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Projected Days Open - Fact or Fallacy 

PatrickJ. Hady, DVM 
Population Medicine Center 
Michigan State University 
East Lansing, MI 48823-1314 

The study is designed to compare four reproductive 
indexes which attempt to evaluate "current" reproductive 
performance of the active breeding group by comparison 
to Actual Days Open. The four indexes are: (1) ]MR/Pro
jected Days Open (2) Michigan DHIA Average Days 
Open (3) Projected Minimum Days Open (4) Heat De-
tection/Conception Rate Average Days Open. Simple lin
ear regression was used on a small data base to measure 
accuracy of the predictions versus Actual Days Open. A 
Lotus 123r3 spread sheet was designed to compile prelimi
nary data from reproductive information in eleven 
Holstein dairy herds. Each herd was monitored for 16 
months with herd size ranging from 33 to 187 cows (Medi
an = 61 ). Total cow numbers is estimated at 700. Prelimi
nary results suggest that the predictive power of these 
indexes is not extremely accurate. However, their accuracy 
improves when farm is added as a variable in the multiple 
regression model. Culling due to reproductive inefficiency 
artificially depresses Actual Days Open and is a critical 
factor which may effect the accuracy of these four indexes. 
In conclusion, it appears that these four indexes which are 
used as "leading indicators" of current reproductive per
formance, must be adjusted by some factor which can ac
count for reproductive culling in dairy herds. Practical and 
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economical implications will be discussed. 

Introduction 

To maintain economic viability, dairy producers must 
be capable of meeting the broad array of challenges pre- · 
sented by the dynamic technical, political, and economic 
environments in which they exist. In that regard, economi
cally efficient animal health management while assuring 
animal welfare has become a top priority; effective diag
nostic, therapeutic, and preventive methods for applica
tion at the population level have become critically 
important. Specifically, the reproductive health and per
formance on a dairy farm are essential to the economic 
survival of that business (Louca and Legate, 1968 and Hol
mann et al., 1984). A high reproductive rate maximizes 
yearly milk flows, provides more replacements and allows 
for greater selection for milk production (Britt, 1985 and 
Weller et a/.,1985). To achieve efficient reproduction~ a 
current and reliable measure of reproductive disease sta
tus is necessary as a monitoring tool to assist management 
decision-making. Evaluation using up-to-date and depend
able information for disease monitoring is imperative. It is 
the animals in the active breeding group that are economi-
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cally important and at risk of most reproductive diseases 
that affect profitability of the dairy farm. Average Days 
Open, a measure used commonly to evaluate reproductive 
health and performance in a dairy herd, is actually an esti
mate of the ''past" reproductive disease status. The goal of 
this research is to establish an index that reflects the cur
rent reproductive disease status in a dairy herd. Such an 
index will allow for more timely investigations, successful 
diagnoses, and economically efficient intetventions, espe
cially when a change in disease status has occurred. When 
completed, this research will impact the dairy industry by 
providing an index that will be a "leading indicator" of the 
reproductive disease status and performance of the cur
rent active breeding group and thus will contribute to im
proved and more economical reproductive health 
management. 

Literature Review 

Common reproductive diseases, such as metritis, re
tained placenta, cystic ovarian degeneration, and repeat 
breeder syndrome reduce the reproductive performance 
on dairy farms by delaying conception (Erb, 1984). As a 
result, the intetval between calving and conception is in
creased for affected cows. The mean length of this intetval 
for all cows, commonly referred to as days open (James 
and Esselmont, 1979), provides a useful measure of repro
ductive health and performance in the dairy herd. Average 
Days Open (ADO) is defined as the mean number of days 
from calving to conception for all pregnant cows. This 
index is useful, but because it includes only pregnant cows, 
it measures the status of reproductive disease and perfor
mance in the dairy herd at the past time period when those 
pregnant cows were being bred (Klingborg, 1987 and Britt, 
1985). Thus ADO, which may contain data up to 9 months 
old in a typical Michigan dairy herd, does not allow evalua
tion of the current reproductive disease status of the herd; 
it provides little information on the reproductive health of 
those cows currently being bred. For timely management, a 
dairy producer prefers knowledge about the herd's current 
reproductive status over an evaluation of how the herd did 
several months ago. 

