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Osteras O, and Edge VL: Factors prior to dry period associated with high and low
levels of cow milk somatic cell counts in next lactation. Acta vet. scand. 2000, 41,
63-77. — Data from a randomized controlled field study of selective dry cow therapy
were used in which 686 cows had been allocated to 2 control groups (sampling only or
placebo) or 2 therapy groups. Possible factors from previous lactation were assessed in
determining their association with the probability of ‘failure’, designated as a cow milk
somatic cell count (CMSCC) of greater than 399 000 per ml in geometric mean of sev-
eral measurements during subsequent lactation. Success cows were those with a
CMSCC of less than 200000 per ml. For our analyses, this targeted 187 success cows
and 186 failure cows. Therapy was given as a total dose of 400000 IU penicillin and
100 mg neomycin per infected quarter as dry cow preparation once, or as a lactation for-
mula with a total dose of 1.2 million IU penicillin and 1200 mg dihydrostreptomycin
per infected quarter during a 1-week period. Significant factors in the predictive model
for success included therapy, low level of CMSCC (geometric mean of the 3 last tests)
in previous lactation, low level of CMSCC (weighted by daily milk yield mean) in the
herd, young cows, and not having had a case of treatment for chronic clinical mastitis.
Additional information on the probability of failure in treated and untreated cows can
be predicted by number of quarters infected with Staphylococcus aureus approximately
1.5 months before drying off. The models derived are considered for use as tools in se-
lective treatment and culling decisions.

Mastitis; SCC; Staphylococcus aureus; culling decision; selective dry cow therapy.

Introduction

Dry cow therapy can be evaluated in a number
of ways with much depending upon the per-
spective of interest and subsequently the objec-
tives involved. For veterinarians and research-
ers an important aspect would be evaluating the
efficacy of antimicrobial drugs used in dry cow
therapy. This type of work has been done using
the data from this study and is presented in sev-
eral papers (Usterds et al. 1991, Osterds et al.
1994, Osterds & Sandvik 1996, Osterds et al.
1999a, Dsterds et al. 1999b).

Farmers who wish to meet the dairy industry’s
goal for high quality milk, however, would
likely be more interested in how dry cow ther-
apy affects the CMSCC expected in the next
lactation. In many European countries the limit
for shipping milk is 400000 cells per ml. (De
Europziske Fallesskabers Tidende, 1992).
Therefore, many dairies will not allow farmers
to deliver milk to their processing plants, unless
the farmers can limit their bulk milk somatic
cell count (BMSCC) to 400000 cells per ml for
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a period of several months. In Norway, this
limit is set to 400000 per ml (geometric mean)
over the last 3 months. Additionally, there are
penalty and premium limits which are set
yearly. Presently, the penalty is set at between
300000 and 400000 per ml, and the premium
limit between 200000 and 250000 per ml
(Landbruksdepartmentet, 1996). Thus, with re-
spect to these penalties and premiums, being
able to predict the performance of a cow in the
next lactation is vital to the farmer’s manage-
ment strategy. To avoid being withdrawn from
the market, it would be wise for a farmer to con-
sider slaughtering those cows that tend to push
the BMSCC above the limits imposed by the
dairy. Conversely, it would be important to
know if certain cows are expected to have
CMSCC below 200000 during the next lacta-
tion, as they would help to maintain a standard
of premium quality milk. Such expected values
could then potentially be used as guidelines for
decision-making regarding culling and treat-
ment strategies.

The results of a study on selective dry cow ther-
apy by Osterds & Sandvik (1996) showed that
despite dry cow therapy, about 20% of the cows
remained above 399000 per ml in mean
CMSCC. Twenty-five percent of the cows in the
(untreated) control group continued into their
next lactation with a mean CMSCC below
200000 per ml. Using these data, this study will
attempt to distinguish between failure (non-re-
sponders) cows in the therapy group (those with
an expected CMSCC of more than 399000 in
the next complete lactation), and success (re-
sponders) cows in the control group (less than
200000), based on various recorded factors. In
the paper of Jsterds & Sandvik (1996), which
was based on these same data, a model using all
the cows and CMSCC as a continuous variable
was presented. In this paper we wanted to ex-
plore in more detail what could predict the ex-
tremes of being a clear success or failure cow,
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using logistic regression models. Cows in the
therapy group which are deemed ‘failures’
would be potential candidates for slaughter,
whereas the success cows in the control group
would be candidates for no treatment. Under
practical mastitis control using selective dry
cow therapy, cows not fitting either of these 2
extremes would be candidates for dry cow ther-

apy.

Materials and methods

A total of 686 cows from 288 different herds
representing 3 Norwegian regions fulfilled the
initial inclusion criteria of the study design,
which were to have above 100000 per ml in
CMSCC for the last 2 composite samples and a
positive diagnosis for subclinical mastitis at any
quarter 45 + 32 days before drying off. These
animals were systematically randomly allo-
cated to 4 groups A, B, C and D; B and C were
double blind. There were 104 cows in the con-
trol group, which were sampled without treat-
ment of any kind (group A), and 116 cows in a
second control group given a placebo with base
ointment of Benestermycin® vet. ‘Leo’ without
antibiotics (group B). As descriptive statistics
were unable to reveal a significant difference
between the 2, groups A and B were considered
as one control group for this study. Group C
animals were given one injector of long-acting
Benestermycin® vet. ‘Leo’, (Ballerup, Den-
mark), at drying off. Group D was treated with
4 injectors (one every second day before drying
off) of short-acting Leocillin® with Dihydros-
treptomycin vet. ‘'Leo’ . Groups C and D consist
of 222 and 244 cows respectively. A more de-
tailed description of the data can be found in
Osterds et al. (1991), Dsterds et al. (1994) and
Osterds & Sandvik (1996).

