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Abstracl 

A stochastic, distributed delay simulation model was developed to conduct economic analysis of 

respiratory disease in Michigan dairy cattle. 
This economic analysis employed non-traditional methods for estimation of the cost of disease. 

These include ( 1) a stochastic distributed delay simulation mode& (2) inclusion of the reduction in 
feed costs due to disease, (3) measurement of the effect of risk factors on disease costs, and (4) 
incorporation of disease data from a randomly sampled, prospectively-monitored population of herds. 
This approach resulted in an increase in the estimated cost of respiratory disease to $4604 yr- ’ from 
$1490 yr- ’ (as previously reported in the same herds) by considering the effects of disease on growth, 
milk production, lost genetic potential, and replacement costs. It is hoped that this model or some of 
these modelling approaches may be useful to others attempting to estimate the cost of disease and the 
effect of intervention strategies. 
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1. Introduction 

In an earlier report (Kaneene and Hurd, 1990b) estimations of the ‘costs’ of common 
dairy diseases were described. The methods used to define and calculate these costs were 
designed to meet the needs of all states participating in the National Animal Health Moni- 
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toring System. Certain shortcomings in the methods used in estimating cost were discussed. 
These include: (1) inability to estimate long-term effects of disease due to lost animal 
potential; (2) lack of measurement of subclinical effects of decreased growth; (3) depend- 
ency on producer estimates of animal value; (4) lack of adjustment for revenue increasing 
effects of disease; and (5) milk-loss estimates based only on discarded milk. A common 
assumption made in estimating the cost of disease (Janzen, 1970; Natzke, 1976; Goodger 

and Skirrow, 1986; Fetrow and Anderson, 1987) seems to be that the total expenses 
associated with the occurrence of disease represent the true cost of the presence of that 

disease. The underlying premise is that a disease-free alternative exists, and that the elimi- 
nation of disease will result in an increase in profit equal to the total expenses. These 
methods overlook savings due to disease and the effects, due to disease, of changes in 
population structure that may affect the total economic picture. Also, since a disease-free 
utopia is unlikely, it would be more appropriate for the individual farm manager to consider 
the economic impact of changes in disease level or in management strategies that affect 
disease, rather than the elimination of disease. 

The objectives of this study were to: (1) apply the epidemiologic simulation model 
reported earlier (Hurd and Kaneene, 1992) to economic analysis of respiratory disease; 

(2) define and estimate the cost of respiratory disease in an ‘average’ Michigan dairy herd; 

and (3) determine the effects of changes in the level of various management characteristics 
on this cost. 

2. Materials and methods 

2. I. Study population 

Data for this study were obtained from the National Animal Health Monitoring System 
(NAHMS) in Michigan. The methods of data collection, herd selection, study design, and 
calculating incidence rates were described elsewhere (Kaneene and Hurd, 1990a). Briefly, 
the state of Michigan joined NAHMS in the fall of 1986. The objective of NAHMS is to 

provide statistically valid data about animal and poultry health-related events used for 
estimating the incidence, prevalence and cost of these events. This study was conducted in 
two, twelve-month phases: 1986-1987 and 1988-1989. The procedures and methods that 
were used for the study design, herd selection, data collection, and calculation of the 
incidence rates of various diseases involved were the same in both phases. 

The epidemiologic model for simuIation of a dairy herd has been described (Hurd and 
Kaneene, 1992). The early versions of the model were designed and tested on the Apple 
Macintosh SE with a graphic simulation software program (STELLA, 1987). These early 
versions were then reprogrammed in QuickBasic (Microsoft QuickBasic, Microsoft Cor- 
poration, Redmond, Washington, DC, USA) and implemented as the full model. A subrou- 
tine was added to this model to compute dairy income and disease-influenced variable costs. 

Revenue and expenses were computed on the basis of the number of individuals in any 
given disease state, in addition to animals sold. The block diagram for computation of dairy 
income and disease-influenced variable costs for all animals not in the clinical state is shown 
in Figs. 1 and 2. This was implemented in order to include the economic effects of changes 
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Fig. 1. Dairy income and disease influenced variables cost for calves and young stock. Block diagram. (Y.S., 

Young stock; lb, pounds; #, number; C,, clinical; Hd, head; 17, multiplication; P, summation; 30jdt, integration 
over 30 days; *, values from Fig. 2.) 

