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Introduction 
In order to scientifically choose a vaccine or design a particular vaccination program it is necessary to consider 
many variables.1  With the larger herds vaccine program need to be based on more science than ever before. Some 
of these include: 

1. Presence and degree of challenge of the particular diseases on the farm or  
      ranch. 
2. Management practices on the facility that lend themselves to or hinder  
      vaccination programs. 
3. At what times or ages are the disease problems occurring and are they  
      associated with any stresses. 
4. What immune system components are necessary to afford protection against  
      the various disease. 

 5.   Some basic immunology concepts. 
6. The information that is available on products being considered and the source   and quality of the 

information.   
 
Challenge 
The level of disease challenge and degree of protection are in a continual state of fluctuation. The level of 
protection is different in every vaccinated animal due to biological variability (level of stress, vaccination history 
etc.).  The same is true with the amount of exposure to a pathogen (addition of animals, weather changes etc.). 
Overwhelming challenge can override the immunity and lead to disease even in well-vaccinated animals.2 Of 
course, susceptibility to the challenge organism is an important component of the disease process.  While stress 
will be covered later in the section, the potential impact of other factors such as nutrition, environment and 
housing cannot be overlooked as important pieces of disease prevention and control.  
 
Timing of Disease 
Many farms will have consistent, recurring times when certain diseases occur.  The timing may give some insight 
into stresses that are occurring in the management of the cattle.   Correcting these stresses can have a positive 
impact on vaccination and lessen disease susceptibility.  Furthermore, this type of a history is helpful to determine 
the timing of vaccinations.  This is a concept that is often underutilized when designing dairy vaccination 
programs. Knowing when a problem has historically occurred will allow vaccinations to be scheduled when they 
will give maximum immune responses in preparation for anticipated challenges. The challenge organisms will 
often change by age of the animal as will the disease syndromes seen. Common diseases for which federally 
licensed vaccines are available are shown in table 1. Many of these diseases have multiple syndromes (i.e. 
respiratory and reproductive disease) 
 
Assessing Vaccine Efficacy 
Vaccine efficacy can be extremely difficult for the practitioner to assess.  Traditionally, serologic data showing 
pre and post vaccination titers has been equated to protection.  For many diseases there is a poor correlation 
between an antibody being measured and the protection generated by the vaccine in the animal.3  Recently, cell 
mediated immune function tests have been added to show a more complete stimulation of the immune response 
after vaccination.4  Although this gives more information on the vaccine, it still does not answer the basic question 
of the how well a vaccine really protects.  This can only be answered by well-designed challenge studies.  There 



are many examples of well designed studies with both viral5,6 and bacterial7,8 agents.   In order to assess a 
challenge study the following information is needed: 
 1.  Trial design including animal characteristics 
 2.  Statistical analysis of the data 

3. Route of administration of the challenge 
4. Characteristics of the  challenge organism   

 5.  The method for clinical assessment and outcomes measured 
 6.  Publication of the results in a peer reviewed article 
Unfortunately, for many of our diseases, the challenge model is not well established.   
 
Field trials are even harder to assess but are valuable at answering the effectiveness (i.e. the efficacy in a 
particular situation) and efficiency of vaccines (cost effectiveness of a vaccine).9  There are several good 
references on field trial analysis available.10.11  
  
Modified Live Versus Inactivated Vaccines 
Each companies’ development and manufacture of cattle vaccines is different, thus the composition of the vaccine 
will vary dramatically among different manufacturers.  Outlines of production are proprietary for each 
manufacturer, however some information can be found in technical and marketing pieces.  For example, some 
viral vaccines are grown on bovine derived kidney cell lines whereas others are grown on porcine derived kidney 
cells.  Some vaccines are grown on only calf serum and some are grown on both calf and fetal calf serum. 
Differences in times a virus is grown before a vaccine is made (passage) may be found as well.  The variability is 
seen in the following areas; 

a. Strain(s)/agents chosen for the vaccine 
b. Number of viral passages and when bacteria are harvested for vaccine manufacture 
c. Growth medium  
d. Amount of viral or bacterial componenets in the vaccine  

