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ABSTRACT

To determine the relationship of test-day (TD) so-
matic cell score (SCS) to TD and lactation milk yields,
1,320,590 records from Holstein first and second calv-
ings from 1995 through 2002 were examined. All lacta-
tions had recorded yield and SCS for at least the first
4 TD. Least square analyses were conducted for yields
on TD 2 through 10 within herd and cow. The model
included regressions on current TD SCS and mean
SCS of all previous TD with separate estimates by
parity; effects for parity and calving year were in-
cluded as well as regression on days in milk on TD 1.
Corresponding analyses were conducted without re-
gression on current SCS. An analysis of lactation yield
was performed with a similar model and regression
on all TD SCS. The SCS was highest most often on
TD 1 for parity 1 (22.5%) and on TD 10 for parity 2
(18.5%). Regression of TD milk yield on mean of previ-
ous TD SCS was highest during the latter half of lacta-
tion (maximum of −0.346 kg/SCS unit on TD 9) for
parity 1 and during TD through 7 (maximum of −0.366
kg/SCS unit on TD 4) for parity 2. Regression of TD
yield on current TD SCS tended to be larger for later
lactation. Regression of lactation yield on TD SCS was
negative and important for TD 1 through 6 for parity
1 and for all TD for parity 2. To minimize milk loss,
mastitis control is most important immediately pre-
and postcalving for parity 1 and throughout lactation
for parity 2.
(Key words: somatic cell score, test-day, milk yield)

Abbreviation key: TD = test-day.

INTRODUCTION

Efforts to decrease SCC in milk are encouraged. Al-
though all milk contains somatic cells, SCC is a key
measure of milk quality and severity of udder infec-
tions. Currently, bulk tank milk must have an SCC
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of <750,000 cells/mL to be legally marketable in the
United States. In European Union countries, the limit
has been lowered to 400,000 cells/mL. In many US
markets, milk price premiums are paid for milk with
low SCC; in some cases, high SCC milk is penalized
(Fetrow et al., 2000).

Producers in DHI programs are encouraged to uti-
lize SCC results for individual cows in mastitis control.
As of January 1, 2003, 93% of DHI cows are enrolled
in SCC testing. Although many factors influence SCC,
variation in SCC is thought to be primarily a result
of clinical and subclinical bacterial infections of mam-
mary quarters (Afifi, 1967; Bodoh et al., 1976; Coffey
et al., 1986). Some researchers (e.g., Emanuelson et
al., 1988) have reported a low phenotypic correlation
between SCC and clinical mastitis, which may be be-
cause SCC is significantly influenced by the incidence
of subclinical mastitis and because infections by envi-
ronmental pathogens have short duration. In addition,
a negative correlation between SCC and milk yield
has been found for cows that were currently uninfected
(Lindstrom and Syvajarvi, 1978; Miller et al., 1983).

Shook and co-workers (Shook, 1982; Shook and
Bringe, 1987) proposed expressing SCC on a log (base
2) scale, which would result in a more normalized dis-
tribution. A further advantage of expressing SCC as
SCS is that regression of milk yield on SCS is essen-
tially linear in contrast to the relationship of yield
with SCC. The negative relationship between SCS and
milk yield has been referred to as "milk loss" and is a
key tool in mastitis educational programs. Raubertas
and Shook (1982) estimated that each unit increase
in lactation SCS was associated with losses of 91 and
181 kg of milk during parities 1 and 2, respectively.
Other researchers (Fetrow et al., 1991) reported simi-
lar estimates for milk loss. Only Jones et al. (1984)
have examined milk loss associated with elevated SCS
on test-day (TD).

Genetic evaluations of bulls for milk SCS were devel-
oped in the United States and have been provided to
the dairy industry since 1994 (Schutz, 1994). Those
evaluations were developed because of an antagonism
between breeding values for milk yield and SCS, which
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suggests that selection for high yield reduces the abil-
ity of a cow to resist mastitis (Emanuelson et al., 1988).