Fig. 2. Dairy income and disease-influenced variable costs for cows. (*, values used as input in Fig. 1.) (Y.S., 

young st’ock; lb, pounds; #, number; C,, clinical; Hd. head; II, multiplication; 2, summation; a’jdt, integration 
over 30 clays.) 
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Fig. 3. Computation of expenses associated with clinical disease. (Y.S., Young stock; lb, pounds; #, number; C,, 

clinical; Hd, head; Ii’, multiplication; 2, summation; “jdt, integration over 30 days.) 

in population structure due to disease, but not directly observed as disease expenses. The 
costs and income generated by this portion of the model will differ as the level of disease 

in a herd changes. Income, costs, and disease-associatedexpenses directly related to disease 
for clinical animals are computed according to Fig. 3. 

The sum of costs generated in Figs. 1,2, and 3 are termed the ‘disease-influenced variable 
costs.’ The disease-influenced variable costs include feed costs for calves, young stock, and 
cows; purchasing costs for replacement of cows; variable costs of milk production; and 

disease-associated expenses. Disease-associated expenses were estimated from the NAHMS 
database and include veterinary fees, drugs administered, and labor for care and treatment 
(Fig. 3). Variable costs of milk production include items such as hauling and advertising. 
Building depreciation, equipment repairs, and interest on fixed investments are assumed in 
this analysis not to change with the frequency of disease. The tax effects of selling livestock 
were not addressed. Purchasing costs were modelled only for cows. This was implemented 
by an inventory-control routine that would initiate the purchase of cows (at a set price, 
Table 1)) if the inventory of cows dropped below the starting level. 

Feed costs for all disease states were modelled by assigning a daily intake rate per head 
per day. Daily intakes and price per pound of feed (Table 1) were estimated from Nutritional 
Research Council (NRC, 1987) recommendations and application of the Spartan ration 
balancer (MSU/CES, 1987) to generate a typical ration for each age of animal. 
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It was assumed that the average animal in the healthy calf population weighed 165 lb 
(75 kg) and ate approximately 4 lb of dry matter per day. A ration of corn, soybean meal, 

midbloom alfalfa, and trace mineral salts costs $0.04 per pound with current prices, 1987 

in Michigan, from the ration balancer. Some of the feed given to calves includes milk 

replacer priced at $0.07 per pound reconstituted, so the average price was set at $0.05. The 

total amount of daily feed for calves was reduced by 50% of the amount of milk discarded 
due to antibiotic treatment of cows. This feedback feature allowed the effect of disease and 

antibiotic treatment in cows to decrease the cost of feeding calves. According to the NAHMS 

data (Kaneene and Hurd, 1990a), it was estimated that 50% of antibiotic tainted milk is 
fed to calves. 

The average young stock was assumed to be 12 months old and to weigh 660 lb (300 
kg). These animals consume 16 lb (7.3 kg) of dry matter per day at a price of $0.03 per 

pound. 

A ration was formulated for a 1300 lb (590 kg) body weight adult dry cow to determine 

the daily maintenance intake. Intake per pound of milk was estimated from rations developed 

for two cows, one making 60 and the other making 20 lb of milk per day. The average price 

for a ration of corn silage, alfalfa hay, ground shell corn, and soybean meal, with minerals 

was $0.03 per pound of dry matter (Table 1). 

For calves and young stock in the clinical state, it was assumed that there was a 50% 

decrease in daily feed intake. For poor doers (Hurd and Kaneene, 1992), a 10% decrease 

in feed intake was estimated from Miller et al. (1980), since it was stated that growth 
decreases without a decrease in feed conversion. Cows in the clinical state produced approx- 

imately 25% of the daily milk of healthy cows. For cows, it was assumed that the decrease 

in feed consumption was reflected in the decrease in milk production. 
The computation of expenses directly related to disease is shown in Fig. 3. As disease 

progress’es in a herd (and according to the processes described earlier; Hurd and Kaneene, 

1992)) the clinical states will fill with animals and then drug, veterinary,and labor expenses 

will beg-in to accrue. Sick animals still will generate some revenue; however, acutely-ill 

cows will milk at a decreased rate. Also, feed intake in all age groups will be decreased 

during illness so that some savings will occur. 