To qualify for inclusion in the modelling proce-
dure, cows had to have at least a bacteriological
diagnosis with a major pathogen (Staph. aureus
(20% of all quarters), Strep. dysgalactiae (5%
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Table 1. Proportion of samples! (p) testing positive before dry period, and odds ratio? (OR) of that class vari-
able at the quarter level, when tested for the probability of being a failure? cow during the next lactation.

Variable Diagnosis Quarter p and OR (P-value)
code First sample Second sample
V1/V5 Quarter Left front 0.17 20* 0.21 1.0NS
V2/V6 diagnosis Right front 0.21 2.5 **+* 0.25 1.7*
V3/v7 with major Left hind 0.33 1.9 ** 0.32 1.3NS
V4/V8 pathogen at Right hind 0.28 1.9* 0.30 1.8*
VI9/vV13 Isolation of Left front 0.14 20* 0.18 1.ONS
V10/V14 Staph. aureus Right front 0.20 2.4 ** 0.21 1.5NS
V11/V15 at Left hind 6.26 1.7%* 0.27 1.3NS
V1i2/Vieé Right hind 6.25 1.5(0.11) 0.27 1.7*
V1i7/v21 Isolation of Left front 0.01 .51 NS 0.62 0.15 (0.10)
Vig/v22 penicillin Right front 0.03 0.88 NS 0.02 4.2 (0.12)
V19/V23 resistant Left hind 0.03 1.2 NS 0.03 1.3NS
V20/vV24 strain of Right hind 0.03 11.7# 0.02 2.5NS
Staph. aureus at
V25/V25 Isclation with Left front 6.06 0.73NS 0.05 i.6NS
V26/V30 coagulase Right front 6.6¢ 0.53(0.10) 0.05 0.35*
V27/V3t negative Left hind 0.06 0.58 (0.16) 0.06 1.5NS
V28/V32 staphylococci Right hind 0.10 0.63 NS 0.09 (.87 NS
(CNS) at

! First sample = 45 + 32 days before drying off; Second sample = at drying off.

2 Odds ratios adjusted for the effect of therapy.

3 Failure = Cow having geometric mean CMSCC > 399000 during the follow-up lactation compared to

<200000 mI!.

NS; not significant; * p < 0.05; ** p < 0.01; ¥** p<0.001.

of all quarters) and one quarter with Strep. aga-
lactiae), or a minor pathogen (mainly coagulase
negative staphylococci) combined with a Cali-
fornia Mastitis Test (CMT) score higher than 0
according to Schalm et al. (1971) in any quarter
in first sampling 45 + 32 days before drying off.
Sampling was also done at drying off, at calv-
ing, and at 30 £ 17 days after calving. Bacteri-
ological diagnoses were based on Nordic rec-
ommendations (Klastrup & Madsen 1974); for
further description and results, consult Jsterds
et al. (1991 and 1994). The cow diagnosis at a
specific sampling was defined as the highest di-
agnosis score in any quarter. Scores are defined
as: 0 = healthy, low CMT score and no bacteri-

ological findings; 1 = high CMT score and no
bacteriological finding; 2 = high CMT score
and isolation of minor pathogens; 3= normal
CMT score, but with major pathogens; 4 = high
CMT score and finding of major pathogens.

Bacterial resistance to penicillin was tested by
using Neosensitabs®, (A/S Rosco, Taastrup,
Denmark), according to Cascals (1983). All
relevant production data and events such as
calving, culling and disease, were extracted
from the animal recording database run by the
Norwegian Dairy Association (Solbu 1983).

Cows were classified as either success or failure
according to the geometric mean of the
CMSCC during the complete lactation after the
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Table 2. Proportion of samples! (p) with a positive value?, minimum and maximum values (Range) before dry
period and odds ratio® (OR) of the variables of bacteriology diagnosis at the cow level when tested for probabil-

ity of being a failure* cow during the next lactation.

Variable  Variable (figure in brackets refer to cow Sampling Range Mean p OR (P-value)
code diagnosis) time (min-max)

V33 Cow diagnosis with major pathogen First 0-1 0.73 2.7 ***
V34 (<2) Second 0-1 0.65 2.6 ***
V35 Cow diagnosis with major pathogen First 0-1 039 1.7*

V36 and positive CMT (>3) Second 0-1 0.50 1.9 **
V37 Number of quarters with positive First 0-4 1.36 1.0NS
V38 CMT Second 0-4 2.51 1.18 *
V39 Number of quarters with major First 0-4 0.45 1.54 *
V40 pathogen and positive CMT (>3) Second 0-4 0.72 1.55 ***
V4l Number of quarters with First 0-4 0.85 1.84 ***
V42 Staph. aureus isolates Second 0-4 0.92 1.36 **
V43 Having at least one quarter isolate of ~ First 0-1 0.61 237 ***
V44 Staph. aureus Second 0-1 0.57 2.38 ***
V45 Isolation of penicillin resistant strain First 0-1 0.08 1.84(0.13)
V46 of Staph. aureus at any quarter Second 0-1 0.08 1.36NS
va7 Proportion of quarters with CNS First 0-4 0.34 0.61 **
V48 isolates Second 0-4 0.25 0.96 NS

! First sample = 45 + 32 days before drying off; Second sample = at drying off.