The relationship between milk yield and SCC may
overestimate true milk loss due to mastitis. When in-
tramammary devices were inserted in the quarters
of Israeli Friesians, clinical mastitis was reduced by
about 70%, but lactation milk yield exceeded that of
controls by only 148 kg, in part because cows with
intramammary devices had shorter lactations (Miller
et al., 1986). Three important aspects in regard to
interpretation of the relationship between milk yield
and SCC are 1) interpretation of variation among SCC
at low levels, 2) presence of a “dilution effect” because
of relatively constant SCC throughout lactation if no
infection is present, and 3) compensation by uninfected
quarters for mastitic quarters.

Although differences in SCC of >500,000 cells/mL
are widely accepted as indicating the severity of cur-
rent mastitis infections, the interpretation of varia-
tions at low levels (<125,000 cells/mL) is less clear.
Although milk yield decreases as low-level SCC in-
creases, bulk milk with SCC of <125,000 cells/mL is
considered to be normal and even of high quality. The
ability of testing equipment to distinguish variation
in SCC at low levels also has been questioned (Faust
and Timms, 1995).

Several researchers (Raubertas and Shook, 1982;
Miller et al., 1983, 1993; Emanuelson and Persson,
1984; Miller et al., 1993) have discussed whether the
relationship between milk yield and SCC partly may
be an artifact due to a dilution effect: a short-term
decrease in milk production could cause an increased
somatic cell concentration because a relatively con-
stant number of cells was being secreted into the milk
over the lactation. In DHI milk-recording programs,
the milk weight and the sample used for SCC determi-
nation both originate from the same milking. Miller
et al. (1993) compared milk yield with SCC from prior
milkings and found that the relationship between milk
yield and SCC was present but to a lesser degree than
with measurements derived from the same milking.
Mastitis infections would be expected to continue to
affect milk yield later in lactation if milk secretory
tissue had been damaged and milk secreting cells had
ceased to function. The monthly interval between DHI
TD makes questionable whether such residual effects
can be detected because some infections (especially by
coliforms) can occur and completely disappear between
2 adjacent TD.

The goal of this study was to determine how SCS
on current and previous TD is related to milk yield
on current and subsequent TD and to lactation yield.
Knowledge of those relationships should indicate
whether elevated SCC during early lactation have a
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continuing impact on TD milk yield ≥30 d later and
whether a dilution effect exists. Because yield levels
and management practices have changed greatly dur-
ing the past 20 yr, answers to those questions are
needed to confirm the usefulness of DHI SCS and to
update and to interpret estimates of lactation milk
loss.

MATERIALS AND METHODS

Holstein first and second lactations with at least
4 consecutive TD that had both milk yield and SCS
reported were selected. Standardized (305-d, twice
daily milking, mature-equivalent) lactation milk yield
also was examined. Lactations with a first TD that
was >40 d after calving were excluded. Calvings were
from 1995 through 2002. Total lactations initially
available were 555,590 first and 534,300 second.

Nine least square analyses were conducted in which
the dependent variables were milk yields for TD 2, 3,
. . . , 10. In the analysis of milk yield on TD n, SCS for
TD 1 through n were required to be >0. Due to earlier
problems in reporting missing tests, DHI convention
is to report SCS on a scale of 0.1 to 9.9 (Animal Im-
provement Programs Laboratory, 1999). The model in-
cluded regressions on current TD SCS and on the un-
weighted mean of all previous TD SCS. Nuisance ef-
fects included parity, calving year, and regression of
DIM on TD 1. A regression on number of days open
also was included for TD 7 through 10. Herd and cow
effects were absorbed; thus, only cows with informa-
tion for both parities 1 and 2 contributed to the esti-
mates and to residual degrees of freedom. Similar
analyses were conducted with the same model but
without regression on current TD SCS. Finally, to as-
sess relative impact of TD SCS on lactation milk yield,
a similar analysis was conducted with standardized
lactation yield as the dependent variable and with
partial regressions on all 10 TD SCS.

RESULTS

Means of current and previous mean TD SCS, milk
yield, and DIM are in Table 1. Also, Table 1 includes
the percentage of cows that reached their lactation
peak SCS on a particular TD. For both parities, mean
TD SCS was lowest on TD 2; SCS was highest on TD
1 for parity 1 and on TD 10 for parity 2. Mean TD milk
yield was highest on TD 3 for parity 1 and on TD 2
for parity 2. Peak SCS for the lactation occurred most
often on TD 1 for parity 1; for parity 2, lactation peak
was most often on TD 10.