A portion of young stock and calves that have been diseased will have chronic effects 

that decrease their growth rate. The animals often are called ‘poor doers’ and the portion is 

the poor-doer rate (Table 1). The poor-doer rate only applies to animals in the immune and 

recovered states. Some poor doers are culled and some remain on the herd (Fig. 1). Those 

that are culled are reduced in value by 20% (Table 1) . Those that remain in the herd 
experience 2-7% decreased gain with no change in feed conversion (Table 1). However, 

calves that are born into the colostrum immune state are not affected. It is assumed that 

cows in ,the immune state carry no residual effects of disease. This assumption is based on 
clinical experience, and on the observation of no respiratory-related culling in the NAHMS 
database (Table 1) . 

Income was generated by animals in all states of disease. Income was derived from the 
sale of milk and sale of animals. Fifty percent of the calves born were sold as veal calves. 
Heifers from the young stock age group were sold if the inventory of heifers exceeded the 
original numbers. This maintained a constant herd size and helped to account for the effects 
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Table 1 
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Economic parameters for the ‘average’ daily herd 

Variable Default Units Comments Source 

Calves 

Female birth rate 

Male birth rate 

Purchase rate 

Poor doer rate 

Cull valucnon-resp 120 $/hd 

Cull value-poor doer 100 $/hd 

Bull calf value 

Drug T, expense 

Labor T, hours 

Vet T, expense 

Daily intake-non C, 

Daily intake-poor 

120 

0.5 

0.33 

0.05 

4 

3.5 

$/hd 

$/case day-’ Data 

hr/case day-’ Data 

$/case day-’ Data 

lb feed day-’ For 165 pound calf NRC, 1989 

lb/feed day-’ 2-7% decrease with in gain, Miller, 1980 

Daily intake-c, 2 lb feed day- ’ 
Price feed 0.05 $ lb-’ 

Discard milk to calves 50 % 

Young stock 

Poor doer rate 

Cull/sell value-non-resp 1000 $/hd 

Cull value-poor doer 260 $.hd 

Drug T, expense 0.41 $/case day-’ 

Labor T, hours 0.034 h/case day-’ 

Vet T, expense 0.03 $/case day-’ 

Daily intake-non-C, 16 lb feed day-’ 

Daily intake-poor 14 

Daily intake-c, 8 

Price feed 0.03 

cows 
Milk production-non-C, 

Milk production-C, 10 

Milk price 12 
Poor doer rate 0 

0.43 

0.43 

0 

10 

1 

41.78 

hd/cow yr- r 
hdlcow yr-’ 

% 

Sold at birth 

AEC 508 

AEC 508 

% of past infected that perform 

poorly 

Assume these are same value AEC 508 

as bulls 

Assume 20% reduction in 

value 

AEC 508 

% 

no change in feed conversion 

ratio 

Maintenance only 

0.07$ lb-’ for milk replacer, Data 

0.04 $ lb- ’ for dry feed 

% of milk discarded due to Data 

antibiotic treatment that is fed 

to calves 

% of past infected that performBlood et al., 1983 

poorly 

Assume sold for dairy 

Assume 20% decrease in value 

$3.28/ease for 7 days Data 

.23 h/case for 7 days Data 

$.21/ease for 7 days Data 

1. Average 12-month-old NRC, 1980 

heifer at 660 lb 

lb feed days-’ 2-7% decrease in daily gain Miller, 1980 

lb feed day-’ Maintenance only 

$lb-’ 4 lb Ground shell corn, 12 lb MSUICES, 1987 

alfalfa grass hay, 7 lb corn 
silage with vitamin premixes 

lb day-’ 

lb day-’ 

$ cwt-’ 
% 

Based on 15 000 lb for 360 

days 

% of past infected that perform 

poorly assume no effect in 

adults 
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Variable Default Units Comments Source 

Purchase price 1500 

Cull value-non-resp 546 

Drug T, expense 1.8 

Labor ‘I, hours 0.08 

Vet T, expense 0.75 

Daily intake-maintenance 24 

Daiiy intake lb-’ milk 0.3 

Variable cost of milk hauling, O.Ol/lb- 

etc. 