2 p = proportion with a value of 1 (positive);
3 Odds ratios adjusted for the effect of therapy.

4 Failure = Cow having geometric mean CMSCC > 399 000 during the follow-up lactation compared to

<200000 ml'.

NS; not significant; * p < 0.05; ** p < 0.01; *** p < 0.001.

dry period. All cows included in the model
building part of the study had values either ex-
ceeding 399000 per ml during that lactation
(failure), or below 200000 per ml (success),
thus cows with values between 199000 per ml
and 400000 per ml were excluded. This re-
sulted in data from 187 success cows and 186
failure cows being used in the model building.
The number of tests contributing to these mean
values ranged from 3 to 7. The 123 excluded
cows with CMSCC between 199000 and
400000 were used subsequently to test how the
model would identify them as success or failure
cows. One hundred cows were excluded due to
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less than 3 CMSCC samples in next lactation.
Additionally, 90 cows had missing data from
the lactation before therapy and thus could not
be used in the model building.

Independent variables

The bacteriological results which were assessed
as potential independent variables from first
sample (45 + 32 days) and at second sample (at
drying off) are presented in Table 1 (at quarter
level) and Table 2 (at cow level). Table 3 shows
the independent variables generated from indi-
vidual records of the animal recording scheme.
These include different combinations of
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Table 3. Mean values, minimum and maximum values (Range) for dairy recording variables during lactation
before dry period, and odds ratio! (OR) when tested for probability of being a failure? cow during in the next lac-

tation.

Variable Variable Mean Range OR (P-value)

code

LAC2 Lactation number over one (class) 0.76 0-1 2.9 *xx

LACS Lactation number over four (class) 0.18 0-1 2.3 **

V57 Mean natural log (In) of all cow somatic 5.811 3.33-7.86 3.18 ***
cell count (CMSCC) # during lactation
before therapy

V58 Weighted® CMSCC* during lactation 460 24-2710 1.20] ***

V59 Ln of CMSCC* in last sampling before 5.959 2.197-9.081 2,113 ***
drying off

V60 Mean In of the two last CMSCC* 5.867 2.86-7.74 3,11 **x*
before drying off

V61 Weighted® mean of the two last CMSCC* 500 17-4390 1.161 ***
before drying off

V62 Mean In of the three last CMSCC* 5.784 2.68-17.55 3.20 ***
before drying off

V63 Weighted® mean of the three last 473 14-3156 1.174 ***
CMSCC* before drying off

V64 Treated for (t.) any mastitis in previous 0.21 0-1 1.63 (0.06)
lactation (prev.lact.).

V65 T. chronic clinical mastitis prev. lact. 0.07 0-1 2.64 *

V66 T. acute clinical mastitis prev. lact. 0.13 0-1 1.10NS

V67 T. teat tramp prev. lact. 0.02 0-1 1.39NS

V71 Milk yield lactation before therapy (kg) 5.971 3130-11849 1.10NS

V72 Number of dry days after therapy 77.0 29-242 1.00 NS

! Odds ratios adjusted for the effect of therapy.

2 Failure = Cow having geometric mean CMSCC > 399 000 during the follow-up lactation compared to

< 200000 ml!,
3 Weighted by milk yield on test day. 4in 1000 per ml

NS; not significant; * P < 0.05; ** P<0.01; *** P<0.001.

CMSCC, lactation number, milk yield, and
clinical disease during the lactation before ther-
apy. Lactation number was introduced by creat-
ing hierarchical dummy variables (Walter
1987); in all models, only 2 levels were found to
be significant, namely lactation number greater
than one and greater than four. At the herd
level, variables included: mean milk produc-
tion, weighted (by daily milk yield) arithmetic
mean of all CMSCC, as well as geometric mean
of all CMSCC for all cows in the herd during
the study period, true incidence of cases treated

for acute clinical mastitis, clinical mastitis, all
types of mastitis, ketosis and milk fever. These
are presented in Table 4. The variable codes
used in the study are presented in Tables 1
through 4. The mean CMSCC and true inci-
dence rates for cases were calculated according
to the recommendations from the International
Dairy Federation (IDF), (1997).

To evaluate the dynamics of CMSCC at the
herd level, a cut-off value of 200000 per ml, as
proposed by Dohoo & Leslie (1991) was used
to create 2 descriptive variables. Variable V83
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Table 4. Mean values, minimum and maximum values (Range) for the herd level variables generated from the
dairy recordings during the study period, and odds ratio! (OR) when tested for probability of being a failure? cow

during in the next lactation.

