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Boylne mastltls: A recently completed survey documented that mastitis is the single 
most common disease syndrome in adult dairy cows, accounting for 38% of all morbidity 
(2). On an annual basis 3 of every 10 dairy cows will have clinically apparent 
inflammation of the mammary gland. Seven per cent of affected cattle will be culled and 
1 % will die as a consequence of the disease. The same survey presented data 
suggesting that in excess of 25% of all disease related economic los ses can be directly 
attributed to mastitis. 

Mastitis may result following the introduction of microorganisms through the teat 
sphincter, either as a result of the daily mi/king routine or occurring during the treatment 
of a clinical case of mastitis (Table 4). The clinical course will vary with the ability of 
bacteria to colonize and thrive in the mammary gland, their inherent virulence, and the 
host response. The inflammation of the mammary gland that follows will present with a 
wide variety of clinical signs. However, common pathogenic mechanisms may permit the 
development of systematic treatment, control, and preventative measures. In general 
mastitis can be subdivided into two broad and overlapping categories on the basis of the 
source of the infectious inoculum. 

I. Major causes of eontaglous mastltls In the bovlne 

1. Streptococcus agalactia 
2. Streptococcus dysgalactia 
3. Staphylococcus aureus 
4. Staphylococci- coagulase negative 
5. Mycoplasma bovis 

II. Major causes of bovlne mastltls assoelated wHh the farm envlronment 

1. Escherichia coli 
2. Klebsiella pneumoniae 
3. Enterobacter aerogenes 
4. Streptococcus faecalis 
5. Streptococcus faecium 
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AntibiotiC resldues: Antibiotic therapy for bovine mastitis is not without its risks for 
economic loss to the dairy industry. Antibiotic contamination of dairy and meat produets 
poses a potential health risk to a small percentage of the human population. Residue 
avoidance in foods eliminates this health risk and the economic Iosses of produet not 
reaching the consumer. Antibiotic contamination of the milk supply is of additional 
concern to creameries. Residues are capable of inhibiting the growth and aetivity of 
baeterial cultures used in the processing of many dairy produets. Mastitis therapy should 
be administered in accordance with label instruetions and the latest policies and 
recommendations of state and federal governing bodies. Every consideration concerning 
dosage and withholding periods for milk and meat of treated animals or neonates 
consurning milk or colostrum containing antibiotics must be followed. Rationai 
administration of antibiotics is further complicated by limited numbers of agents approved 
for use in the laetating dairy cattle. When careful and considered appraisal of a clinical 
situation suggests extra-Iabel (non-approved host species, dose, or route of 
administration) use of antibiotics, the veterinarian assumes direet responsibility for safety 
of the prescribed treatment and potential contamination of the human food chain. Such 
extra-Iabel antibiotic usage presumes a current and aetive praetitioner-client relationship, 
a knowledge of pharmacokinetics and drug clearance, adequate patient identification, and 
permanent treatment records. An important source of information concerning antibiotic 
residues is the: Food Animal Drug Residue Data Bank (FARAD:916-752-7507). 

Baslc mastltls controi program: Remember, there is no effeetive method of ''treating'' 
your way out of problems created by the numerous organisms associated with bovine 
mastitis (Table 1). Mastitis controi on the dairy is first designed around sound 
management techniques (Table 2, Table 3). Every producer, veterinarian, and those 
associated with allied industries that serve the dairy industry should be aware of the 
importance of good milking hygiene and proper milking machine funetion, as weil as the 
other time-proven techniques mentioned in the tables. The purpose of this paper is not 
to go through all of these details again. However, there is absolutely no substitute for 
good management on the dairy produetion unit. Remember, poor management can 
overcome good immunology at any time in the produetion scheme. 

The role of vaccin" In the deterrence and moderation of clinlcal mastitis: The 
concept of immunization (vaccination) to substitute for lapses in proper management is 
absolutely the wrong path to journey for any length of time. Vaccines cannot prevent the 
bacteria from c%nizing the end of the teat where they remain poised for entry into the 
mammary g/and. The vaccine can aid in aborting the new infection earlier in the disease 
proCess. One obstacle encountered when employing "vaccinating for mastitis", is that 
those involved will tend to place too much confidence in the vaccine preparation and will 
negleet the important use of hygienic milking and proper milking-machine use and care. 
The purpose of vaccines for the producer is one of a "supplemental role" to other 
effeetive nutritional and management praetices. In both experimental as weil as herd-wide 
immunization trials on dairy produetion units, workers have prepared various kinds of 
baeterins, toxoids, or mixed baeterins-toxoids. These have included organisms and their 
toxins or other cell ular or extracellular components. Organisms included have been those 
isolated from the affeeted herd in question (autogenous vaccines), or were multivalent 
vaccines which included more than one organism. 
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Regardless of the type of immunogen, dose, and schedule, there is a wide variation in 
animal response to the antigen. It see ms that there is a strong likelihood that each herd 
will contain three categories of animals: 1) "non-responders" to the vaccine, 2) animals 
that respond "moderateiy" , and 3) the animals that will be classed as "high 
responders"(Table 5). Some factors involved in this varied response include: 