Discard milk 50% 

Price feed 0.03 

All ages 

Discount rate 0.01 

Wage rate 5.5 

Infection duration 7 

Immunity duration 360 

Vaccination duration 210 

$/hd 

$/hd 

$/case day-’ 

$/case day-’ 

$/case day-’ 

DM lbday-’ 

DM lb lb- ’ 
milk 

$/lb milk 

Price of replacement cow 

13001b @$.42 lb-’ AEC 508 

$13/ease for 7 days Data 

O.S/case for 7 days Data 

5.30/ease for 7 days Data 

Based on feeding 60-month- MSU/CES, 1987 

old dry cows 

MSIJKES, 1987 

For advertising AEC 508 

% 

$/lb 

Assume 50% of sick cows are 

treated 

MSUICES, 1987 

% year- ’ 

$ hr-’ 

Days 

Days 

Days 

Opportunity cost of 

intermediate term capital 

Average time in clinical 

After natural infection 

AEC 508 

Literature 

T,. treatment; C,, chemical; hd, head. 

of disease on animal populations. Culling rates in cows for non-respiratory disease were 
estimated from the NAHMS data (Table 1) . 

Milk production was defined at the beginning of the run as an average 15 000 lb (6818 
kg) per lactation for cows that were not in the clinical state. Milk production increased 
annually as a function of the rate of new heifers freshening into the herd, in order to include 
the long-term effects of genetic improvement. An equation was defined so that if 30% of 
the milking herd was replaced in 1 yr, then the daily milk production parameter would 

increase by 2% (Radostits and Blood, 1985, pp. 196-200). Milk price was set at $12 per 
100 lb. 

The difference between gross income dairy and total disease-influenced variable costs, 

was computed every 30 days. The net present value (NPV) of this monthly stream of 
income was calculated by discounting (Barry et al., 1983, p. 206) back to the beginning of 
the run. This procedure assumed a fixed discount rate of 10% and served to equalize 
differences in the timing of disease occurrence from one scenario to another. Therefore, an 
epidemic that occurred in Year 1 of a run could be compared to an epidemic that occurred 
in Year 5, for example. 

2.2. Model application 

The parameters of the simulation herd were set to define an ‘average’ Michigan dairy 
herd (Table 2). This herd had 11 calves in the herd, 41 young stock, and 81 cows. This is 
equivalent to the NAHMS Stratum II herd (Kaneene and Hurd, 1990a). The disease-free 
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Table 2 
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Simulation results for ‘average’ Michigan dairy herd with different levels of disease means. 5-year totals for 20 nms 

Model setting 

Age group ID(O)” 

Simulation results 

SAR 5 Year total Feed costs Purchase Animal Milk sales 5 year NPV’ Cost of 

new cases cost sales diseased 

Baseline 

A 0 

B 0 

C 0 

Disease 1 

A 0.03 

B 0.005 

C 0.002 

Disease 2 

A 0.08 

B 0.005 

C 0.0034 

Disease 3b 

A 0.03 

B 0.005 

C 0.002 

Disease 4b 

A 0.03 

B 0.005 

C 0.002 

0 

0 

0 

0.106 0.10 39 654 

0.019 1.3 

0.005 0.46 

0.3 0.18 40 345 

0.019 1.3 

0.01 8.4 

0.2 8.2 36 198 

0.04 1.62 

0.01 0.52 

0.2 

0.04 

0.01 

39 444 

0 

0 

0 

7 37 179 

3 

0 

23 194 90 102 721258 639 463 0 

28 883 81 866 726 676 634 859 4604 

35 917 

33 515 

34 748 

93 824 125 965 628 812 10651 

89 659 715 446 614 300 25 163 

89 062 708 071 612 867 26 596 

lnitial group size: calves (A), 11; young stock (B), 41; cows (C), 81. 