There are basically three different technologies available today in cattle viral and bacterial vaccines.2,12 
 1.   Modified live (attenuated) vaccines contain living bacterial or viral organisms.  They are usually 
collected from a field disease and then grown in abnormal host cells (viral) or media (bacterial) to change or 
attenuate the pathogen.  Each time the pathogen is grown through a replication it is called a passage and it is 
administered back to the animal to see if it is still virulent.  After several passages the pathogen will begin to lose 
virulence factors since it cannot cause “disease” in these unnatural host cells.   Once the pathogen can no longer 
cause “disease” in the target species it is then tested to see if it can confer protection.  The final vaccine is usually 
passed a number of times beyond the passage where virulence is no longer seen.  This decreases the risk of 
reversion to a virulent pathogen.  These vaccines usually require good quality control to decrease the risk of a 
contaminant entering the vaccine. 
 b.   Inactivated (killed) vaccines are easier to develop since virulence after growth is not a problem.  The 
same pathogen is isolated from a disease outbreak.  The pathogen is grown and then chemically or physically 
killed.  The inactivation is usually achieved by either adding a chemical to the pathogens or using ultraviolet rays.  
The major concern with inactivation is the potential loss of important epitopes. An adjuvant is normally added to 
inactivated vaccines to heighten the immune response.  The vaccine is then tested for efficacy. 
 c.  Genetically engineered vaccines have been altered genetically usually through a mutation.  This 
mutation may be induced by several different methods but the ensuing bacteria or virus has different properties 
that may alter virulence or growth characteristics.  Most of these vaccines are modified live mutants (temperature 
sensitive viral vaccines; streptomycin dependent Pasteurellas) but inactivated marker vaccines are also genetically 
engineered.  These vaccines have been engineered to delete a gene and cause an immune response deficient in 
antibodies to a certain epitope thus allowing diagnostics to differentiate between vaccine and natural exposure 
responses (gene deleted IBR vaccines). 
 
Once an infectious agent has been chosen for vaccine production and the agent has been altered (modified live or 
inactivated), then the potential vaccine is put through a series of experiments to determine the minimum antigenic 



dose required to give adequate protection.  This is called the minimum immunizing dose (MID). .In order to 
obtain shelf life, the MID must be in the vaccine at expiration date so a vaccine will contain more antigen than the 
MID at time of release of the serial of a vaccine.  In effect, a vaccine’s efficacy is not determined with the final 
product used by the veterinarian but at a reduced level of immunogens from the amount contained in the final 
vaccine.  
   
Designing a Vaccination Program  
Vaccination programs in a cowherd need to be custom designed for the particular need(s) of the herd.  
Vaccination programs in the replacement stock have two specific goals that need to be met.  The first is to protect 
the calf against any pathogens that are prevalent in the calves.  The second is to prepare the calf for entry into the 
adult herd with a good foundation of protection from which to build herd immunity.  Although antigens  
contained in herd vaccination programs may vary, for most dairy herds the minimum vaccination program should 
be built around the four major viral diseases (Type 1 and 2 BVDV, BHV-1, PI3 and BRSV), the five primary 
Leptospira serovars of cattle and may include the major Clostridial agents and Brucella. Core endotoxin vaccines 
against coliform mastitis has shown significant positive economic impacts.13 This should be the cornerstone of the 
program; other pathogens are then optional and are added depending on herd or area problems.  At least modified 
live viral vaccine, containing the viral agents listed above, should be included for replacement animals to establish 
a strong baseline immunity against BVDV and BHV-14.15,15,17,18 
  