1) Age: The neonatal bovine does not respond to vaccine antigens as weil as the adult. 

2) Stage of lactation: Those subjects in early lactation «45 days) may not respond as 
weil as later in lactation. 

3) Typa of antigen: Humoral immunity to bacterial antigens is does not last as it does 
against viral antigens 

4) Identifying the important region of the mastitis pathogen: If the vaccine produces an 
immune response to an unimportant portion of the pathogen, it will not result in 
helping the subject fight the infection. 

5) Heavily parasitized or malnourished animals may be immunosuppressed (i.e. 
inadequate protein, micronutrients, Vit. E/Selenium in the ration) 

The literature contains both reported $uccesses and failures for various vaccines; 
therefore, a few comments seem appropriate. The successes must be accompanied with 
more than ''testimonial'' data. Sound experimental methodologies and statistical 
evaluations must be appropriately applied and evaluated in the efficacy studies (4). 

vaccin, fallur,,: The first scenario is quite simple when one encounters an 
"Unsatlsfactory vaccin,". In this case, either the wrong strain of the organism was used 
to produce the immunogen or the vaccine is considered inadequate because of an 
inappropriate dose or mixture of antigen in the preparation. 

The second scenario considers apparent vaccine failures with a "Satlsfactory vaccin,". 
In this case, the situation breaks down into two pathways. 

A. Satlsfactory administration of the Immunogen: When an apparent failure occurs in 
this system, the decision tree has two categories: 

1. The animal is already incubating the disease and the immunogen is thus administered 
too late into the disease process 

2. The subject fails to mount an immune response. This may be the result of the 
following: 

a. Biological/Genetic variation of the host species 
b. The host is immunosuppressed due to stress, viral infections, poor nutrition, etc. 
c. Prior passive immunization that results in interference with the immune response 
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The category of "stress" may include pregnancy, extremes of heat and cold, sorting into 
groups, fatigue and malnourishment. Any one, or a combination of these categories may 
reduce the magnitude of the normal immune response by the host, perhaps be cause of 
an increased production of corticosteroids. 

B. Unsatlsfactory administration of the Immunogen: This breaks down to either an 
inadequate dose of the vaccine or perhaps death of a reportedly "live" antigen 
preparation. 

Collform mastItIs: What's new In the area of vaccines? 

J5 E. colllmmunlzatlons reduce the Incldence of cllnlcal collform mastltls: Following 
initial observations that cattle with low naturally occurring serum titers recognizing the JS 
E.coli experienced a S-fold increase in the risk of clinical coliform mastitis (S), researchers 
at UC Davis and the VMTRC at Tulare, CA. conducted a series of experiments 
investigating the efficacy of R-mutant bacterins in reducing the incidence of coliform 
mastitis. These studies confirmed that immunization with JS E.coli reduced the incidence 
of clinical coliform mastitis. 

Study 1 (Safety Testing the J5 E. coli Antigen Preparation): Traditional gram-negative 
vaccine preparations have been plagued by problems of adverse reactions in the host 
species; thus, earning the distrust of many veterinarians and producers. The objective 
of this series of investigations was to determine the safety of an alternative Escherichia 
coli immunogen, E. coli (strain JS), in food animal species. 

The Umulus Lysate test (LAL) was employed to: 1) determine endotoxin levels at various 
growth stages of the antigen preparation, 2) evaluate a procedure directed towards 
reducing the amount of endotoxin present in the antigen preparation of many different 
gram negative bacteria, and 3) determine the amount of endotoxin present in the final 
vaccine preparation. This assay demonstrated that the JS strain of E. coli produced 
significantly lower amounts endotoxin on a CFU/ml basis than Salmonella dublin. We 
were able to determine that the strategy of implementing multiple washing procedures will 
significantly reduce the amount of endotoxin present in the antigen preparation. 
Therefore, when multiple washes of the vaccinal antigen were employed, the amount of 
tree endotoxin activity present in the UCD immunogen remained below a total dose of 30 
n~nograms. 