“Incidence density per 100 animal years. 

bT~o initial infectives. 

‘NPV, net present value. 

? year total NPV ( = 5 year NPV, disease lb5 year NPV, baseline). 

herd (baseline) was simulated for a 5-year period by setting the initial annual incidence 
density and secondary attack rates near zero, since division by zero in the computer program 
produced an error. The probability of a new infection was set to zero. An initial infective 
was added to each age group at the beginning of the run, in order to provide disease expense 
comparison to disease runs that also started with one initial infective (Scenarios 1 and 2). 
This disease-free herd served as the standard of comparison by which the cost of respiratory 
disease could be computed. The cost of respiratory disease was defined as the difference in 
5-year NPV for the disease-free herd compared with the diseased herd. Though it is unlikely 
that this disease-free herd actually exists, it was included in this analysis to allow comparison 
of the current technique with more traditional methods. 

Diseased herds were computed in various manners to represent some different scenarios. 
Scenario 1 was run with the initial annual incidence densities (ID(O)s), probability of new 
infection ( ProbNew) , and secondary attack rates (SAR) set at the mean values observed 
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in the data (Hurd and Kaneene, 1992). All animals, including neonates, were considered 

susceptible at the beginning of the run. 

According to the logistic model of Hurd ( 1990), the occurrence of greater than 50% of 
non-milking labor as hired help should increase the odds of disease 2.8-fold in calves and 
1.8-fold in cows, Scenario 2 might represent the ‘average’ Scenario 1 herd that now adds 
this risk factor. The ID(O)s and SARs were multiplied by the odds ratios to obtain the 
increased risk of disease in Scenario 2. (Note: odds ratios = 2.8,l .O, and open 1.8 for calves, 
young stock, and cows, respectively.) In Scenarios 3 and 4, the SARs were set at twice the 
average and two infectives were added to the initial population of each age group to simulate 
high disease rates. In Scenario 4, the case fatality rate was set at a high level (50%) in all 

age groups in order to estimate the cost of an extremely pathogenic disease. 

n 60 

= 50 
K 

0.0-2.0 2.1-4.0 4.1-6.0 6.1-8.0 8.1+ 

# Cases per year 

Fig. 4. Birnodal distribution of number of respiratory cases of calves per year from Scenario 3 for 100 runs of the 

simulation model. Same initial settings as in Table 2. 

Fig. 5. Birnodal distribution of number of respiratory cases of young stock per year from disease Scenario 3 for 
100 runs of the simulation model. Same initial settings as in Table 2. 



126 H.S. Hurd et al. /Preventive Veterinary Medicine 24 (1995) I1 7-128 

60 

0.0-10.10.1-2020.1-3030.1-4040.1-5050.1-6060.1-7070.1-80.0 

# cases per year 

Fig. 6. Bimodal distribution of number of respiratory cases of cows per year from disease Scenario 3 for 100 runs 

of the simulation model. Same initial settings as in Table 2. 

3. Results 

Model parameter settings and results are shown in Table 2. The mean cost and income 
variables were computed for 20 5-year runs for each scenario. The cost of disease is the 
difference in the 5-yr NPV (discount rate= 10%) from the disease free herd (baseline), 
and each additional scenario. Ending cattle inventories did not differ substantially between 
scenarios, although the number of cows purchased increased with increasing disease sever- 
ity. In scenarios with severe disease, purchased and surviving cows provided ample offspring 
by the end of the 5-year simulation to replace calves and young stock lost to disease. 

Figs. 4, 5, and 6 demonstrate the bimodal distribution of total cases per epidemic. For 
this analysis, the epidemiological portion of the model simulated 100 5-year periods without 
the accompanying financial analysis. There is a graph for each age group with disease 
Scenario 3. This same type of distribution was also noted in Scenario 4, but was not noted 
in 1 and 2 due to the relatively low number of cases that occurred. This distribution is the 
same type that would be produced by multiple runs of a stochastic Reed-Frost model or the 
distributed delay model (Hurd and Kaneene, I 992). 

