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Reproductive performance is the single most important economic trait in cow herds.1 Reproductive diseases and conditions have been estimated to cost from $13.10 to $14.90 per beef cow per year. These reproductive losses are six times more costly to the beef industry than losses resulting from respiratory disease. On a percentage basis, reproductive conditions and disease cost 3.4 to 3.9% of beef cow/calf value of production.2
The two production factors with the greatest impact on cow/calf profitability are the percentage calf crop weaned and pounds weaned per exposed cow. Both of these key profitability indicators are heavily influenced by herd reproductive performance. Unfortunately, reproductive performance in U.S. beef herds has remained at an unacceptable level for the last several decades. Several sources place the average percentage weaned calf crop (based on cows exposed) in the low 80’s,3 with some regions of the country in the 70’s.4 A weaned calf percentage near 80% typically translates to a 90% pregnancy rate and 90% of the pregnant females actually weaning calves (.90 X .90 = 81% weaning rate). As an industry, we are increasing total beef production per cow, but this increase has been the result of feedyard cattle fed to heavier weights and slaughtered at earlier ages, not reproduction.3 
Better understanding of nutritional requirements and utilization of a well-defined body condition scoring system, advances in reproductive vaccine technology, better understanding of reproductive disease processes and advances in methods for bovine estrus cycle manipulation are just  a few of the scientific advancements that offer tremendous opportunities for improving beef reproductive performance. In spite of these advances, a lack of reproductive improvement looms in many beef operations. While poor nutritional management, manifest as inadequate body condition at calving and breeding, is without a doubt the number one cause of reduced reproductive performance, other key factors related to disease control and reproductive management practices also play an integral role.  Herd biosecurity  and vaccination practices, performance of bull breeding soundness examinations and rigorous culling strategies following pregnancy examination are all important components for optimal reproductive performance. The consequences of reproductive disease and some of the potential negative impacts of inadequate disease control programs will be briefly addressed.
Brief Reproductive Disease Review

Reproductive disease losses are associated with much more than overt signs such as abortions and lowered calving percentages. For example, embryonic death (death before day 42 of pregnancy) may be covert and have more of an effect on calving distribution than overall pregnancy and calving percentage (Figure 1). The impact of altered calving distribution on average weaning weight can be dramatic. Weaning weight is profoundly affected by calf age within herds.  Cost of production is essentially the same within herds regardless of whether a female calves early or late during the calving season. A Mississippi report  showed a 147 pound average weaning weight difference between calves born in the first 20 days and those born in the last 20 days of the calving season.5 Following is a brief review of some of the common diseases causing reproductive losses in beef cattle for which proven vaccines are available.

Infectious Bovine Rhinotracheitis (IBR)

Though most known for its role in bovine respiratory disease (BRD), IBR remains one of the most important causes of abortion and reproductive losses in cattle. Abortions can occur at any time, but IBR is most commonly diagnosed during the last half of gestation. Abortions occur weeks after infection and aborted fetuses tend to decompose prior to expulsion, thus reducing accurate diagnosis of positive cases. IBR virus has been shown to cause infertility in heifers and temporary damage to the ovary. IBR is a herpes virus and becomes hidden (latent) in nervous tissue after the disease subsides. The virus reactivates during times of stress. Cattle latently infected with IBR exhibit no clinical signs during reactivation, but can spread the virus to susceptible animals. Modified live virus (MLV) vaccines administered to the entire cow herd are the most effective products for IBR control.
Bovine Viral Diarrhea (BVD)

BVD virus can cause abortions, birth defects, stillbirths, undersized and/or weak calves. Additionally, this virus suppresses the immune system, allowing other infectious diseases to occur. Cow herd production and reproduction losses from BVD are most severe when BVD-persistent infection (BVD-PI) is present in the cattle population. PI calves are created when the fetus is exposed to the most common form of BVD virus (non-cytopathic) during the first four months of pregnancy. In the first four months, fetuses have an underdeveloped immune system which is incapable of recognizing BVD virus as a foreign agent. The BVD-PI condition remains with the animal until death. Most BVD-PI animals die during the first year of life, but a small percentage survives to reproduce and continue the cycle of herd infection. Throughout their life, PI cattle will secrete large amounts of virus -- up to 1,000-fold more virus than acutely infected animals will shed. The only way to effectively control BVD is to incorporate appropriate control measures, including vaccination, to prevent viremia (virus in blood) and keep the virus from reaching the fetus, thus preventing birth of BVD-PI calves. This is best accomplished with an effective pre-breeding BVD (Types 1 and 2) vaccination program and by eliminating exposure to BVD virus, particularly BVD-PI animals, during the critical first four months of pregnancy.
Campylobacter (Vibrio)