Within-cow correlations among TD SCS are in Table
2. As expected, correlations between TD decline the
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Table 1. Mean test-day SCS, milk yield, and DIM and percentage of Holstein cows that reached peak lactation SCS by parity.1

Parity 1 Parity 2

SCS SCS
Cows that Cows that
reached peak reached peakPrevious Current Previous Current

Test- lactation lactation
day Mean SD Mean SD Milk (kg) DIM (d) SCS (%) Mean SD Mean SD Milk (kg) DIM (d) SCS (%)

1 — — 3.18 1.81 26.9 20 22.5 — — 2.96 1.93 36.4 21 14.9
2 2.90 1.52 2.63 1.76 30.5 51 8.2 2.78 1.69 2.60 1.96 39.3 52 7.3
3 2.82 1.43 2.64 1.75 30.6 82 7.6 2.76 1.61 2.73 1.97 37.8 83 7.1
4 2.79 1.38 2.72 1.76 30.0 114 7.9 2.79 1.55 2.89 1.94 36.0 114 7.3
5 2.79 1.35 2.78 1.76 29.4 145 7.9 2.84 1.51 3.02 1.90 34.3 145 7.6
6 2.79 1.33 2.81 1.76 28.7 176 7.9 2.89 1.48 3.15 1.85 32.5 177 7.9
7 2.80 1.32 2.85 1.75 27.9 207 8.0 2.95 1.44 3.27 1.79 30.7 208 8.4
8 2.81 1.31 2.89 1.74 27.0 238 8.4 3.00 1.41 3.39 1.73 28.7 239 9.4
9 2.83 1.29 2.94 1.72 25.9 270 9.3 3.06 1.38 3.51 1.67 26.5 271 11.6
10 2.85 1.28 3.04 1.71 24.2 301 12.4 3.12 1.34 3.68 1.63 23.5 302 18.5

1Mean lactation average SCS were 2.85 and 3.11 for parities 1 and 2, respectively. Mean lactation average standardized lactation milk
yields were 10,757 kg and 10,482 kg for parities 1 and 2, respectively.

further apart in time they are. Maximum correlation
between adjacent TD was 0.67.

Coefficients for partial regression of TD milk yield
on mean of all previous TD SCS and on current TD
SCS are in Table 3. Standard errors (not shown)
ranged from 0.010 to 0.017. Also in Table 3 are stan-
dard partial regression coefficients (ordinary partial
regressions multiplied by the ratio of the standard
deviation of the independent variable to the standard
deviation of the dependent variable). The standard
partial regression expresses change in standard devia-
tion units of the dependent variable per standard devi-
ation change in the independent variable. The stan-
dard partial regressions in Table 3 and the correspond-
ing t-statistics (Table 4) are more appropriate than
regression coefficients for comparing relative impor-
tance of relationships among TD. Examination of the
independent effects of current and previous TD SCS
on TD milk yield indicated that standard partial re-
gressions for mean of previous TD SCS were smaller

Table 2. Within-cow correlations among test-day SCS.

Test-day

Test-day 2 3 4 5 6 7 8 9 10

1 0.48 0.40 0.35 0.32 0.29 0.27 0.25 0.24 0.21
2 0.59 0.52 0.46 0.43 0.39 0.37 0.34 0.32
3 0.62 0.56 0.51 0.47 0.43 0.41 0.37
4 0.64 0.59 0.54 0.50 0.46 0.42
5 0.66 0.60 0.55 0.51 0.47
6 0.66 0.61 0.56 0.51
7 0.67 0.62 0.56
8 0.67 0.61
9 0.66
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than those for current TD SCS throughout lactation
for parity 1 (−0.061 vs. −0.115 for TD 10). For parity
2, standard partial regressions for mean of previous
TD SCS were largest in TD 4 through 7 (maximum
−0.067), and decreased during late lactation (t-statis-
tics nonsignificant for TD 10).