In contrast, commercial gram-negative immunogens contain > 1 00 ~g to milligram 
quantities of tree endotoxin as measured by the LAL. This presents a potential problem 
when employing multiple vaccines that contain gram-negative antigens. If these 
preparations contain microgram to milligram amounts of tree endotoxin, the total dose of 
tree endotoxin may be enough to create a situation for "mediator shock" to occur. 

This JS E. coli antigen preparation did not produce adverse reactions in bovine or porcine 
neonates, adults, or study subjects in advanced stages of pregnancy. Over 1.7 million 
doses of immunogens containing the JS antigen have been either administered or 
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purchased ta "this date. This antigen presents a low risk efficacious tool for animal 
agriculture in an arena that has been troubled with reports of adverse reactions in the 
host. 

Study 2: UCD J5 Vaeeine Field Trial: The field trial was implemented in two commercial 
California dairies (1). The treatment group, 246 cows, received three doses of a whole 
cell bacterin of J5 E. coli plus Freund's incomplete adjuvant (two in the dry period and 
one after calving) while 240 unvaccinated cows served as controis. A total of 35 cases 
of clinical coliform mastitis were diagnosed, six in J5 immunized cows and 29 in the 
unvaccinated group. Four controi cows were culled, three of them because of chronie 
coliform mastitis, and one because of post-coliform mastitis agalactia. The incidence rate 
of clinical gram-negative mastitis was 2.57% in J5 vaccinated cows and 12.77% in the 
unvaccinated controi cows. The results of this field trial indicate that the administration 
of the J5 E. coli antigen preparation is protective against natural challenge to gram­
negative bacteria, and reduces the incidence of clinical gram-negative mastitis in dairy 
cows during the first three months of lactation14

• 

Study 3: VMTRC J5 Vaeeine Field Trial: This study employed a different immunization 
schedule than the UCD study described above. The protocol implemented a placebo 
vaeeine and subeutaneous injection ofthe J5 E. coli immunogen: Flrst Injection: between 
182-195 days gestation, Second Injectlon: 210-223 days gestation, and Third Injectlon: 
administered between 238-251 days of gestation. Four hundred and forty-one Holstein 
dairy cows on one dairy in the San Joaquin Valley of central California were randomly 
assigned to treatment (n = 212) and placebo (n = 229) groups. Milk samples from the 
quarters observed with clinical mastitis were collected aseptically for microbiological 
examination before treatment and for 4 consecutive days following the initiation of the 
clinical event. Clinical cases were considered positive for coliform mastitis if two of the 
five samples were positive for coliform organisms. The results were as follows: !l§ 
Immunlzed group = 7 cases of cllnlcal coliform mastitis; Placebo group = 25 casas 
of cllnlcal coliform mastitis. Once again, there was a statistically superior performance 
of the J5 immunized group over the controi subjects. 

Study 4: UCD Commerclal J5 Vaeeine Field Trial: A proprietary version of the UCD J5 
E. coli research vaccine has been produced by Poultry Health Laboratory (Davis, CA.). 
Their "J5-TC" immunogen is available for sale to veterinarians only in California with 
current label claims directed at reducing the incidence of clinical coliform mastitis in dairy 
cattle. It is currently a three dose regiment, usually administered at drying off, again 30 
days later, and the last dose at calving. Our preliminary results indicate excellent safety 
(i.e. no abortions, adverse reactions, etc.) with this immunogen. The treatment group (424 
animals) has statistically fewer cases than the placebo group (421 animals). The 
incidence of clinical coliform mastitis is 65%% less in the J5-TC group. 

It is my opinion that this series of investigations has demonstrated that this antigen 
preparation is a sate and efficacious immunogen. This immunogen is not a miracle 
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potion. Coliform mastitis can occur in immunized animals and this immunogen will not 
reduce the rate of Strep. or Staph. mastitis. However, the administration of an E. coli J5 
vaccine is protective against natural challenges of the bovine mammary gland by gram­
negative bacteria and significantly reduces the incidence of clinical coliform mastitis. The 
subsequent reduction in clinical cases directly translates into reduced utilization of 
antibiotics in therapeutic regimens and this in tum, converts into a decreased risk for 
antibiotic residues in dairy products. 