To remove this historical bias, four different indexes 
are being used as leading indicators to measure the current 
reproductive disease status in dairy herds. These indexes 
attempt to remove the historical nature of ADO and mea
sure the current status of reproductive disease and perfor
mance in the dairy herd. The four indexes are: 

1. Projected Days Open: This index is an extension of a 
concept developed in Canada called JMR ( Jours Moyen 
Retard), which in English means Average Penalty Days. 
Average Penalty Days is defined as the number of days 
past the Voluntary Waiting Period (VWP). Projected Days 
Open is the sum of penalty days accumulated by the active 
breeding group divided by the number of cows in that 
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group plus the VWP. The active breeding group is defined 
as cows past the VWP but not yet inseminated, and cows 
inseminated but not yet diagnosed pregnant (Martineau 
and Cardyn, 1990; Rawson, 1990). 

2. Michigan DHI Average Days Open: Michigan DHI Av
erage Days Open is the number of days from last calving to 
last breeding, pregnancy or culling. Cows less than 60 days 
in milk or coded for culling are excluded in the calculation 
because they are not considered part of the active breeding 
group. Pregnant cows are included in the calculation (Fer
ris,1987). 

3. Projected Average Minimum Days Open: This index es
timates the best possible reproductive performance for a 
dairy herd, given its current status. The index is calculated 
across three cow groups; (1) pregnant cows; (2) cows in
seminated and not yet diagnosed pregnant, but assumed 
pregnant at last breeding; and (3) open cows past VWP, 
whether inseminated in this lactation or not (it is assumed 
that these animals will be seen in estrus, and will be insem
inated and will conceive on the average of 10 days after 
test date--Fetrow et al, 1990). 

4. HDR-CR Days Open: This index is a simulation of the 
herd's reproduction. It takes the heat detection rate 
(HDR) and conception rate (CR) of the herd and predicts 
ADO by estimating both the percentage of non-pregnant 
cows seen in estrus and the percentage of animals insem
inated that become pregnant. In this manner, Average 
Days Open is predicted in a dairy herd (Nussbaum et al, 
1991). 

These four indexes are being used as initial diagnostic 
measures to detect changes in the incidence of reproduc
tive diseases and management changes in a dairy herd. If 
effective, the predictive nature of these indexes will signal 
a change in reproductive health much sooner than it would 
be indicated by ADO. This should allow investigators and 
managers to evaluate disease as it is occurring, and not 
after the fact, thereby facilitating further diagnostics and 
timely intetventions. Presently, there is no scientifically 
sound evidence to determine which of the four indexes is 
accurate in predicting changes in ADO. The overall goal of 
this research is to establish an index which can be used to 
indicate change in reproductive disease and performance 
representative of the current situation on a dairy farm. 

Objectives 

The objectives of this study are contained in two 
phases. Phase one will evaluate how well the four indexes 
of current reproductive performance are able to predict 
ADO. Phase two will use this index in an on-farm situation 
to investigate its usefulness to the veterinary practitioner. 
Specific hypotheses to be tested in Phase One include: 
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. H1 : ADO = Projected Days Open 

H2 : ADO = Michigan DHI Average Days Open 

H3 : ADO= Projected Ave Min Days Open 

H4 : ADO = HOR-CR Adjusted Days Open 

Methods 

Preliminary Study 
A preliminary investigation into the usefulness of 

these four indexes was obtained using a relatively small 
database of eleven Holstein dairy herds (Average size = 
61.5 cows: SD = 13.0;676 total cows). Cow identification, 
lactation number, voluntary waiting period, fresh date, first 
breeding, last breeding and number of services were col
lected in these herds over a sixteen month period. The ani
mals' reproductive status (0 = open/1 = bred/2 =pregnant) 
was monitored through this period to "isolate" the active 
breeding group in each month. The four indexes were cal
culated for each month and those animals in the active 
breeding group were followed through their lactation until 
confirmed pregnant or culled. In this manner, the "Actu
al" days open of the animals in the active breeding group 
in that month was calculated to compare with the "Pro
jected" days open computed for that group. 