This is a common venereal disease of cattle. Infection of the female is temporary and may manifest as infertility or occasionally, abortion.  Males, especially older animals, are chronically infected, possibly for life. Very little new information has been published about Vibrio in the last twenty years. Nevertheless, this organism continues to interfere with optimum reproductive rates and remains a potential source of economic loss throughout much of the U.S. Effective vaccines are available which provide good protection for both bulls and females. There are even reports with one product of clearing infection in cows and bulls by vaccinating in the face of an outbreak. The mechanism for clearing infection is poorly understood by immunologists.6, 7
Leptospirosis


Leptospirosis is a bacterial disease which affects animals and man. It can cause abortions, embryonic death, stillbirths, infertility and loss of milk production. The most common cause of leptospirosis in the United States is Lepto hardjo-bovis. This type of hardjo is antigenically different from the hardjo-prajitno identified in Europe and currently used in most combination leptospirosis vaccines in the United States.

Cattle are carriers (maintenance hosts) for hardjo-bovis, which has been shown to decrease conception rates and increase the number of stillbirths and weak calves. While carriers do not always develop signs of being sick, they do continue to shed the organism. Diagnosis is often difficult because carrier animals may have low antibody titers. Currently, the best method for diagnosis is a combination of a urine sample to identify the presence of leptospires and a blood sample to differentiate which type (serovar) is involved.

An effective hardjo-bovis vaccine became available in the United States in 2003. This vaccine prevents urinary shedding, kidney and reproductive tract colonization8, provides yearlong immunity and provides protection to calves as young as four weeks. Heifers can be infected with Lepto hardjo-bovis early in life, resulting in subsequent infertility and/or pregnancy loss. Vaccination of replacement heifers and bulls should be performed as early in life as possible to reduce infections and infertility.  

Current U.S. Beef Reproductive Vaccination Practices

Control of the disease processes listed above could have a positive impact on pregnancy percentage, calving rate and distribution and weaning percentage, thus increasing pounds weaned per cow exposed. Vaccines are available that provide protection against many of the common diseases that cause abortions, infertility, stillbirths and other preweaning losses. However, many producers do not routinely take advantage of these vaccines. For instance, the Beef ’97 NAHMS report stated that a low percentage of U.S. beef operations vaccinate their cows for the major reproductive diseases: IBR, BVD, Leptospirosis and Campylobacteriosis (18%, 17.4 %, 28.5%, 20.1%, respectively).9 Of those that do vaccinate, many fail to administer required booster doses (killed vaccines) or vaccinate at the critical time period necessary for maximum protection. Vaccination against IBR, BVD, Leptospirosis and Campylobacter (Vibrio) should be administered prior to the breeding season for optimal immunologic impact in preventing reproductive loss.  

The right vaccine at the right time

Administration of reproductive vaccines prior to breeding makes good immunologic sense. This approach allows for a peak in immunologic responses in correlation with breeding season exposure. Failure to vaccinate at the correct time may result in decreased reproductive performance, even when the best products available are used. Fetal protection against IBR is best acquired by the administration of a modified-live vaccine prior to the breeding season.10 Killed IBR vaccines are safe for use in pregnant cattle regardless of their vaccination history. However, there are no critical studies demonstrating the ability of killed IBR vaccines to protect the fetus.7 

Fetal protection against BVD (Types I and II) is best achieved by administration of a modified-live or killed vaccine with proven fetal protection. Complete fetal protection to avoid calf losses must be a combination of a sound prebreeding vaccination program, biosecurity and strategic diagnostic practices. When choosing vaccines for fetal protection, appropriately labeled products with research proven performance should be selected.