Regressions of TD milk yield on current TD SCS
(Tables 3 and 4) differed greatly by parity. All regres-
sion coefficients were significant (P < 0.01) and were
larger during later lactation. In general, regression
coefficients for current TD SCS were greater than
those for mean of previous TD SCS in both parities.
However, the relative magnitude of regressions for
current to those for mean of previous TD was substan-
tially greater in parity 2 than in parity 1.

To assess how well previous TD SCS alone predicted
milk yield on current TD, analyses were performed
with current TD SCS excluded from the model (Table
5). Standard errors (not shown) ranged from 0.009 to
0.014. Table 5 also shows error degrees of freedom for
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Table 3. Partial and standard partial regressions1 of current test-day milk yield on previous test-day SCS
and current test-day SCS by parity.2

Regression coefficient

Parity 1 Parity 2

Previous Current Previous Current
Current
test-day Reg SP Reg Reg SP Reg Reg SP Reg Reg SP Reg

23 −0.142 −0.023 −0.235 −0.043 −0.289 −0.047 −0.589 −0.114
3 −0.155 −0.027 −0.216 −0.047 −0.327 −0.056 −0.512 −0.112
4 −0.163 −0.030 −0.252 −0.060 −0.366 −0.066 −0.489 −0.117
5 −0.197 −0.038 −0.260 −0.067 −0.335 −0.064 −0.521 −0.135
6 −0.249 −0.051 −0.255 −0.071 −0.329 −0.067 −0.569 −0.159
7 −0.284 −0.061 −0.246 −0.073 −0.312 −0.067 −0.647 −0.192
8 −0.295 −0.065 −0.291 −0.090 −0.269 −0.060 −0.744 −0.231
9 −0.346 −0.077 −0.286 −0.089 −0.198 −0.044 −0.875 −0.273
10 −0.302 −0.061 −0.401 −0.115 0.021 (NS) 0.004 −1.209 −0.348

1Model was fitted within herd-cow for cows with information on both parities 1 and 2; all partial regression
coefficients were significant (P < 0.01) unless designated as nonsignificant (NS).

2Partial regression coefficients are expressed as kg milk per unit SCS; standard partials are expressed
as standard deviation units of test-day milk per standard deviation of SCS.

3For test-day 2, mean of previous test-day SCS = test-day 1 SCS.

Table 4. t-Statistics for regression1 of current test-day milk yield on mean of previous test-day SCS and
on current test-day SCS by parity.

t-Statistic

Parity 1 Parity 2
Current
test-day Previous Current Previous Current

22 −13.44 −21.70 −28.56 −59.80
3 −12.09 −19.55 −27.86 −51.28
4 −11.89 −22.74 −29.79 −48.90
5 −13.55 −22.93 −25.72 −50.65
6 −16.45 −22.04 −24.75 −53.22
7 −17.69 −20.26 −22.05 −56.71
8 −17.85 −24.43 −18.40 −62.59
9 −20.07 −22.04 −12.86 −69.46
10 −15.37 −27.15 1.20 (NS) −84.40

1Model was fitted within herd-cow for cows with information for both parities 1 and 2; all t-statistics were
significant (P < 0.01) unless designated as nonsignificant (NS).

2For test-day 2, mean of previous test-day SCS = test-day 1 SCS.

Table 5. Regression, standard partial regression coefficients and t-statistics for regression1 of current test-
day milk yield on mean of previous test-day SCS by parity.

Parity 1 Parity 2
Current
test-day Reg (kg milk/SCS) SP reg t-Statistic Reg (kg milk/SCS) SP reg t-Statistic Error df

22 −0.201 −0.033 −21.10 −0.581 −0.095 −66.41 214,526
3 −0.256 −0.044 −23.66 −0.664 −0.114 −69.66 213,672
4 −0.315 −0.057 −28.03 −0.711 −0.129 −72.96 212,927
5 −0.371 −0.071 −31.74 −0.713 −0.136 −70.68 203,369
6 −0.428 −0.087 −35.65 −0.746 −0.151 −71.56 196,010
7 −0.462 −0.099 −36.09 −0.784 −0.168 −69.87 176,296
8 −0.509 −0.113 −38.64 −0.797 −0.177 −68.17 171,801
9 −0.550 −0.122 −39.63 −0.805 −0.179 −64.53 165,397
10 −0.587 −0.118 −36.23 −0.780 −0.157 −52.86 143,748

1Model was fitted within herd-cow but without regression on current test-day SCS for cows with information
for both parities 1 and 2; all regression coefficients were significant (P < 0.01).