Principal Investigation 
Michigan OHi monthly records from the years 1987-

1991 inclusive, will be used in the study. The experimental 
unit for the study will be the Holstein dairy herd; no live 
animals will be used in the project. The sample size re
quired in the study was computed by using the standard 
deviations of gestation (Halverson and Knoble, 1989) and 
ADO (Hansen, 1990) in the following Student T test for
mula: 

t = XI - H2 / [SD/(ff5)], 
where X1-X2 = desired detectable difference in 

ADO, using the standard deviation 
of gestation (5 days) as a guide; 

SD = standard deviation of ADO (46 
days); 

n = required sample size; 
and t = 1.96 (p < .05). 

These calculations resulted in a sample size estimate 
of 340 Holstein dairy herds. Currently about 2000 Holstein 
herds are enrolled with Michigan DHI. Thus, the desired 
sample should be attainable. The specific information to 
be collected for each individual animal will be the follow
ing: fresh dates, last service dates, days to first service, 
milk production level, and number of times bred for each 
lactation. Additional information needed to complete the 
database are heat detection rate and conception rate of the 
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herd and the recorded VWP. Using standard methods, 
these will be calculated from available DHI data (Ferris, 
1987). Data quality is paramount to this analysis. There
fore, the Michigan DHI database will be edited by the fol
lowing three procedures: 

(1) Herds whose CONCEPTION RATE for the peri
od of interest lies outside two SD of the mean CR for 
Michigan DHI herds will be excluded from the data. 
(2) The accuracy of the reported last service critical 
to the calculation of the four projections. As an initial 
screen, GESTATION LENGTHS will be calculated 
for all cows as the difference between the calving 
date of the current lactation (FDAT2) and the last 
service date of the previous lactation. Herds with 
over 10% calculated gestations outside two SD of the 
mean bovine gestation will be excluded from the da
tabase. 
(3) Remaining herds will have their ACTUAL CAL
VING INTERVAL (Cl) compared to a CALCU
LATED CI. The actual CI is determined by 
subtracting the calving date of the previous lactation 
(FDATl) from the current calving date (FDAT2). 
The Calculated CI will be computed by adding the 
mean bovine gestation to the difference between last 
service and FDATl. 

Simple linear regression analysis will be employed to 
evaluate the strength of approximation and herds with R2 

values below .90 will be excluded from the database. Edit
ing with these three methods will select for accurately re
corded data on the remaining farms in database. The 
accuracy of data is essential to the calculations and results 
of the four indexes. 

Each of the four indexes will be calculated for the first 
DHI test date in the months of February, May, August and 
Novemer 1988. These parameters will also be re-calcu
lated for the same herds in the same months of 1989. Every 
animal in the active breeding group on those dates will be 
identified. The active breeding group will be defined as all 
cows that have freshened at least once and have not been 
either confirmed pregnant or identified for culling, and 
whose DIM exceeds the VWP. Each animal in this group 
will then be tracked during that lactation until pregnant or 
culled. In this manner, ADO accumulated in the group will 
be calculated and compared to the four computed indexes. 
ADO accumulated by the group will be the "gold stan
dard" of comparison used in the study. 