Maternal Antibody Interference Revisited 
The belief that maternal antibodies block vaccination is based on the lack of post vaccination titer increases in 
calves.  However, recent studies have shown the formation of B cell memory responses19,20,21.  Sero-positive 
calves vaccinated at a young age with modified live BHV-1, PI3 and.or BRSV have shown higher antibody 
responses on revaccination than control calves vaccinated only at the second date.  These young vaccinates 
typically do not show increased antibody responses after the first vaccination in the prescence of high maternal 
antibody.  Cell mediated immune responses, as indicated by antigen specific T cell blastogenesis, has been 
demonstrated in the face of high maternal antibody22 when attenuated BRSV and BHV-1 vaccines were used.  
Similar responses have been reported in laboratory animals.23,24,25  One cattle study also demonstrated higher 
levels of protection when challenged if calves were vaccinated with a modified live BRSV.20  A more recent study 
demonstrated that modified live BVDV vaccines may be blocked if the existing maternal antibody is high (greater 
than 1:32-64)26.  It is clear from these studies that maternal antibody interference of vaccines is not as absolute as 
once thought.  The immune status of the animal, the specific antigen and presentation of that antigen should be 
considered when trying to design vaccination programs when maternal antibody may be present.   
 
Impact of Stress 
Stress impacts the immune system of all cattle.  There are several factors that can affect the immune system.  The 
birthing process has a dramatic impact on the newborn’s immune system due to corticosteroid release.  
Furthermore the newborn has an increased number of Suppressor T cells.2  These factors, plus others, 
dramatically decrease systemic immune responses for the first week of life.27  Other stresses should be avoided at 
vaccination time to maintain immune system integrity.  Procedures such as castrations, dehorning, weaning and 
movement need to be considered as stresses in cattle and all have the potential to temporarily decrease immune 
system function.28,29,30 
Systemic vaccinations during high stress times should be avoided due to these decreased responses and may even 
have undesired effects (adverse reactions and increased severity of disease). 
 
Booster Importance 
It is important to follow the label directions for administering vaccines.  Inactivated vaccines and most modified 
live BRSV vaccines require a booster before protection is complete.  The first time an inactivated vaccine is 
administered, the primary response occurs.  This is fairly short-lived, not very strong and is predominantly 
comprised of Immunolglobulin M.  The response seen after a booster vaccination is called the secondary response 
or anamnestic response.  This is much stronger, of longer duration and is primarily comprised of Immunoglobulin 



G.2,12   If the booster is given too early, the anamnestic response doesn't occur; and if too much time elapses 
before the booster is given, it acts as an initial dose not as a booster.  With most modified live vaccines (with the 
exception of most BRSV vaccines), the primary vaccination also stimulates the secondary response without 
needing a booster since the virus or bacteria is replicating in the animal.   
 
Adverse Reactions 
Adverse reactions are a potential risk with any vaccination.  These reactions fall into three primary 
types:2,4,12,.31.32.33,34,35.36 

1.   IgE and the release of granules from basophils and mast cells mediate immediate hypersensitivity.  This 
reaction is seen within minutes of vaccination and often begins with shaking or sweating.  The majority of 
these animals will respond to epinephrine. 

 
2.  Delayed hypersensitivity is mediated by an antibody-antigen complex attaching to  complement and the 

ensuing activation of the complement cascade.   The resultant reaction may occur locally or systemically.  
The reaction may be delayed as the complexes form and the cascade begins and subsequent by products 
begin to exert their effects.  The signs are similar to immediate hypersensitivity and the treatment is 
epinephrine. 