Clinical disease is the end-product of pathogen, environmental and host factors. 
Environmental contamination, meteorologic stressors and impaired host defenses may 
all tip the balance between health and disease. Traditional definitions of health and 
disease may not be adequately descriptive in livestock species, where the unstated goal 
is optimal productivity, rather than clinical normalcy. Three basic requirements exist for 
cross-reactive immunity to gram-negative disease: 1) the existence of common or shared 
structure, 2) the ability of this shared antigen to induce an immune response, and 3) this 
immune response must confer protection. From a practical viewpoint, the development 
of vaccinal reagents for all possible pathogens and opportunists cannot be considered 
a reasonable or productive strategy. The use of R-mutant bacteria as vaccinal antigens 
holds the greatest promise in the disease syndromes lacking a single, distinct etiologic 
agent or alternatively , as an adjunct to specific antimicrobial therapy. 

Staphylococcus mastitis: What's new in the area of vaccines? 

Bovine mastitis caused by Staphylococcus aureus continues to be responsible for major 
economic Iosses to the dairy industry. Autogenous bacterins have been employed 
extensively over the years in a relatively unsuccessful battle against Staph mastitis. 
However, scientists have gone back to the basics and re-evaluated methods to identify 
the important portions of the mastitis pathogen that establishes its ability to cause disease 
or escape the immune response3

•
7

• It is now known that many Staph. aureus isolates 
from mammary gland secretions express a capsular material that is an important virulence 
factor. Encapsulation of the bacteria becomes abasic defense mechanism by inhibiting 
the complement-mediated response for phagocytosis by block in g the C3b molecule 
attachment to the bacteria. 

A paper was presented at the International Symposium on Bovine Mastitis (Indianapolis, 
IN) that described a field trial investigating a new type of antigen preparation6

• The 
vaccine contains a Staph. aureus antigen which was grown under circumstances 
designed to simulate conditions encountered in the live animal, staphylococcal toxoids, 
and an adjuvant. The immunogen was used in 5 commercial dairies in Australia. The 
study subjects were given intramuscular injections of either the test antigen or the placebo 
at 8 and 4 weeks before parturition. The authors reported: 1) clihical mastitis caused by 
Staph. aureus was reduced by 45-52% in those subjects receiving the test antigen, 2) 
numbers of subclinical mastitis cases were reduced by 18%, and 3) new subclinical 
infections with Staph. aureus were reduced by 25% in vaccinates. It appears that this 
antigen preparation is being tested in the United States and the efforts to bring this to the 
dairy industry are continuing at this time. 
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·Similar new approaches are being employed at research institutions in the United States. 
For example, Dr. Norcross (Cornell University) has been conducting numerous 
investigations in this area for the past 10 years. Heightened resistance to bovine mastitis 
caused by Staph. aureus has been achieved in recent experiments. 

It appears that all of the efforts of past research endeavors are beginning to come to 
fruition for the dairy industry. Significant advances are being made in new vaeeine 
preparations for both coliform and staphylococcus mastitis. Additional research and 
testing will be required for commercialization; however, the re-examination of old vaeeine 
technologies and subsequent improvements will bring economic benefit to the dairy 
industry in the near Mure. These products, as weil as others, will serve as useful tools 
in the overall management scheme of the commercial dairy. 

• All too otten, cattle receive the vaeeine when it is convenient to the management 
scheme rather than according to the schedule that may most benefit the cow's immune 
system. Remember that the reported mastitis vaccine successes must be accompanied 
with more than testimonial data. Sound experimental methodologies and statistical 
evaluations must be appropriately applied and evaluated in the efficacy studies.10-

13 

Three fundamental issues are essentiai when attempting to grant cross-reactive immunity 
to gram-negative disease: (1) the existence of common or shared structure between 
various gram-negative pathogens, (2) tf')e ability of this shared antigen to induce the 
appropriate immune response, and (3) the ability of this immune response to confer 
protection. From a practical viewpoint, the development of immunogens for all possible 
pathogens and opportunists cannot be considered a reasonable or productive strategy. 
The use of R-mutant bacteria as immunogens holds great promise in the controi of 
disease syndromes that do not possess a single, well-defined etiologic agent or, 
alternatively, as an adjunct to specific antimicrobiai therapy·,8,9,12-17. Several products 
employing diverse applications of immunizing with "common core antigens" of gram­
negative bacteria are likely to appear in the marketplace in the near Mure. Currently, 
there are several -Iook-a-like- vaccines that use testimonial claims for efficacy against 
coliform mastitis. When statistical data sets are examined, however, the J5 E. coli vaeeine 
is the on ly one on the market with a mastitis claim that has over 3 years of continuous 
study in experimental and field trial conditions. 