Administration of modified live viral vaccines and prebreeding timing can be a major hurdle in year round or extending breeding seasons since modified live IBR vaccines have been shown to cause abortion in previously unvaccinated pregnant heifers or cows. Only one manufacturer‘s modified-live IBR-BVD viral vaccines are currently labeled for use in pregnant cows and calves nursing pregnant cows11, provided an initial dose is given when cows are open and no more than one year has lapsed since the last vaccination.  For IBR, a temperature sensitive modified-live and an intranasal modified-live are approved for use in pregnant cows regardless of previous vaccination history.

Many cows that are vaccinated for reproductive diseases are vaccinated around calf weaning time. This is generally too late to provide protection for the current pregnancy, and may be too early to provide optimal protection for the next breeding season. If we are to improve reproductive performance with vaccination, quality products must be handled properly and administered at the appropriate time. A short, controlled breeding season and a commitment to handle cows in this critical prebreeding time period are crucial for maximum efficacy of reproductive disease vaccinations. This may require changes in traditional management practices. However, the potential rewards of recapturing some of the 20% annual calf losses in the U.S. cowherd make this management change worthy of strong consideration. 

The developing heifer prebreeding vaccination program is the foundation for maintenance of lifetime cowherd immunity. Substantial carry-over effect in herd immunity occurs when a sound health management program for heifers is implemented. Even in herds that have extended breeding seasons or choose not to implement prebreeding vaccination in the mature cowherd, improvements in heifer prebreeding management can usually be successfully implemented.

Putting Reproductive Health Costs In Perspective
While specific economic losses from many reproductive diseases are hard to quantify, recent publications have given us a better handle on specific production and economic losses that can occur from the introduction of BVD persistent infection in a susceptible population. 
A 5-state study screened 128 beef herds for BVD persistent infection (PI). The proportion of cows that were pregnant at fall pregnancy examination was 5% lower in herds with PI calves born during the next calving season.12 Based on a literature review conducted by Kasari and Wikse at Texas A&M in 2002, additional potential loss estimates were gleaned from available information. It was estimated that an additional 10% of a calf crop could be lost due to introduction of PI animals to susceptible herds. Further review led to an estimate of a 2% reduction in weaning weight due to an acute outbreak of BVD.  By using these estimates (5% reduction in pregnancy percentage, 10% more loss in weaning percentage, 2% reduction in weaning weight), the authors developed a crude estimate of the difference in herd gross income per cow exposed using Southwest Standardized Performance Analysis (SPA) data from 1991-2000. With an average weaned calf price of $100 per hundred pounds, projected losses were $50.78 per exposed cow.13  
Economic effects were determined in a 10-year farm profitability model assuming 5% reduced pregnancy percentage, 10% increased preweaning mortality and 0.5% reduction in weaning weight resulting from BVD persistent infection. $14.85-$24.84 per year decreased return to fixed costs per beef cow exposed was projected from this model.14 Clearly, projections of approximately $20 per cow per year losses due to BVD warrant substantial expenditures for BVD control programs.  

How much is a complete reproductive vaccination program worth? This is a very difficult question. Regardless of whether we use figures written on a napkin at the coffee shop or spend years and thousands of dollars developing an elaborate disease economic modeling program, cost-effectiveness of preventive disease programs is based on assumptions, biologic variability, unpredictable weather patterns and countless other variables. Diseases are usually cyclical from year to year. In some years, with minimal or no exposure to a particular pathogen, scientific neglect (no vaccination) would appear prudent to the naïve operator. However, if circumstances result in increased disease challenge, extreme weather events, management snafus and just plain bad luck…reproductive disease disasters can (and will) occur.

An annual comprehensive reproductive vaccination program (Table 1) would cost approximately $3.50 for the product, depending on the combinations used. Since other herd procedures would likely be performed at the same time, a conservative labor cost associated with vaccine administration could be placed at $1.00 per head.  Total expenditures per cow would then be around $4.50 per head. 