A simple linear regression model will be used to com
pare the four indexes to the ADO amassed by the active 
breeding group. The basic model format will be: y = a + 
bx + e, where y = gold standard (ADO); a = intercept; x 
= one of the calculated indexes; b = regression coeffi
cient; and e = error. Regression will be performed for 
each of the four indexes and analyses will be evaluated for 
efficiency and accuracy of the projections. The "best" 
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index for projecting Actual Days Open in a breeding group 
will be selected by using the following criteria: (1) Effi
ciency will be judged using R2 statistic generated from the 
regression analysis. If two or more indexes fall within the 
same range, the "best" index will be chosen by selecting for 
the one which is easier to calculate from on-farm data. 
(2) Accuracy will be evaluated by testing the hypothesis, 
H

0
: b = 1. In addition, the quality of prediction will be com

pared between seasons within each year and between 
years. In this manner the consistency of the prediction will 
be assessed. 

Results - Preliminary Study 

Ninety-seven complete obseivations were collected 
from the database in the sixteen month period. Simple lin
ear regression was used to analyze the data to compare the 
accuracy of the four projections of the actual days open in 
each active breeding group. R2 statistics from the simple 
regression model for the four indexes are as follows: Pro
jected Days Open (R2 = .568); Michigan DHIA Average 
Days Open (R2 = .523); Heat Detection/Conception Rate 
Days Open (R2 = .371) and Projected Average Minimum 
Days Open (R2 = .569). Appendix I contains a complete 
summary of the simple regression analysis. A multiple lin
ear regression model was used to investigate the associa
tion of farm in the ability of the indexes to predict actual 
days open in the active breeding group. The dependent va
riable in ths analysis was Actual Days Open with the inde
pendent variables as each individual index and farm. R2 

statistics from the multiple regression model are as follow
s: Projected Days Open (R1 = . 778); Michigan DHIA Av
erage Days Open (R2 = . 723); Heat Detection/ 
Conception Rate Days Open (R2 = .752) and Projected 
Average Minimum Days Open (R2 = .753). Appendix II 
contains a complete summary of the general regression 
analysis. 

Discussion 

The results from the preliminary study using the sim
ple regression model suggest that the predictive power of 
the four indexes is not extremely accurate in predicting the 
Actual Days Open of the active breeding group under in
vestigation. However, the accuracy of the prediciton can be 
improved if the regression model uses farm as a variable in 
the analysis. This improvement reveals individual farm 
characteristics are related to the accuracy of the predic
tion. Culling for reproductive performance plays a critical 
role in determining Actual Days Open in the active breed
ing group. Economical culling is an efficient method in the 
management of Actual Days Open. However, excessive re
productive culling will artifically lower Actual Days Open, 
obscuring changes in reproductive performance on the 
farm. To increase the predictive power of these indexes, 
fa.rm specific culling practices should be integrated into 
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this model. 
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APPENDIX I 
SIMPLE REGRESSION MODEL- ANALYSIS 

PROJECTED DAYS OPEN: R Squared Value = .568 

MIDHIA DAYS OPEN: 

HD/CR DAYS OPEN: 

PAMDO: 

# of Observations = 97 
Degrees of Freedom = 95 
X coefficient = .836 
Std Err of Coeff. = .074 

R Squared Value 
# of Observations 
Degrees of Freedom 
X coefficient 
Std Err of Coeff. 

R Squared Value 
# of Observations 
Degrees of Freedom 
X coefficient 
Std Err of Coeff. 

R Squared Value 
# of Observations 
Degrees of Freedom 
X coefficient 
Std Err of Coeff. 

= .523 
= 97 
= 95 
= 1.416 
= .139 

= .371 
= 97 
= 95 
= .576 
= .078 

= .570 
= 97 
= 95 
= 1.290 
=.115 
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APPENDIX II 
MULTPILE REGRESSION MODEL - ANALYSIS 