Variable Variable Mean Range OR (P-value)

code

V73 Mean number of cow-years 13.8 4-67 0.98 NS

V74 True incidence rate? of all mastitis treatments 0.39 0.00-1.22 0.97 NS

V75 True incidence rate® of all clinical mastitis 0.38 0.00 - 1.22 0.94 NS
treatments

V76 True incidence rate® of acute clinical mastitis 0.26 0.00-0.78 0.65 NS
treatments

V77 True incidence rate? of teat tramps treatments ~ 0.04 0.00 - 0.25 0.05 NS

V78 True incidence rate? of ketosis treatments 0.22 0.00-1.26 0.57 NS

V79 True incidence rate® of milk fever treatments 0.06 0.00-0.29 3.50 NS

V80 True incidence rate? of culled cows 0.42 0.16 - 0.79 0.15*

V8l Weighted CMSCC for all sampling in a herd 279 103 - 737 1.007***
in 1000 per ml

V82 Geometric mean of all CMSCC samples in the 124 51— 466 1.015%**
herd during the study period in 1000 per ml

V83 Incidence of new cow somatic cell counts 0.60 0.26-1.14 38.6%**
>200000 during study period divided by
number of cows

V84 Incidence of new cow somatic cell counts 0.25 0.08 - 0.70 2.33 NS

<200000 during study period divided by

number of cows

! Odds ratios adjusted for the effect of therapy.

2 Failure = Cow having geometric mean CMSCC > 399000 during the follow-up lactation compared

to < 200000 ml!.

3 True incidence rate = Number of events of interest divided by number of cow-years in the study period
NS; not significant; * p < 0.05; ** p<0.01; *** p<0.001.

was calculated by dividing the total number of
new events of CMSCC values exceeding the
200000 per ml value, by the total number of
cows within the herd. V84 was derived by di-
viding the number of new events less than the
cut-off by the total number of cows in the herd
(Table 4).

Statistics

Tables 1 to 4 outline the independent variables
considered in simple logistic regression mod-
els, (SAS Institute Inc. 1987) with the probabil-
ity of failure (CMSCC greater than 399000 in
the next lactation) as the outcome, and adjust-
ing for the effect of therapy group. Quarter level
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variables (V1 to V32 in Table 1) were always in-
cluded as sets of 4 quarters.

All variables having a p-value <0.15 were col-
lected for assessment in a multi-variable model
using logistic regression. Where correlation
between independent variables at levels higher
than 0.1 and significant at p<0.05 was detected,
only one of these was selected for inclusion in
the multivariable analysis if other reasons for
inclusion were not recognised.

Models included variables that used informa-
tion from the first, second, and combinations of
first and second bacteriological sampling. The
backward elimination process was used to
create the final multivariable models, retaining
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those variables with a p-value of 0.05 or less.
Interactions and second degree terms were
tested with the final model variables seperately
one by one. The effect of therapy was forced
into all models. Since results within any given
herd would likely be more similar than
between, we tried to correct for this by treating
this variable as random effects in PROC GEN-
MOD (SA4S Institute Inc. 1991). This serves to
correct for the lower variation within, as op-
posed to between observations, for a given var-
iable, in assessing the true effect of that variable
in the overall model. The best fitting models
were found when using an exchangeable work-
ing correlation structure.

Finally, cows having CMSCC above 399 000
per ml were contrasted with those having less
than 200000 per ml by using the model to
estimate failure probabilities based on different
sets of values for certain explanatory variables.
The specificity and sensitivity for the models
were also calculated within the restrictions of
the selected material for the study population,
excluding cows with CMSCC values between
199000 and 400 000.

Results

The 187 success and 186 failure cows that
qualified for inclusion were from the 2 therapy
groups, C (n=121) and D (n = 139), and con-
trol groups A (n=58) and B (n = 55).

Groups C and D were not significantly differ-
ent. With the probability of failure as the out-
come under consideration, the comparison
between the common control group and Group
C, resulted in a crude odds ratio of 0.45 (with
95% confidence interval: 0.27-0.76; p<0.01).
The OR resulting from the comparison of the
control group and Group D was 0.55 (0.33-
0.90; p<0.05).

Only 2 sets of quarter level variables were sig-
nificantly associated with success or failure in
CMSCC, when adjusted for therapy. These

were the diagnosis of a major pathogen (V1 to
V4) and an isolation of Staph. aureus (V9 to
V12), both at first sampling. None of the quar-
ter level diagnoses at drying off were signifi-
cantly associated with success or failure in
CMSCC. Though both sets, V9 to V12 and V1
to V4, were significant, the latter set was chosen
for the multivariable model found in Table 1.
This was because the grouping of V9 to V12
(Staph. aureus) is, in essence, a subset of the
variable set V1 to V4 (major pathogen).

For data generated from bacteriological diag-
noses at cow level (Table 2), most of the vari-
ables were highly significant. They also showed
a strong correlation with variable V41 (number
of quarters with Staph. aureus isolates at first
sampling and at second sampling (drying off).
In fact, V41 was also correlated with the quar-
ter level set of variables V1-V4 (Table 1). Since
it was the only variable that contributed signifi-
cantly to the model when combining Tables 1
and 2, only V41 was used in the multivariable
model, thus representing both the quarter and
cow level diagnostics at first and second bacte-
riological tests.

