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In this study, 149 lightweight feeder steers were randomly divided into three groups.  All steers were 
administered appropriate viral vaccines upon arrival and 10 days following arrival.  Each steer in Group 1 was 
administered a cross-protective Re mutant Salmonella typhimurium bacterin-toxoid while each steer in Group 2 
was vaccinated with an autogenous gram-negative bacterin combination.  The steers in Group 3 were not 
vaccinated.  The difference in the number of sick steers pulled from Group 1 was significantly less than the 
number pulled from Group 3.  The difference in the number of sick steers pulled from Group 2 was not 
significantly different from Group 3.  The significant reduction in the number of ill steers exhibiting clinical signs 
of respiratory disease in Group 1 compared to the number of sick pulls in Group 3 suggests that the cross-
protective Re mutant S. typhimurium bacterin-toxoid is cross-protective against Pasteurella-induced 
endotoxemia. 
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Introduction 
 
 Feedlot calves suffering from the consequences of gram-negative endotoxic pneumonia have historically 
been treated with antimicrobials, electrolytes, and other support modes of therapy and or prophylactically 
vaccinated with gram-negative vaccines.  Results of such rational therapies are often frustrating because they 
do not neutralize the precise problem.1 The control of Pasteurella sp. pneumonias via prophylactic 
administration of a live Pasteurella vaccine2 or bacterin3 often results in less than satisfactory results.  Recent 
studies have confirmed that endotoxins from various sources such as Pasteurella sp. and Hemophilus sp. can 
deliver the death blow to young calves and pigs, respectively, suffering from respiratory disease.4-7 Gram-
negative endotoxins are the common components of gram-negative bacterial cell walls that are released during 
rapid growth and upon bacterial cell death.  The common denominator of all gram-negative bacteria is the core 
lipopolysaccharide cell wall structure (endotoxin) or core-antigen. 
 Historically, homologous antibodies produced in response to gram-negative bacterins made from 
organisms with complete “O” side chains have been effective in blocking specific endotoxins.  These 
homologous vaccines, however, have not provided cross-protective antibodies because they have contained 
antibodies that were effective against only one serotype and it would have required the combination of many 
homologous bacterins to make a cross-protective vaccine that would have provided broad-spectrum protection 
against various endotoxins.  The reality that there can be more than one gram-negative organism involved in a 
given illness and, therefore, more than one source of endotoxin can be involved in any given clinical illness, 
along with the fact there are various serotypes of gram-negative organisms in the environment, contribute to 
the essential need for development of cross-protective immune strategies.  The search for cross-protective 
immune strategies that could be used to actively immunize or passively immunize individuals against 
endotoxemia has been the object of several investigative groups. 
 The recent development of a mutant bacterin has resulted in two cross-protective anti-endotoxin 
vaccines (Endovac-Bovi® and Endovac-Equi®: IMMVAC, Inc., Columbia, MO.), and an antiserum 
(Endoserum®; IMMVAC, Inc., Columbia, MO.) being made available to veterinarians for the first time.8-10 
Removal of the “O” side chains (which provide the many gram-negative bacteria for their individual 
characteristics [serotype]), was accomplished through mutation, thus, exposing the core antigen of the cell wall 
so that it could be presented to the immune system.  Such naked core antigens common to most gram-negative 
organisms when injected as bacterins stimulate the host’s immune system to produce antibodies against many 
gram-negative endotoxins.  Classification of the “O” side chains to describe the relative absence of 
oligosaccharides is accomplished by assigning the letters Ra through Re with Re designating complete removal.  
The S. typhimurium used in the study reported here is an Re mutant (“O” side chains completely removed) 
while the J-5 mutant of Escherichia coli, also cited in this report, is an Rc mutant (“O” side chains partially 
removed). 8,10,11 



 Vaccine containing such mutant bacterins used to hyperimmunize donor animals produces serum 
containing high levels of cross-protective anti-endotoxin antibodies.  These same antibodies in antiserum from 
hyperimmunized donors passively immunize the recipient against many gram-negative endotoxins. 
 Successful cross-protective anti-endotoxin passive immunity has been demonstrated in calves8 and 
horses10 in experiments reported recently.  These studies have confirmed that calves passively immunized with 
plasma derived from hyperimmunized donors vaccinated with mutant gram-negative bacterins were protected 
from endotoxin challenges.8,11 Equids passively immunized with anti-core-antigen antibody antiserum and 
challenged under experimental conditions with a specific dose of heterologous endotoxin were also protected.9 
Furthermore, the commercially available antiserum (Endoserum) has been successfully used as an 
immunotherapeutic agent to treat and/or prevent endotoxemia in foals and horses for more than 2 years. 
 Recent studies have confirmed that P. hemolytica4 and P. multocida9 endotoxins produce severe 
respiratory signs.  These studies also demonstrated that P. hemolytica endotoxin caused release of arachidonic 
acid from pulmonary artery endothelial cells,5 development of lung lesions,1 and development of severe clinical 
signs4,8 in calves.  Results of these studies strongly suggest that Pasteurella sp. endotoxins may result in serious 
respiratory disease and death in calves. 
 The purpose of this study was to test the effectiveness of vaccinating lightweight Holstein feeder steers 
with an Re mutant S. typhimurium bacterin-toxoid upon arrival and 10 days after arrival on the morbidity, 
mortality, and treatment costs due to respiratory disease during the first 30 days in a feedyard. 
 