 
3.  One of the more common reactions seen in dairy cattle has been associated with the endotoxin and other 

bacterial components found in most gram negative vaccines.  Currently, there are no requirements for 
monitoring or reporting the amount of endotoxin found in cattle vaccines and the level of endotoxin may 
vary dramatically between vaccines and serials of the same vaccine.  Furthermore, the potency of 
endotoxin varies among different gram negative bacteria.  This is seen primarily in Holsteins due to some 
genetic predisposition and can be seen following administration of any gram-negative bacterin.  The signs 
seen vary depending on the farm’s or individual’s sensitivity to gram negative bacterial components.  The 
number or severity of the gram negatives fractions in the vaccination program administered 
simultaneously are also instrumental in causing these reactions. As a general rule, no more than two gram 
negative vaccines should be administered on the same day to dairy cattle.  These adverse reactions 
include: 

a. anorexia and transient decreases in milk production 
b. early embryonic deaths 
c. abortions 
d. gram negative bacterial (endotoxic) shock, requiring fluxinin or keprofen, steroids, 
antihistamines and fluids 

 
The Future 
New research is forcing veterinarians to review long established vaccination programs.  Areas of active research 
include; 
 1.  perinatal programming and the potential effects of vaccination on growth during this critical time 
 2. prime-boost programs that use different vaccines for heterologous boostering and enhanced protection 
 3. Impact of vaccines on intakes, particularly in stressed cattle. 
 2. Potential interference of immune responses to vaccines when they are co-administered.    
 
Summary 
Designing a vaccination program involves a good history of the individual farm as well as a basic understanding 
of the immune system. The vaccines chosen should have good solid efficacy studies (as well as effectiveness and 
efficiency studies if possible) to ensure that the product can fulfill the needs of the farm or ranch.  Management 
decisions may be made that do not maximize the potential of the product chosen and realistic expectations of all 
products should be well explained to the producer before they are used.  The owner should be involved in the 
vaccine decision making process and all of the information on the product should be shared.   



The establishment of good baseline immunity in the replacement heifers and the foundation vaccination program 
in the cows can have dramatic effects on the health and profitability of the herd and needs to be well planned. 
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Common cattle disease for which USDA  licensed vaccines are available37 
System Pathogen class Infectious Agent 
Intestinal (diarrhea) Virus Rotavirus 
 Virus Coronavirus 
 Virus Bovine Viral Diarrhea virus 
 Bacteria Clostridum perfringens 
 Bacteria  E.coli 

 Bacteria Mycobacterium avium subspecies 
paratuberculosis (Johne’s 
disease) 

 Bacteria Salmonella various species 
Respiratory Virus Bovine Herpesvirus-1 
 Virus Bovine Respiratory Syncytial 

virus 
 Virus Bovine Viral Diarrhea virus type 

1 and 2 
 Virus Parainfluenza-3 
 Bacteria Mycoplasma bovis 
 Bacteria Mannheimia hemolyica 



 Bacteria Pasteurella multocida 
 Bacteria Hemophilus somnus 
Reproductive Diseases Bacterial Brucella abortus 
 Bacterial Campylobacter foetus subspecies 

venerealis (vibrio) 
 Bacteria Leptospira borgpetersenii serovar 

Hardjo  
 Bacteria Leptospira interrogans serovar 

Hardjo Leptospira 
 Protozoa Tritrichomonas foetus 
Miscellaneous diseases Virus Rabies 
 Virus viral warts (papillomas). 
 Bacteria Salmonella dublin 
 Bacteria Moraxella bovis (pinkeye) 
 Bacteria Bacillus anthracis (anthrax) 
 Bacteria Clostridum hemolyticum 
 Bacteria Clostridum chauvoei 
 Bacteria Clostridum septicum 
 Bacteria Clostridum novyi 
 Bacteria Clostridum sordellii 
 Bacteria Clostridum tetani 
 Bacteria  Moraxella bovis (pinkeye) 
 Bacteria Leptospira kirschneri serovar 

Grippotyphosa) 
 Bacteria Staphylococcus aureus 
 Bacteria Streptococcus uberis. 
 Bacteria L interrogans serovar 

 Pomona, ,  
 Bacteria L interrogans serovar Canicola 
 Bacteria L interrogans serovar 

Icterohemorrhagiae 
 Bacteria Core endotoxin vaccines  

(Salmonella or E.coli based) 
.  
 
 
 
 