Assessing the effect of lactation included as
hierarchic variables (Walter 1987) and adjust-
ing for therapy group revealed that with respect
to the probability of being a failure cow, both
lactation groups greater than one (OR = 2.9;
p<0.001) and greater than four (OR = 2.3;
p<0.01), were significant risk factors (Table 3).
Other significant variables were the different
combinations of the CMSCC for previous lac-
tation, and the mean of the last 3 tests before
drying off (V62). Due to the correlation
between variables V57 through V63, which are
based on different numbers of samples of
CMSCC, only the best predictor (the mean of
the last 3 tests) was selected for the final model.
Of the clinical disease variables, V64 (the cow
being treated for any mastitis the previous lac-
tation) and V65 (treated for chronic clinical
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Table 5. Odds ratio with 95% confidence interval (in parentheses) ) from the multivariable models for predict-
ing a failure! cow in next lactation after dry period. Two different models? are described.

Independent variable and model sensitivity

and specificity

Odds ratio with confidence interval
Model la Model 1b

Group C (long acting) versus controls (A+B)
Group D (short acting) versus controls (A+B)
Above 1 lactation (DUMLAC2)

Above 4 lactations (DUMLACS)

Number of quarters with S. aureus isolate
(V41) OR increase per quarter infected

Mean of 3 last CMSCC (623,000 versus 167,000) (V62)
At least 1 case of chronic clinical mastitis

in previous lactation (V65)

Weighted mean of CMSCC in the herd (V81)
(364,000 versus 184,000)

0.35 (0.20-0.62)**
0.45(0.25-0.81)**
2.33 (1.38-3.93)**
2.14 (1.07-4.29)*

0.35 (0.19-0.63)***
0.47 (0.26-0.87)*
2.4 (1.41-4.11)**
2.12 (1.06-4.25)*
1.59 (1.21-2.1)***

2.41 (1.66-3.51)***
2.78(1.12-6.91)*

2.17 (1.48-3.20)**
2.82 (1.11-7.15)*

2.60 (1.53-4.41)%** 269 (1.53-4.73)***

“Best” sensitivity and specificity
Sensitivity at specificity=.90

0.70 and 0.70
0.40

0.70 and 0.70
0.38

! Failure =
to < 200,000 ml!.

Cow having geometric mean CMSCC > 399000 during the follow-up lactation compared

2 Model 1a: Bacteriology not included; Model 1b: Bacteriology at 45 + 32 days prior to drying off included.
NS; not significant; * p < 0.05; ** p < 0.01; *** p < 0.001.

mastitis the previous lactation) were found to
be significant. Since V65 completely involved
the effect of V64, as supported by their correla-
tion, it was chosen as the best predictor to be
used in further modelling.

Four significant variables which were found to
be eligible for the multivariable model (Table 4)
were: V80 (the true culling rate), V81 (the
weighted mean CMSCC for all samples within
a herd during the study period), V82 (the corre-
sponding geometric mean) and V83 (the inci-
dence of new CMSCC above 200,000 per ml
during the study period). Variables V81, V82
and V83 were found to be significantly corre-
lated, thus V81 was chosen to be representative
of the effects of V82 and V83.

In summary, variables V41, V62, V65, V80,
V81 and lactations greater than 1 and 4 were as-
sessed in the final multivariable model. The ef-
fect of therapy groups C and D was forced into
the model. All of these variables, except for
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V80, were significant in the multivariable situ-
ation.

Testing for interactions and second powers sep-
arately, the following significant terms were
found: interaction between Group C and V62
(p<0.05); between V65 and lactation numbers
greater than 4 (p<0.05), and V65 and V81
(p<0.05). The second power of V62 was signif-
icant at p<0.01; the second power of V81 was
very close to significant (p = 0.06). Due to
problems associated with overfitting, only sim-
ple effects were included in the final model. Ad-
ditional knowledge of bacteriology (number of
quarters with Staph. aureus isolate) improved
the model, however, the sensitivity increased
only slightly at very high specificity. The highly
significant correlation between V41 and V62
(p=0.24; p<0.001) indicates that they are ex-
pressing similar information. However, inclu-
sion of bacteriology information added signifi-
cantly to the model, so both were retained.
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Evaluation of Models

To evaluate the models that resulted from fitting
the data, different scenarios can be described
and estimates of the probabilities of failure can
be determined by solving for p(y) = exp (B) /
[1 + exp (B)]. The model equations described by
Models la and 1b (Table 5) are as follows:

Model 1a:
B=-6.774-1.0526C — 0.795eD + (.844eLac2 +
0.76eLac5 + 0.880V62

+ 1.02ev65 + 0.0053ev81

Model 1b:
B=-6.617-1.062¢C—0.75eD + (.88eLac2 +
0.751eLac5 + 0.465ev41 + 0.776ev62

+ 1.037ev65 + 0.0054ev81

The sensitivity (proportion of cows with
CMSCC above 399000 correctly predicted as
failure cows) and specificity (proportion of
cows with CMSCC below 200000 correctly
predicted as success cows) for the selected ma-
terial in the study for Models 1a and 1b are pre-
sented in Fig. 1.

Percentage

Figs. 2 a - 2 d, which show probability curves
for a cow in second or third lactation, not
treated for chronic clinical mastitis during pre-
vious lactation and from a herd with weigthed
CMSCC of 150000 per ml and different situa-
tion of Staph. aureus infections, illustrate the
use of these equations in calculating the prob-
abilities of being a failure cow.