2For test-day 2, mean of previous test-day SCS = test-day 1 SCS.
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Table 6. Coefficients and t-statistics for partial regression of standardized1 lactation milk yield (adjusted
for days open) on test-day SCS by parity.

Parity 1 Parity 2

t-Statistic t-StatisticRegression coefficient Regression coefficient
Test-day (kg milk/SCS unit) (kg milk/SCS unit)

1 −54.6 −22.4** −61.4 −26.0**
2 −40.9 −14.2** −32.3 −12.3**
3 −31.4 −10.2** −25.3 −9.2**
4 −15.3 −4.8** −16.9 −5.8**
5 −9.4 −2.9** −13.7 −4.5**
6 −7.2 −2.2* −18.2 −5.7**
7 −0.7 −0.2 (NS) −18.0 −5.5**
8 −6.5 −1.9 (NS) −21.5 −6.4**
9 11.6 3.4** −20.8 −6.1**
10 15.7 4.9** −45.3 −14.3**

1Lactation milk yield standardized to a 305-d, twice daily milking, mature-equivalent basis.
*P < 0.05.
**P < 0.01.

each TD analysis. The regressions in Table 5 are larger
than those in Table 3 because they include correlated
as well as independent effects. For parity 1, standard
partial regressions were largest for TD 9 and 10. For
parity 2, standard partial regressions were largest for
TD 7 through 10. Standard partial regression coeffi-
cients were consistently larger for parity 2 than for
parity 1 (TD milk was not age adjusted), and also were
larger for the second half of lactation than for first
half in both parities.

Partial regression coefficients of standardized lacta-
tion milk yield on TD SCS for cows with information
for both parities 1 and 2 and a TD SCS for all 10 TD
are shown in Table 6.

In Table 6, for example, if SCS on TD 2 through 10
are held constant, an increase of one SCS unit on TD
1 would result in a 54.6 kg loss in first-lactation milk
yield; in second lactation, a loss of 61.4 kg would result.
Standard partial regressions (not shown) ranged from
−0.076 (TD 1) to 0.024 (TD 10) in first lactation and
from −0.086 (TD 1) to −0.022 (TD 5) in second lactation.
Standard partials ranked TD similarly to the t-statis-
tics in Table 6.

Regression patterns across TD differed markedly
between parities 1 and 2. For parity 1, regression coef-
ficients were negative and significant (P < 0.05) for TD
1 through 6, negative and nonsignificant (P ≥ 0.01) for
TD 7 and 8, and positive and significant (P < 0.01) for
TD 9 and 10. For parity 2, regression coefficients were
negative and significant (P < 0.01) for all 10 TD and
ranged from −61.4 kg of milk/SCS unit for TD 1 to
−13.7 kg of milk/SCS unit for TD 5. For both parities,
largest negative impact on lactation yield was for TD
1. However, second largest impact was for TD 2 for
parity 1 and for TD 10 for parity 2.
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To conform more closely to the estimates of Rauber-
tas and Shook (1982), standardized lactation yield was
regressed on mean of TD SCS for TD 1 to 10. Regres-
sion coefficients were −125 kg of milk/SCS unit for
parity 1 and −266 kg of milk/SCS unit for parity 2. The
reduction in coefficient of determination when fitting
mean TD SCS was less than 0.1% compared with fit-
ting all 10 TD SCS simultaneously. Thus, the average
of 10 tests contains nearly as much information as the
10 individual tests weighted differently.

DISCUSSION AND CONCLUSIONS

Elevated SCS on TD primarily impacted milk yield
of the current TD. However, an elevated SCS on TD
also had a carryover effect on milk yield of subsequent
TD. The 2 milk yield losses were more similar for par-
ity 1 than for parity 2. Milk loss over an entire lactation
is, therefore, a function of both the immediate and
carryover effects of events that caused increased secre-
tion of somatic cells into milk.