4. Discussion 

The mean cost of respiratory disease, as reported by Kaneene and Hurd ( 1990b), were 
$14 per calf yrr’, $1.95 per heifer yr- ‘, and $1 per cow yr- ‘. These are the same costs 
that would be expected for the Scenario 1, because this scenario used the mean disease 
frequencies observed in the Michigan NAHMS herds (Kaneene and Hurd, 1990a). There- 
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fore, for the herd sizes employed in this model, these cost estimates would predict an annual 
cost of $1490. As can be seen by comparing with the model output for the Scenario 1, the 

simulated cost of disease is much higher. By including the effect of disease on growth, milk 
production, lost genetic potential, and replacement costs the annual costs of disease are 

increased to $4604. 
The costs of disease increase dramatically from Scenario 1 to Scenario 2. The difference 

($5947) could be attributed to increased purchase costs and decreased milk sales. The 
increased purchase costs were a result of higher levels of disease in the calves and young 
stock. Decreased milk sales resulted from more disease in the cows. Any change in man- 
agement that increased the odds of disease occurrence 2.8-fold in the calves and l.&fold in 
the cows, might produce the same result. By adjusting the baseline incidence density (ID( 0) ) 
and the SAR, the economic effect of changes in various management practices may be 
evaluated. This method may be employed for a variety of factors where the risk has been 
quantified. Use of this model would allow one to investigate the benefit/cost ratio of various 
intervention strategies that decrease the risk of disease. The economic impact of the stra- 
tegy’s effect on disease frequency can be measured along with the cost of the strategy. 

If the disease frequency is increased by the addition of initial infectives and/or by 

increasing the SAR, the cost of disease increases further. This increase is demonstrated in 
Scenarios 3 and 4. Scenario 4 demonstrates the effect of an increase in the case fatality rate 
(CFR) of disease with a similar frequency of disease as Scenario 3. The cost of purchased 
animals increases by $1178 in this example. Milk sales decreased due to the effect of lost 
genetic potential of the home raised stock. It was assumed that purchased animals would 
have production capabilities at the herd average. Even though Scenarios 3 and 4 started 

with similar disease-frequency settings (ID(O), SAR), the total cases varied slightly. This 
decrease in cases for Scenario 4 occurred because the increased death rate resulted in fewer 
infectives in the herd, resulting in fewer cases. 

A comparison of Scenarios 3 and 4 with the Baseline, no-disease option shows how the 
cost of feeding calves and young stock is decreased as the frequency and severity of disease 

is increa.sed. This ‘savings’ refers only to the variable cost of rearing replacements, but 
often is not included in estimates of the cost of disease. This ‘savings’ is at least partially 

offset by the cost of foregone production potential (i.e. opportunity cost) as reflected in the 
increased cost of purchased replacements. The increase in the feed costs for Scenario 4 over 
3 is a result of the model increasing the purchase of healthy adult animals to replace those 
that died. 

Many new techniques were employed in this model. Under the scenarios tested, the model 
gives consistent and logical results. However, additional testing would further support the 
model’s robustness. The use of a continuous variable model resulted in case frequencies of 
less than one. Some readers may find this intuitively unappealing. In an effort to add as 
much reality as possible, the model became fairly complex. However, the authors expect it 

to perform better than traditional models. 
This economic analysis employed non-traditional methods for estimation of the cost of 

disease. These include ( 1) a stochastic distributed delay simulation model; (2) inclusion 
of the reduction in feed costs due to disease; (3) measurement of the effect of risk factors 
on disease costs; and (4) incorporation of disease data from a randomly sampled, prospec- 
tively monitored population of herds. As a result, the estimated economic impact of respi- 
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ratory disease was substantially greater than previously reported from the same herds. It is 
hoped that this model or some of these modelling approaches may be useful to others 
attempting to estimate the cost of disease and the effect of intervention strategies. 
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