Table 6 presents the estimated mean probabil-
ities of failure for each of the therapy groups
(control, groups C and D) for cows used in this
analysis, when fitting the model for that specific
therapy group. Also given in this table are the
outcomes for the cows that were excluded from
the model process, namely those with a mean
CMSCC in the next lactation which fell
between 199,000 and 400,000 per ml, or those
without a CMSCC tests result (possibly culled).
The estimated probabilities for cows excluded
from this study had a mean CMSCC that was
closer to the failure cows than to the success
COWS.

Using the information for all the cows, Figs. 3 a
through 3 ¢ present the observed relative per-
centage of success, failure and “between” cows

=8 Sensitivity 1a

—o==Spesificity 1a

= Sensitivity 1b

=8 Specificity 1b

Probability

Figure 1. Sensitivity ( percent failure cows classified correctly as failures) and specificity (percent success
cows classified correctly as successes) according to estimated probability of a failure cows using Model 1a and

1b (Table 5).

Acta vet. scand. vol. 41 no. 1, 2000



9. Dsterds & V. L. Edge

72

‘snaanp ydpi§ Yim sisyzenb
samy Jo a8paymouyy :q | [opow Suisn) :pg 2SI snainy ydpig Yiim 193renb suo jo a3pajmoury :q | [opour Suisp) 07 2anS1 ‘snadnv ydvig ou Jo 33pa
-[mouy| :q [ [opowr Suisny :qz 231 ‘a8pajmour [eo150[0110)0q OU YIIM ' | [opout Fuisp) ez aimTi] ‘[wi 1od (g OS] sem pouad Apmys Fuump plaif yju
Arep £q pawySram DDSIAD JO Uesw pIoy & pue ‘uoneioe] snoisaxd oyj Sunmp snISew [ESIUI[O SIUOIYD 0] PJBaI) JOU ‘UOIIeIoR] PIIY} JO PUOIAS U ST MOD
ey} a1oym ‘(Sunoe-jioys)  Aderoyy yim pue (Sunoe-guoy) D Aderoyy yum ‘Aderoys Inoyim mod € JuasaIdal SSAIND 921y} Y ], "SIXe-X U0 Jo SuikIp 210§
-2q $1591 ISB] € 2y} JO ueaW dryowoad se [ux 1od 0O U DISIND Y3 Isurede papofd ‘pourad A1p oy 19)J UOTIRIOR] IXOU Y} 10J (DDSIALD) JUNOD [[39 dnew
-os yw 9y1sodwos ueswr orowoad ut [w Jad (ssa00n8) 000 00T MOF2q SnsIaA (aan[Ie}) 000 66 2A0qe Juraey moo & Jo Afiqeqoid oy, "p 03 ® g 21nJ1g

205WD DOSWD

2 & & & & & & & & & @

& & & & @ é@ & & & & @ &

N PO}
) WM POIET e
PIEIL) 100 g

fmavaosd
<unqeqorg

AW PN i
> WM PIELT) g
PIIERL) 10U g

pc o¢
o't
DISKWO
N
& & & & & & & & & & @
o'o
3
3 H
i 4
E
H 3
t'e
A D PIIERT) 0 TN PINEIL) et
D WM PR} o T D GHM PIEIL) e LU
PIIVIL) 10U g PIERL] 10U g
=t > - P T 60
i “ qc Eg L

Acta vet. scand. vol. 41 no. 1, 2000



Factors associated with cow milk SCC

Table 6. Mean estimated probabilities (p), according to Model 1b (Table 5) of being a failure cow! grouped ac-

cording to the actual therapy group for all cows in the study.

Observed geometric mean Group D Group C Controls
somatic cell count during

lactation after the dry period. n p£STD n p£STD n P+STD
a) <200,000 per ml 74 36%.22 70 33+.21 43 44+ 21
199,000 to 400,000 per ml 39 56+.24 44 43+ 24 40 .59+ .21
a) > 399,000 per ml 65 58+.23 51 55+.23 70 73+£.19
Missing or few data on geometric 33 61+.23 26  46+.27 41 61 +.21
CMSCC in next lactation (possibly culled)

Unable to estimate model due to 33 31 26

missing data in previous lactation

Total number and mean estimates 244 51+.25 222 43+ .25 220  .61+.23
from model

! Failure = Cow having geometric mean CMSCC > 399000 during the follow-up lactation compared

to < 200,000 ml.
a) These cows were used to build the models.

within groups of recommended advice for each
cow, using Model 1 b, and what treatment was
actually given in the study. These were calcu-
lated at a model specificity of 0.90. A probabil-
ity of 0.70 for failure (from Fig. 1) was chosen
as the cut-off value at which the farmer would
be advised to cull. To advise no therapy, a sen-
sitivity of 0.90 and thus a probability of 0.30 for
failure (Fig. 1) were chosen as the cut-off
points. For instance, Fig. 3 ¢ describes those
cows for which culling would have been recom-
mended based on Model 1 b. Of all the cows
which actually went untreated, 18.6% had less
than 3 sampling results, 7.0% had a mean
CMSCC less than 200000 per ml (thus self
cures), 11.6% had a mean CMSCC between
199000 and 400000 per ml, and 62.8% had a
mean CMSCC of greater than 399000 per ml
(thus, failures). The largest differences between
treated and untreated cows were seen in the
group where culling would have been advised
(Fig. 3c). Only 21.3% to 23.9% of these cows
had success with therapy, and 7.0% without
therapy. For cows where no dry cow therapy
was recommended (Fig. 3a), 80% to 81.8%

were successes in the treated groups (Groups D
and C respectively), and 70.4% in the untreated
group (a gain of 10% to 12%). In the group of
cows where therapy would have been advised
(Fig. 3 b) this corresponding gain was 14% to
17% (compared to Groups C and D respec-
tively).