Current TD SCS and mean of previous TD SCS were
significant independent predictors (Tables 3 and 4) of
current TD milk yield. Regressions of TD milk on mean
of previous TD SCS differed among stages of lactation
for both parities. Standard partial regressions for
mean of previous TD SCS increased during first lacta-
tion, to a maximum on TD 9; however, for parity 2,
standard partial regression for previous TD SCS was
maximum for TD 4 to 7, and was smallest for TD 10.

When only mean of previous TD SCS was used to
predict milk yield on next TD (Table 5), corresponding
partial and standard partial regression coefficients
were greater for parity 2 than for parity 1, likely be-
cause TD milk yields were larger for parity 2. For
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both parities, regressions for mean of previous TD SCS
tended to increase throughout lactation as the amount
of information provided by the mean increased with
additional TD.

Just as observed for TD milk yields, the implications
of an elevated TD SCS for lactation milk yield (Table
6) depended on lactation stage and parity. Because
lactation yield had been adjusted to a mature-equiva-
lent basis, higher mean production for parity 2 com-
pared with parity 1 should not have influenced magni-
tude of differences in regression coefficients between
parities 1 and 2. The lactation stage at which peak
SCS occurred differed between parities 1 and 2 (Table
1), and lactation peak SCS occurred most frequently
on TD 1 for parity 1 and on TD 10 for parity 2 (second
most frequent occurrence was on TD 1). The occurrence
of a peak SCS during a lactation should primarily re-
flect the occurrence of new mastitis infections. He-
ringstad et al. (2003) reported that frequency of clini-
cal mastitis was 18.5% through 120 DIM for parity 1
but reached only 23.3% by 300 DIM. Our results sug-
gest that new infections were frequent around TD 1
for both parities 1 and 2, but that the frequency was
also high around TD 10 for parity 2.

Regression coefficients and t-statistics (Table 5) in-
dicated that elevated SCS on TD 1 had the greatest
negative impact on lactation milk yield regardless of
parity. Mastitis infections during early lactation may
damage milk secretory cells and thus have extended
negative effects on cumulative milk yield. However,
the implications of elevated SCS during late lactation
were quite different between parities 1 and 2. For par-
ity 1, an independent negative impact from elevated
TD SCS did not occur after TD 6, and regression coeffi-
cients were positive for TD 9 and 10. For parity 2,
elevated TD SCS had a consistently negative impact
on lactation milk yield, and regression of lactation
yield on SCS for TD 10 (−45.3 kg of milk/SCS unit)
was second in magnitude to that of TD 1 (−61.4 kg of
milk/SCS unit). The smallest independent impact on
lactation yield for parity 2 was for TD 5 (−13.7 kg of
milk/SCS unit).

At what stage of lactation should an elevated SCS
be expected to have the most serious consequences
for cumulative milk yield? As anticipated, regression
coefficients of lactation yield on TD SCS were large
and negative for TD 1 because reduced activity of milk
secretory cells during early lactation continues to de-
press milk yield. However, the large negative impact
of elevated SCS on TD 10 for parity 2 was surprising
because new infections that occur during late lactation
impact yield for a shorter time, especially for a 305-d
measure. The mean DIM on TD 10 was 301.9 d for
parity 2. Thus, many cows would have reached TD
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10 after 305 d. However, the current best prediction
method of estimating 305-d yield makes use of tests
beyond 305 d (VanRaden, 1997). If actual lactation
milk yield had been available, the impact of an ele-
vated SCS on TD 10 might have been greater (lactation
mean DIM for parity 2 was 370 d). To further investi-
gate, an analysis was performed with only regression
of lactation yield on SCS for TD 10. That regression
was nonsignificant (P ≥ 0.01) for parity 1 but was
−132.7 kg of milk/SCS unit for parity 2. Thus, the
positive regression coefficients for TD 9 and 10 of par-
ity 1 (Table 5) were probably artifacts, possibly be-
cause of colinearity.