In an analysis of 3431 lots, representing 400,055 beef calves sold through eight Superior Livestock video auctions in 2004, the mean base weight of the lots was 561.7 pounds and the mean price per 100 pounds was $124.54.15 In other words these calves averaged $700 per head! In a 100 cow beef herd, if an investment of $450 (100 cows X $4.50 per head) resulted in just one extra weaned calf ($700), then the $450investment was obviously cost effective. Additionally, if we assume an 85% weaning percentage, then we could look at the $450 reproductive disease vaccine as a form of insurance for calves selling for $59,500 (85 X $700). This example is an oversimplification, but illustrates the potentially dramatic effects of reproductive disease prevention programs.
In a Texas study that evaluated the association between 25 profitable cowherd management practices and increased profitability, the greatest positive change was in the herd health category. One of the major herd health improvements from the baseline year to the end of the three-year project was the addition of adult cow vaccination, particularly IBR and BVD. It is not possible to determine which of the specific integrated management practices had the greatest positive impact. Nevertheless, the total economic impact of the 3-year study was a mean increase of net income per cow of $158.90 for the herds completing the project.16 

Another advantage to a sound reproductive vaccination program is the positive effect on herd level health and ultimately, enhanced colostral immunity. Research has demonstrated the effect of cowherd health and colostral management practices on the lifetime performance of cattle.17 Proper timing of heifer and cow vaccination protocols can pay dividends in improved reproductive performance and overall lifetime performance of breeding animals and their offspring. As the beef industry continues to see increased demand for source verified calves in cooperative integration programs, the health program of the cowherd of origin will become an integral component in value assessment.  
Summary


Cost-effective improvements in herd reproductive performance are likely with the addition or enhancement of a comprehensive cowherd reproductive vaccination program. Selection of products with published, research-proven efficacy is essential for consistent results. Even with the utilization of the best products available, proper handling and timing (just prior to the breeding season) is essential for optimal effectiveness.  Evaluation of field vaccine efficacy is often difficult due to the natural cycling of disease challenge from year-to-year within populations and biologic and management variability. Nutrition, herd biosecurity and management practices, such as breeding soundness evaluation and pregnancy exam, are crucial for improved reproductive health and performance. Consult your local veterinarian for assistance in developing a comprehensive reproductive health program for your operation. 
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Table 1. Reproductive Vaccination Guidelines
1st Year (Replacement Heifers/Developing Bulls)

	Vaccine
	Timing/Frequency
	Other Recommendations

	IBR
	At least two doses from weaning to breeding
	(Modified live only (according to label)

(Label claim for aiding in abortion prevention

(If not previously vaccinated (with MLV) do not administer later than 3-4 weeks prebreeding (heifers)
(Label claims for vaccination of pregnant cows

(Label claims for vaccination of calves nursing pregnant cows

	BVD
	At least two doses from weaning to breeding
	(Modified live or killed if label claims for Type I and II fetal protection

(If not previously vaccinated (with MLV) do not administer later than 3-4 weeks prebreeding (heifers)
(Label claims for vaccination of pregnant cows

(Label claims for vaccination of calves nursing pregnant cows

	Leptospirosis
	Two doses from weaning to breeding 
	(Hardjo-bovis antigen included
(Label claims for prevention of renal and genital tract colonization

(hardjo-bovis)

(Label claims for aiding in prevention of fetal infection (hardjo-bovis)

(Label claims for overriding maternal antibody and administration very early in life (hardjo-bovis)

(Label claims for one year duration of immunity

(hardjo-bovis)

	Campylobacter (Vibrio)
	Two doses from weaning to breeding
	(oil adjuvanted vaccine preferred for longer duration of immunity


Annual (Bulls/Cows)

	Vaccine
	Timing
	Other Recommendations

	IBR
	Prebreeding preferred
	(Modified live (follow label directions) or temperature sensitive modified-live
(Label claim for aiding in abortion prevention

(Label claims for vaccination of pregnant cows

(Label claims for vaccination of calves nursing pregnant cows

	BVD
	Prebreeding preferred
	(Modified live or killed if label claims for Type I and II fetal protection

(Label claims for vaccination of pregnant cows

(Label claims for vaccination of calves nursing pregnant cows

	Leptospirosis
	Prebreeding preferred
	(Hardjo-bovis antigen included
(Label claims for prevention of renal and genital tract colonization

(hardjo-bovis)

(Label claims for aiding in prevention of fetal infection (hardjo-bovis)

(Label claims for overriding maternal antibody and administration very early in life (hardjo-bovis)

(Label claims for one year duration of immunity

(hardjo-bovis)

(In high risk areas for leptospirosis, twice annual vaccination is recommended for all antigens except hardjo-bovis (one year duration of immunity)

	Campylobacter (Vibrio)
	Prebreeding preferred
	(oil adjuvanted vaccine preferred for longer duration of immunity
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