Discussion

The results of this study are comparable to
those in Osterds & Sandvik (1996), in which
similar regression analyses were done, with the
mean CMSCC after the dry period as a contin-
uous dependent variable. They found that ther-
apy, lactation number, geometric mean of all
composite cow milk samples in previous lacta-
tion, and microbial findings were significant
factors. No significant differences were deter-
mined between therapy Groups A and B, or
between Groups C and D. Rather than using
CMSCC as a continuous variable, this study de-
fined success and failure categories that reflect
important cut points in the Norwegian dairy
quality production. This study can thus be char-
acterised as a case / control (or contrast) study.

Acta vet. scand. vol. 41 no. 1, 2000



74 . Psterds & V. L. Edge

Cows advised for no therapy nor culling according to model 1b
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%
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H
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£
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* b 120
9,1 74 M 74
L 40 40
0
3a missing or few data success (<200,000) between 199,000 and 400,000 failure (>399,000)
Observed results on CMSCC per ml during next lactation in the study
Cows advised for dry cow therapy according to model 1b
100
- W got no therapy (x=124)
Dlgot therapy C (n=123)
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g
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missing or few data success (<200,000) between 199,000 and 400,000 failure (>399,000)
Observed results on CMSCC per mi during next lactation in the study
Cows advised for culling according to model 1b
100
%
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Wgot no therapy (a=43)
» Digot therapy C (n=46) as
Bgot therapy D (u=61)
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0
missing or few data success (<200,000) between 199,000 and 400,000 failure (>399,000)

Observed results on CMSCC per ml during next lactation in the study

Figure 3 a to c. Proportional rate (Percentage) of cows with the observed result according to the data in the
study classified as missing or few data on cow milk somatic cell counts (CMSCC) in next laxtation, success (less
than 200000 per ml), “between” (199000 and 400000 per ml) or failure (>399 000 per ml) due to geometric
mean of CMSCC during the next lactation; grouped according to the therapy the cows were actually given. Fig-
ure 3a consist only of cows that according to Model 1 b should be given the advice of not to be given dry cow
therapy nor culled, figure 3b cows advised for dry cow therapy and figure 3¢ cows advised for culling.
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This provides more of a pedagogical approach
for general use in farming and veterinary prac-
tice with regards to utilizing the models derived
here.

The factors identified as associated with failure
are also relatively consistent with those asso-
ciated with cure rate (defined by presence or ab-
sence of major pathogens) as found in Dsterds
et al. (1999a). Common predictive factors are
the geometric mean of the 3 last tests for
CMSCC before drying off, and mean of all
CMSCC test results in the herd during the study
period (V81) weighted by the yield on the sam-
pling day.

The final model only contained simple effects,
since fitting interactions made the model very
unstable due to overfitting. The effect of this
can be seen in the large variation in the OR val-
ues. For instance, including the interaction of
therapy Group C and V62 resulted in a huge
confidence interval on the OR (30.9) for the
variable representing Group C versus the con-
trol group (0.44 to 2174) in Model 1 a. This was
also found in Model 1 b, where the confidence
interval on the OR of 47.8 was 0.67 to 3402.
Without the interaction term, these values be-
came much smaller, with reasonable confidence
bands (Table 5). This resulted in the decision to
model only the simple effects. Since the rela-
tively small sample sizes available in this study
could be the cause of the instability, these inter-
action effects might be tested more successfully
in a larger scale study of this sort. Of particular
interest is the interaction between therapy
groups and cell counts.

The effect of clinical mastitis was different in
this study as compared to the study of major
pathogens (Dsterds et al. 1999a), wherein the
variable most significantly associated with fail-
ure was acute clinical mastitis. In this study,
previous treatment of chronic clinical mastitis
was the most significant variable. This could be
due to acute cases potentially being caused by

both Escherichia coli and major pathogens like
Staph. aureus, whereas chronic cases are per-
haps more related to major pathogens with low
cure rate and thus high CMSCC.

The associations of both age and high CMSCC
with failure in therapy are consistent with the
results of Sol et al. (1994). It was found both in
this study and in the study of major pathogens
(Dsterds et al. 1999a) that the geometric mean
of the last 3 test values for CMSCC before dry-
ing off was a better predictor than the mean
from fewer tests or from the complete lactation.
Due to the records available in Norway from the
health card system and the animal recording
system, it was also possible to test herd level
variables. From this, it was discovered that
when advisors and veterinarians are making
recommendations to farmers in setting up a se-
lective dry cow therapy program, it is important
to take into account both the general level of
CMSCC in the herd and previous treatments of
clinical mastitis (individual cow).