THE ECONOMICS ASSOCIATED WITH USING THE JS E. COLI VACCINE 

An article by DeGraves and Fetrow13 describing the budget analysis of immunizing dairy 
cattle against coliform mastitis provides an excellent framework for deciding whether a 
mastitis vaeeine is an economically viable tool to employ on the dairy. The spreadsheet 
layout includes the following parameters: (a) herd inputs, (b) clinical manifestations of the 
mastitis entity involved, (c) intervention description (e.g., the ability of the vaccine to alter 
the clinical case rate), (d) disease costs, (e) intervention costs, (t) profit analysis, (g) 
investment summary and break even analysis, and (h) sensitivity analysis. 

The dairy industry is made up of a set of extremely diverse dairy farm management 
systems, and many factors are involved in the range of profitability for each of these 
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operations. Therefore, to determine the profltability of a vaccination program in a 
particular dairy, the herd inputs must be gathered and analyzed. The most important 
variable in the model is the incidence of mastitis caused by the target organism on the 
farm in question. It is imperative that accurate records of laboratory diagnostic results be 
available to aid in making this determination. Another critical point in the analys is is the 
estimated vaccinated-to-unvaccinated risk ratio for CQws with clinical mastitis caused by 
the target organism. The final decision for determining the relative risk of not using the 
vaccine in the herd is heavily dependent on the capability of the vaccine to favorably alter 
the clinical case rate of the mastitis problem in question. Veterinary clinicians and 
scientists, must be able to critically evaluate the efficacy of products and not just take at 
face value what they may hear. Where's the data? If the product does not contain a 
label claim for the mastitis etiology of interest, how can a client's profit or loss margin be 
accurately determined? The bottom line is how accurately can the clinician document the 
magnitude of the mastitis problem and the etiological agent responsible for this dilemma. 
With this information in hand, the clinician must next decide if the data presented truly 
supports the efficacy claim of the vaccine manufacturer. 

The advantage of having the scientific data to support the ability of the vaccine to reduce 
the clinical case rate of the mastitis pathogen of interest is shown by DeGraves and 
Fetrow.13 In parti al budget analysis supported the immunization of dairy cattle with the J5 
E. coli immunogen. Increased profits of $57 per cow lactation were predicted when 
appropriate information was used in their modal. This analysis indicated that herd 
immunization programs with this vaccine would be profltable when more than 1 % of cow 
lactations resulted in clinical coliform mastitis, and the program was predicted to be 
profitable at all herd milk production leveis. 

Dairy producers cannot manage mastitis problems with vaccines and antibiotics alone. 
Proper milking procedures and hygiene, clean bedding, and good nutrition are 
prerequisites to successful mastitis controI. Optimal milking machine function must be 
maintained on a daily basis, and herd health programs that reduce and focus the use of 
antibiotics should also be implemented. The true economic impact of using mastitis 
vaccines can be evaluated when each of these areas have been addressed. 

Acknowledgment: The mastitis research pertaining to the E. coli J5 vaccine was 
supported by the California Milk Advisory Board, the USDA Formula Fund, and the 
Uvestock Disease Research Laboratory (LDRL). 
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Table 1 (Bovlne milk Isolates): The wide variety of bacteria reported to be isolated from 
"mastitic cows" 

a.Staphylococcus spp. 
b. Streptococcus agalactia 
c. Streptococcus dysgalactia 
d. Streptococcus uberis 
e. Escherichia coli 
f. Mycoplasma spp. 
g. Pseudomonas aeruginosa 
h. Serratia marcesens 
i. PasteureIIa multocida 
j. Aerobacter aerogenes 
k. Spheropherous necrophorous 

I. Klebsiella pneumoniae 
m. Nocardia asteroides 
n. Actionmyces bovis 
o. Mycobacterium tuberculosis 
p. Streptococcus pyogenes 
q. Clostridium perfringens 
r. Coxiella burneti 
s. Brucellae 
t. Leptospirae 
u. Alcaligenes faecalis 

Fungi: Candida spp., Cryptococcus neoformans, Trichosporon 

Some viruses have been considered, but no specific virus isolated 

Table 2: Basle Mastltls Controi program 

1. Correct milking management and properly functioning milking machines 

2. Use an approved teat dip on all cows immediately after milking 

3. Implement "dry-cow treatment" as a standard herd health practice 

4. Medical management of all clinical cases of mastitis during lactation 

5. < If Streptococcus agalactia is in high prevalence, initiate therapy during lactation 