Materials and Methods 
 
 The study was initiated by randomly dividing 149 lightweight feeder steers into three groups consisting 
of 50, 50, and 49 head, respectively.  Each of these 149 calves was identified with an individual ear tag and 
randomly assigned to one of the three groups concomitantly placed in the same pen in a feedyard with a recent 
history of pasteurellosis.  Each steer in Group 1 was administered 2 ml of the Re mutant S. typhimurium 
bacterin-toxoid IM upon arrival and 10 days following arrival; each steer in Group 2 was vaccinated with an 
autogenous combination vaccine containing autogenous P. hemolytica, P. multocida, and Hemophilus somnus 
bacterins (autogenous vaccine consisting of aluminum hydroxide precipitated P. hemolytica, P. multocida, and 
H. somnus bacterins) upon arrival and 10 days following arrival; and each of the steers in Group 3 were not 
vaccinated with any gram-negative vaccine.  All 149 steers were injected with a vaccine consisting of killed BVD 
virus combined with modified live IBR, Pl3, and BRSV viruses (Horizon™ I + VAC 3™: Haver/Diamond Scientific, 
Shawnee, Kansas) and another 7-way clostridial bacterin-toxoid (Site-guard® MLG: Cooper’s Animal Health, 
Inc., A Pitman-Moore Co., Mundelein, Illinois) upon arrival and 10 days following arrival. 
 The reason cattle introduced into this feedyard were studied was because P. multocida organisms were 
consistently cultured from lung lesions at necropsy as well as from swabs taken from the nasal cavities of 
contemporarily ill calves from adjacent pens, previous occupants of adjacent pens, and immediately previous 
occupants of the same pen.  Neither Salmonella, E. coli, or gram-negative organisms other than Pasteurella spp. 
were cultured from these cattle. 
 The number of ill calves removed (sick pulls) from the pen on the basis of exhibiting respiratory clinical 
signs was compared between the groups using Fisher’s exact test in chi-square analysis of the data.  The 
treatment costs were calculated on a per head basis for each group. 
 
Results 
 
 There were 5, 8, and 15 head pulled from Groups 1, 2, and 3, respectively, because they exhibited 
clinical signs of respiratory disease.  The difference in the number of steers pulled from the Re mutant S. 
typhimurium bacterin-toxoid vaccinated group (5, 10% in Group 1) was significantly (P < 0.025) less than the 
number pulled from the non-vaccinated group (15, 30% in Group 3).  The difference in the number of sick 
steers pulled from the group that received the autogenous combination vaccine (8, 16% in Group 2) was not 
significantly (P > 0.05) different from Group 3 nor significantly (P > 0.05) different from Group 1.  The per head 
cost of medicine for treating the sick pulls was $1.80, $2.42 and $5.05 for Groups 1, 2, and 3, respectively.  
Results are summarized in Table 1. 
 
Discussion 
 



 The significant reduction in the number of sick pulls in Group 1 suggests that the mutant S. 
typhimurium bacterin-toxoid vaccine was cross-protective against gram-negative respiratory endotoxemia.  
Although rate of fain and feed efficiency were not compared in the three groups, one would suspect the rate of 
gain and feed efficiency of the group with the lowest number of sick pulls would have had the highest rate of 
gain and best feed efficiency due to less overall stress.  The $3.25 difference in cost of medicine between Group 
3 and Group 1 would have paid for the vaccine.  Although the rate of gain was not calculated in any of the 
three groups, one would suspect that the group with fewer sick pulls would have gained more weight and 
exhibited a higher rate of gain than the others. 
 Additional studies on larger numbers of cattle measuring the same parameters as those quantitated in 
this study along with rate of gain, feed efficiency, and labor costs for treatment are indicated and will be the 
object of future studies. 
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TABLE 1 
Feedlot Field Studya 

 Endovac-Bovi™ Vaccine (Group 1) Autogenous Vaccine (Group 2) No Vaccine (Group 3) 
    
Total steers 50 50 49 
Steers pulled 5 8 15 
Steers repulledb 1 3 3 
Dead 0 0 1 
 1 c   
Treatment days 26 34 71 
   (66) d 
Treatment days/pull 5.2 4.25 4.4 
   (4.4) d 
Treatment costs/head $1.80 $2.42 $5.05 
   ($4.76) d 
a Study sponsored by IMMVAC, Inc., Columbia, MO. 
b Repulled = pulled out 1 or more times after the initial pull. 
c One animal died at 1 month and 2 days. 
d For respiratory disease only. 
 
 