Additionally, bacteriology at quarter level
(number of quarters infected) can provide in-
formation in predicting the expected cure rate
after therapy. It was surprising that the bacteri-
ological test results at drying off had no signif-
icant association with the CMSCC outcome,
however, the identification of number of quar-
ters with Staph. aureus 1 month before drying
off, as a predictor, is very consistent with the
study of Sol et al. (1994). Due to the resulting
sensitivity and specificity of the different mod-
els, there is an indication that the inclusion of
bacteriological information does not add signif-
icantly to the model (Fig. 1). However, in con-
sidering cows that are borderline, with regards
to the culling or treatment decision, the bacteri-
ology could play an important role. An example
of this would be cows with a status as presented
in Figs. 2a-2c, having a mean CMSCC between
100 and 250000. Treatment advice for cows in
this CMSCC range would be improved depend-
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ing on their bacteriological status. Since values
within this particular CMSCC range are quite
common in Norwegian dairy herds (approxi-
mately 20% to 25% of the cows, unpublished
data), this information would be of great use to
a large segment of the population.

Also of importance in the decision making pro-
cess is the general herd level of the CMSCC. At
levels of 300000 and up, the probability curves
change considerably in that they are much
closer together, start at a higher probability
level, and consequently indicate that blanket
dry cow therapy would be appropriate. How-
ever, since the probability of failure is so high,
the advice regarding culling would be directed
at mean CMSCC levels of around 300000 to
400000 per ml. This is caused by estimated ex-
pected poor results from the dry cow therapy.
The implications here are that improvements in
general herd management would enhance the
results of dry cow therapy.

The authors are aware that one should not test
models based on the material upon which they
were built. However, we did wish to use Table 6
and Figure 3 to illustrate how estimated
probabilities in the excluded cows (due to
missing data and CMSCC between 199 000 and
400000 per ml in the next lactation) would
compare to the cows used in the model. A true
evaluation of the models have to be done in a
new material before generalizing.

The models as described in this paper are use-
ful as a tool in indicating cure rate, as well as
self-cure rate, according to expected CMSCC
level in next lactation. The presented predicted
probabilities in fig. 2 indicates only means for
simplicity reasons. However, one should be
aware that the estimates have a certain variation
indicated by the confidence intervals in Table 5.
One should also be aware that the economic op-
timal time for culling decision for a pregnant
cows is not at the time of drying off, but rather
partly into the next lactation. Thus, care should

Acta vet. scand. vol. 41 no. 1, 2000

be taken in how these results are used. However,
in herds with mastitis problems, information on
the level of expected CMSCC values in the next
lactation could be used as a guide in helping
farmers, veterinarians and other advisors to
meet their goal of high quality milk production
management through selective dry cow therapy
and culling recommendations.
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Sammendrag
Faktorer for torrperioden assosiert med hoyt eller
lavt nivad av kucelletall i pdfolgende laktasjon.

Et behandlingsforsgk ved avsluttende laktasjon (sin-
ing) av kyr ble benyttet for 4 identifisere faktorer as-
sosiert med sannsynligheten for suksess (n = 187)
eller fiasko (n = 186) bedemt ut fra kucelletall i neste
laktasjon. Suksesskyr var kyr med lavere enn 200 000
pr. ml i geometrisk middel kucelletall hele neste lak-
tasjon, mens fiaskokyr hadde heyere enn 399 000 pr
ml i hele neste laktasjon. Forsgket hadde 4
forseksgrupper; en gruppe kyr med bare prove-
taking, en med placebo med basegrunnlaget av Be-
nestermycin® vet. ”LEO”; en gruppe med Benester-
mycin® vet. "LEO” og en gruppe med Leocillin®
med dihydrostreptomycin vet. "LEO”. Det ble benyt-
tet logistisk regresjonsanalyse korrigert for effekt av
kluster pa gérdsniva for 4 identifisere mulige risiko-
faktorer. Faktorer av betydning for & forutsi suksess
ut fra modellen var lavt kucelletall (geometrisk mid-
del av de 3 siste tester i kukontrollen) i forregdende
laktasjon, lavt beregnet buskapscelletall ut fra alle
kucelletall (veid pd melkemengde pa kontrolldato) i
hele forsgksperioden, yngre kyr (alder), og fraver av
behandling for kronisk klinisk mastitt i foregdende
laktasjon. Tilleggsinformasjon om sannsynligheten
for at ku ble en suksess eller fiasko etter en
terrperiode i bade behandlede og ubehandlede kyr
var antall kjertler infisert med Staph. aureus 45 £ 32
dager for avsining. Kyrne som ble klassifisert som fi-
askokyr hadde 2,1 til 2,9 ganger sa stor sjanse til &
tilhere den gruppen som ikke var behandlet med anti-
biotika ved avsining i forhold til de som var behand-
let med antibiotika. Det var ingen betydelig forskjell
mellom de to typer behandlingsregimer med antibio-
tika. P4 det materiale som var selektert til forsoket
hadde denne modellen en sensitivitet og spesifisitet
pa 70% for & klassifisere suksess og fiaskokyrne i
korrekt gruppe. Modellene som ble utledet blir vur-
dert som hjelpemidler til beslutningstagen om selek-
tiv behandling i terrperioden eller som stetteverktoy
i utrangeringsbeslutninger.

(Received March 20, 1999; accepted November 10, 1999).

Reprints may be obtained from: TINE Norwegian Dairies, PO. Box 58, N-1431 As, Norway. E-mail:
Olav.Osteras@tine.no, tel: +47 64 97 37 59, fax: +47 64 94 37 20.

Acta vet. scand. vol. 41 no. 1, 2000