6. Segregate cows with Staphylococcal mammary gland infections away from the 
"normal" herd 

7. Cull cows with chronic mastitis 

8. Controi populations of environmental organisms 

9. Be certain replacement animals are "free" of detectable mammary gland infections 
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Table 3: Ways· of Reduclng New Mammary Gland .nfectlon Rates 

1. Good milking machine design and proper function 

2. Good milking management and hygiene practices 

3. Dip teats in sanitizer after milking and allow to dry (Reduces new infection rate by 
about 50% in most cases) 

4. To reduce coliform infections, dip teats before milking: be certain to wipe dry before 
milking the cow. Final concentration of 0.25 to 0.05% iodine if using iodophor dip. 

Table 4: Major causes of bovine mastltls acqulred durlng therapeutie Intervention 

Product or Water Contamination 

a. Pseudomonas aeruginosa 
b. Yeasts or Fungi 
c. Nocardia asteroides 

Poor sanitation: (Equipment, Drug inventory, etc.) 

a. Bacillus cereus 
b. Mycobacterium fortuitum 
c. Coliforms 
d. Prototheca 
e. Mycoplasma 

• Tables 5 and 6 introduce the consideration of vaccine safety as it relates to gram-negative 
immunogens. Although no pyrogenic thresholds have been established for catde, such limits 
have been established for pharmaceutical agents. This upper limit of endotoxin has been set 
at 5 Endotoxin Units (EU) per Kg of body weight. A 700 Kg dairy cow should receive no 
more than a total dose of 3,500 EU's if this limit was applied to vaccines. As you can 
c1early see, our common immunization protocols can surpass this limitation, and we do not 
know all of the adverse consequences that may result from exceeding this limit. This issue 
will be discussed further in the presentation. 
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Table S Endotoxin Production (EU/mI): [JS E, coli versus Salmonella dublin] 

SAMPLE SET J5 ESCHERICHlA COLI SALMONELLA DUBLlN 

BROTH 1,000 8,000 

WASH #1 200 16,000 

WASH #2 10 170 

WASH #3 5 100 

CELL PELLET 3 2,000 

I This table presents data that depict the substantiaI difference between the production 
. of free endotoxin by the J5 E. coli vaccine antigen and by a S. dublin vaccine antigen 

when both were grown under identical conditions (a 24-hour culture in trypticase soy 
broth). It also shows the dramatic reduction in detectable endotoxin levels after 
subsequent washings of the antigen preparations. Note that even after the multiple 
washings, the cell pellet of the S. dublin product still contained a substantiaI level of free 
endotoxin compared with that of the J5 E. coli vaccine. 
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Table 6 Comparison of Endotoxin Vnits (EV) in Some Commercially Available 
Vaeeines 

Product· Endotoxln Content (EU/mW 

UCD JS experimental immunogen 100 

JS-TC (E. coli core bacterin)b 100-1,825 

Immvae (Salmonella core antigenY 2,000-10,000 

Piliguard- E. coli-1 d 1,465,000 

Lepto-Se 52,500 

Somna Tech- (H. somnus bacterin)t 117,000 

Bovishield(IBR-PI-3-BVD-Vibrio-Lepto-S) & 143,000 

Scour Guard 3 (K)/Ch 38,800 

Salmo Shield T- (S. typhimurium bacterin)i 2,975 

S. dublin/typhimurium baeteJini 33,875 

TriVib-5L!l 155,000 

• The pyrogenie threshold for pharmaceutical compounds is 5 EU /kg body weight 
• Endotoxm levels determined via !AL methodology by Associates of Cape Cod, Ine., Woods Hole, MA. 
b The Upjohn Co., Kalamazoo, MI and Poultry Health Laboratory Associates, Davis, CA. 
c IMMVAC, Columbia, MO. 
d Sehering-Plough Animal Health, Kenilworth, NJ. 
e Fermenta Animal Health, Om aha, Neb. (Biocor) 
t Fermenta Animal Health, Omaha, Neb. (Biocor) 
I Norden Laboratories, Lincoln, Neb. (SKB) 
h SmithKline Beeeham Animal Health, Exton, P A. 
i Grand Laboratories, Larchwood, lA 
j Colorado Serum Co., Denver, CO. 
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