Twentysix (65 %) of those were bac
teriologically positive (15 S, 4 Y, 4 M, 3 K) 
in all of the preceding 12 sets of quarter 
milk samples while 14 quarters (2 S, 2 Y, 8 
M, I K, I P) varied slightly. On an average 8 
of the 12 sets were positive. Three cisterne 
negative quarters had a history of constant 
positive bacteriology (2 S, I K). In the vast 
majority (53) (31 S, 7 Y, 8 M, 6 K, I U) of 
the 56 cisteme negative quarters changes in 
the bacteriological' state were observed. On 
an average only 3.3 of the 12 sets of pre
ceding quarter milk samples were positive in 
this category. 

Discussion and conclusions 
In this study the "Scandinavian" SCC thres
hold value of 300,000 SC/ml was used. A 
preliminary analysis, using the IDF value of 
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500,000 cells/ml gave almost identical re
sults. Using the IDF mastitis criteria in a 
study similar to the present, Giesecke et a!. 
(1985) found that 79.53% of IM cases, 
28.74% of AM, 66. 1 % of PB and 91.51% 
of N cases persisted throughout twentyone 
24 h periods. These authors also calculated 
the "mean persistence of bacteriologically 
and otherwise diagnostically identical states 
of udder health". The "mean persistence" of 
the normal state (N) was 5.96 days, the 
other health states shorter. Based on these 
findings they concluded that "bovine udder 
health may be regarded as extremely labile". 
The present investigation revealed that 83 % 
of IM cases, 65 % of AM, 58 % of PB and 
93% of N cases persisted from sampling to 
sampling (Table 2). Thus, except for the 
case of AM, the figures are almost identical 
with those of Giesecke eta/. 
Shifts in the SCC based diagnoses were ob
served in 86 cases (Table 3) and in the bac
teriological diagnoses in 143 cases (Table 5). 
Considering transitions, it should be remem
bered that a change in sec level across the 
fixed borderline, either at the start or end of 
a study period or one irreversible change 
during the period results in one shift in dia
gnosis. A reversible change in SCC across 
the threshold value during the observation 
period will result in two shifts in diagnosis. 
Similarly, a change in bacteriological state 
during the study period results in registra
tion of two shifts in diagnosis, but at the 
start and end in one shift only. 
When one uses a transition matrix (seen in 
Table 2), as also done by Giesecke et a/. 
(1985), it is usually assumed that changes in 
time have the same probability for all quar
ters in each of the 4 diagnostic classes, IM, 
AM, PB and N. Shifts in mastitis diagnoses, 
however, do not fulfil this assumption. 
Table 4 clearly indicates that variations in 
sec based diagnoses almost inevitably oc-
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cur in quarters with "normal" sec level 
close to the 300,000 sec threshold value 
and rarely in quarters with other sec levels. 
Within a short period of time, where the 
state of udder health is virtually stable, 
changes in diagnoses caused by crossing the 
SCC threshold are observed. T he observa
tion that a quarter changes diagnosis in this 
way does not necessarily imply an improve
ment or a deterioration in its condition of 
health, but may simply be due to the fact 
that the quarter's sec value lies in the vici
nity of the treshold value. However, the to
tal number of shifts was low (86) and only 
14 quarters were responsible for the majo
rity (53) of shifts. 
For a given bacteriological state, a change 
away from this state did not occur with 
equal probability for all quarters. The pro
bability of shifts does not depend only on 
the present, but also on the previous bacteri
ological state. This is partly in accordance 
with Neave (1975) and Griffin eta!. (1987). 
They hold the view that infectious subclini
cal mastitis diagnoses can safely be based on 
bacteriological examination of 2 successive 
samples. This examination showed, that if 
the present bacteriological state differed 
from the previous, a confirming third test 
was useful in only 67% and 50% of quarters 
with present state negative and positive, re
spectively. This situation concerned very 
few transitions (31) (Table 6) and only 15 
quarters accounted for the majority of bacte
riological variation. 
Turning to the point of view of Giesecke et 
a/. it is evident, that the use of a transition 
matrix which only includes the present bac
teriological state may be misleading. Also, 
the persistence of a mastitis diagnosis will 
clearly depend on the actual measured sec 
value, whether the value is close ·to the 
threshold or not. Thus, calculating the mean 
value of persistence of a mastitis diagnosis of 
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all quarters regardless of the actual sec va
lue does not seem appropriate either. 
The relative stability of the "Scandinavian" 
mastitis diagnoses appear from the fact, that 
the 86 shifts observed in sec based diagno
ses could be referred to 36 of the 180 quar
ters, but only 14 quarters (7.8 %) were re
sponsible for the majority (53/86) of these 
shifts. Similarly, only 19 quarters displayed 
frequent bacteriological variations, changing 
bacteriological state 3 to 6 times of the 8 
possible shifts and accounting for 75 of the 
total of 143 bacteriologically based shifts. If 
bacteria were cultured from cisterne punc
ture samples almost all preceding quarter 
milk samples were positive too. Infrequent 
positive bacteriological state in quarter milk 
samples was related to cisterne negative · 
state. 
Based on the results of the present study it 
must be maintained that, despite variations 
apparent for several quarters, few quarters 
showed frequent shifts. It seems necessary to 
study further the nature of the occassionally 
occurring bacteriological findings, their rela
tion to high and low sec classes and the 
number of colony forming units (CFU) reco
vered from such findings. T he effect on the 
sensitivity and specificity of the bacteriologi
cal test is evident and this will be elucidated 
in a subsequent paper. 
Additionally, it may be concluded that al
though a diagnostic key with a threshold 
value for sec is simple and in our hands 
works well in field work, it gives an incom
plete picture of the dynamic characteristics 
of subclinical mastitis. When utilizing a near 
continuous measure, such as sec, a dicho
tomization will result in a loss of informa
tion. A more sophisticated approach would 
be to perform an analysis of variance with 
random effects. Components of variance, 
influencing the sec level and the level of 
other inflammatory markers could then be 

determined. Statistical studies on the present 
and other materials are in progress. 
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Sammendrag 
Korttidsvariation af yversundhedsstatus. 
I. Dynamiske karakteristika ved subkliniske 
mastitisdiagnoser baseret pd cytologiske og 
bakteriologiske parametre. 
Pa 6 datoer i l0bet af en 9 dages periode blev der 
ved morgen- og aftenmalkning aseptisk udtaget 
kirtelpr0ver og ved afslutningen afperioden cister

Det endelige materiale omfat
tede 13 sret pr0ver fra 4 5 k0er ( 180 ki rtler). Masti
tisdiagnoser blev baseret pa resultater af bakterio
logiske unders0gelser og pa cellebestemmelse. 
300.000 celler/ml blev valgt som grrensev:erdien 
mellem sund og syg. Diagnoseskift blev forarsaget 

af variation af celletallet omkring grrensev:erdien 
og af variation i bakteriologisk status. Effekten af 
variation i begge mastitisdiagnostiske parametre 
blev studeret. Flertallet af diagnoseskift vedmrte 
kun ta kirtler. Variation i den celletalsbaserede 
diagnose indtraf isrer, men n:esten uundgaeligt nar 
en kirtels celletal var t:et ved den valgte grrense
v:erdi. Resultatet af en bakteriologisk unders0gelse 
var afh:engig af bade den tidligere og den seneste 
bakteriologiske status. Bakteriologisk forarsagede 
diagnoseskift indtraf saledes sj:eldent, nar status 
ved to forudgaende unders0gelser var identiske. 
Kirtlernes sundhedsstatus var forholdsvis stabil i 
l0bet affors0gsperioden. 
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