PROJECTED DAYS OPEN ANALYSIS - RESULTS: Dependent Variable: ADO 

Source 

R-Square 

0.778174 

PDO 
FARM 

F Value Pr>F 

27.11 0.0001 

DF F Value Pr > F 

1 217.68 0.0001 
10 8.05 0.0001 

MICHIGAN DHIA AVERAGE DAYS OPEN ANALYSIS - Dependent variable: ADO 

R-Square F Value Pr>F 

0.723318 20.20 0.0001 

Source 

MIDHIA 
FARM 

DF F Value Pr > F 

1 160.73 0.0001 
10 6.15 0.0001 

PROJECTED AVERAGE MINIMUM DAYS OPEN ANALYSIS- Dependent variable: ADO 

R-Square 

0.753066 

So urce 

PAMDO 
FARM 

F va lue Pr>F 

23.57 0.000 I 

OF F Val ue Pr > F 

1 196.20 0.0001 
10 6.30 0.000 I 

HEAT DETECTION/CONCEPTION RATE A VERAGEDAYS OPEN ANALYSIS- RESULT 

R-Square F Value Pr>F 
0.752329 24.00 0.0001 

Source DF F Value Pr> F 
HDCRPDO 11 8.48 0.0001 
FARM 9 13.50 0.0001 

Dry Cow Therapy and Mastitis Control, An Observational Study 

W.M. Sischo 
Department of Veterinary Science 
Penn State, University Park, PA 
G.Y. Miller 
L.E. Heider 
Department of Veterinary Preventive Medicine 
The Ohio State University, Columbus, OH 

A cross-sectional study involving 1032 dairy farms in 
Ohio was conducted with the objective to evaluate the ef
fectiveness of mastitis control measures in a contemporary 
dairy environment. Recently published observational stud
ies have found varying effectiveness of common mastitis 
control practices, particularly nonlactating cow therapy 
( dry cow therapy, DCT). Miller and Bartlett reported that 
DCT was not an economically advantageous practice. 
Howard et al. reported a negative marginal value product 
for DCT. Dargent-Molina et al. reported that not using 
DCT increased the risk for herds having mastitis asso
ciated with Streptococcus agalactiae (Strep ag) but did not 
increase the risk for a herd having mastitis caused by Sta
phylococcus aureus (Staph aureus). These findings seem to 
contradict the experimental results reported by Kingwill et 
al. and Smith et al. that support the use of DCT. The de
sign and conduct of our study was aimed at explaining the 
apparent discrepancy between the findings of the obser
vational studies and those of the experimental studies. To 
this end we designed the study to minimize information, 
confounding and response bias and to develop a parsimo
nious statistical model that would accurately describe the 
biologic implications of mastitis control. 

Many of the routine practices used to control mastitis 
were developed when the major contagious pathogens 
(Strep ag and Staph aureus) were prevalent. We felt that 
this situation may have changed, especially for Strep ag, 
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and that these pathogens currently were less prevalent. It 
was hypothesized that the effectiveness of certain mastitis 
control practices would be conditional on the presence of 
the major contagious pathogens. A primary focus of our 
study design was to classify study herds on the basis of the 
presence or absence of contagious pathogens and on herd 
somatic cell count (SCC). This constraint required that our 
sampling frame include only herds enrolled in the SCC op
tion of Dairy Herd Improvement Association (DHIA) and 
also belonging to Milk Marketing Inc. (MMI), an Ohio
based milk cooperative. 

The detection of contagious pathogens in a herd was 
based on culturing these pathogens from the herd's bulk 
tank milk which was provided to us by MMI. Complete mi
crobiological information was obtained from 802 herds. To 
complement the microbiological data, SCC data were ob
tained from DHIA on 741 of the study herds. As a result of 
these data, four mutually exclusive outcome categories 
were created: 1) herds with low SCC (geometric mean 
SCC < 150,000 cells/ml) without contagious pathogens, 
2) herds with mid-level sec (150,000-300,000 cells/ml) 
without contagious pathogens, 3) herds with coagulase
positive staphylococci in their bulk tank milk (CPS), and 
4) herds with esculin-negative, CAMP-positive strepto
cocci (ENCPS) in their bulk tank milk. 

Herd owners were surveyed by mail concerning their 
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