Regressions for lactation yield on TD SCS were not
derived from actual milk yield. Mean age at calving
was 26.9 mo for parity 1 and 40.8 mo for parity 2.
The regressions can be converted approximately to a
measure without age adjustment by multiplying the
regression coefficients for parity 1 by 0.786 and those
for parity 2 by 0.911. When age adjustment was re-
moved, regression coefficients ranged from −42.8 kg of
milk/SCS unit for TD 1 to 12.3 kg of milk/SCS unit for
TD 10 for parity 1 and from −55.9 kg of milk/SCS unit
for TD 1 to −16.4 kg of milk/SCS unit for TD 6 for
parity 2; regression for TD 10 of parity 2 was −41.3 kg
of milk/SCS unit. The regression coefficients for age-
adjusted milk yield (Table 6) were generally greater
than coefficients without age adjustment for parity 2;
however, when milk yield unadjusted for age was used,
the overall ratio of parity 2 to parity 1 coefficients was
even greater. Because 305-d milk yield was used, the
true impact of elevated SCS on total lactation yield
was probably greater than suggested by the regression
coefficients in Table 6.

Our results are not directly comparable to those of
Raubertas and Shook (1982), who reported that an
increase of one unit in lactation mean SCS resulted
in actual milk yield losses of 91 kg for parity 1 and
181 kg for parity 2. For Finnish Ayrshires (Rajala-
Schultz et al., 1999), total milk loss due to infection
ranged from 110 to 552 kg, depending on parity and
lactation stage at mastitis infection.

Reducing episodes of clinical and subclinical masti-
tis reduces milk loss in 2 ways. The immediate depres-
sion of milk yield accompanying an ongoing infection
is avoided (as well as reducing milk discarded because
of antibiotic treatment), and the associated carryover
effect on future milk production also is avoided. That
carryover effect presumably results from long-term ef-
fects of infection on number or activity of milk secre-
tory cells. Rajala-Schultz et al. (1999) reported that
cows with clinical mastitis did not regain their premas-
titis milk yields during the remainder of lactation.
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The carryover effects of elevated SCS are of particu-
lar concern during early lactation for parity 1. The
most frequent lactation peak SCS on TD 1 for parity
1 may reflect an influx of mastitis infections in heifers
prior to or just after first calving (mean DIM on TD
1 was 20.2 d). Nickerson et al. (1995) reported that
nulliparous heifers frequently were infected before
first calving. Recently, Oliver et al. (2003) showed that
intramammary infusion of antibiotics prior to first
calving of Jersey heifers reduced infections after calv-
ing and increased milk yield for parity 1 by 531 kg
compared with controls.

There was an increased frequency of peak SCS dur-
ing late lactation for both parities, but was much more
pronounced for parity 2. This suggests that while mas-
titis control is most critical for heifers around first
calving, preventive regimes are more uniformly
needed throughout lactation for parity 2 because resis-
tance is expected to decline with age.

In addition to the carryover effect of elevated SCS
within lactation, residual effects of an elevated SCS
during a previous lactation may also exist for milk
yield for a subsequent lactation. Raubertas and Shook
(1982) did not find a carryover effect from parity 1 to 2.
Houben et al. (1993) reported that cows with 3 clinical
quarters or more during first lactation had 381 kg
less milk during second lactation. Fetrow et al. (1991)
found that the effect of increased SCC during second
lactation on third-lactation milk yield was significant
(P < 0.04) but only 20 to 30% as large as the direct
effect of SCC during third lactation.

Our results also have implications for the hypothesis
of dilution effect, which assumes that decreases in
milk yield caused by temporary factors (such as re-
duced feed intake) result in an increase in milk somatic
cell concentration. In contrast to the regression of cur-
rent TD milk yield on current TD SCS, the regression
of TD yield on mean of previous TD SCS cannot reflect
dilution effects.

Results for the impact of elevated SCS on lactation
yield in this study agreed with those of earlier studies
(Raubertas and Shook, 1982). Our regressions were
35 to 45% larger than those of Raubertas and Shook
(1982). This may be because milk yields in the present
data are about 50% higher than in the earlier study.
Furthermore, our regression for parity 2 is about 50%
larger than that for parity 1, similar to the results of
Raubertas and Shook (1982).

Regardless of premiums paid for bulk-tank milk
with reduced cell count, substantial increases in milk
yield occur when frequency of mastitis infections is
reduced. In addition to reduced milk loss with de-
creased mastitis infections, labor costs, treatment re-
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quired, milk discarded, and culling due to mastitis
all decrease.
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