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Oral antibacterial therapy in 
pre- and postweaning calves 
W. L. Jenkins and L. G. Friedlander 

A variety of primary and secondary microbial infections are known to occur 
in young calves prior to weaning4 • This is especially true during the neonatal 
period29 • Specific and non-specific bacterial diseases are often precipitated 
by a complexity of predisposing causes, mainly of managemental and 
nutritional nature25 • However, primary viral infections are also frequently 
responsible for secondary bacterial invasion. The inadequate immuno
competence so often encountered in very young calves adds an extra 
dimension to the pathogenesis of many of the disease syndromes that com
monly occur at this age27 ,31. For convenience, the most prominent diseases 
in young calves may be divided into the bacterial septicaemias and the 
diarrhoea-respiratory disease syndromes. The septicaemic diseases usually 
occur soon after birth and may be caused by many genera of bacteria but the 
most common are Escherichia, Salmonella, Corynebacteria, Klebsiella, 
Proteus and Streptococcus. Bacterial and/or viral induced diarrhoea
respiratory disease syndromes are the most prevalent causes of pre weaning 
calf losses. Many different agents are involved in the pathogenesis of 
diarrhoeal disease in the calf. Bacterial causes include enteropathogenic 
Escherichia coli (colibacillosis), Salmonella typhimurium, Salmonella dublin 
and other Salmonella spp. (Salmonellosis), occasionally other genera and 
Chlamydia spp. Viral agents associated with pneumonenteritis include 
adenovirus, parvovirus, coronavirus, rotavirus, enterovirus, bovine virus 
diarrhoea and infectious bovine rhinotracheitis. 

During the postweaning period respiratory diseases are more common 
than gastrointestinal infections and usually result from stress-associated 
management and handling procedures that impair the immune competence 
of the calves. The bovine respiratory disease complex or shipping fever best 
exemplifies this particular problem 10. In these cases a primary viral infection 
(such as infectious bovine rhino tracheitis , parainfluenza type 3, adeno
viruses, rhinovirus or bovine viral diarrhoea) commonly produces a pablum 
favourable for secondary bacterial invasion (such as by Pasteurella 
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haem olytica , Pasteurella multocida, Corynebacterium pyogenes, Haemo
philus somnus, Myocoplasma spp. or Chlamydia Spp.)20. 

Several preventative and therapeutic approaches are usually instituted in 
order to control these destructive bacterial infections, that are capable of 
substantially limiting the productivity and economic viability of veal or 
feeder operations. Of great importance amongst these measures is the use of 
antibacterial agents which are administered either orally or parenterally for 
both prophylactic and therapeutic purposes28 • 

During the past 25 years this procedure has become a routine component 
of many intensive calf-rearing and feedlot enterprises throughout the world. 
Yet several questions remain unanswered regarding the ultimate benefit of 
what would seem to be a logical approach to restricting infectious disease 
losses in pre- and postweaning calves. It must also be noted that the employ
ment of antimicrobial agents for these purposes is distinct from their use as 
'feed additives' which are routinely included in rations at low levels to 
promote growth. Considerable controversy still exists with regard to the 
potential hazards associated with this latter practiceS, 33 but the issues are 
beyond the scope of this discussion except to note that several classes of anti
microbial agents are used for both purposes, though at substantially different 
dosage rates. 

An array of antimicrobial compounds have been used to combat bacterial 
infections in both pre- and postweaning calves. Those that may be admin
istered orally and which either are, or might be used in the future, include 
the following: (1) penicillins (ampicillin, amoxycillin), (2) cephalosporins 
and cephamycins (cephalexin, cefachlor, cephamycin C), (3) aminocyclitols 
(streptomycin, neomycin, framycetin, paromomycin, gentamicin, kana
mycin, apramycin, spectinomycin), (4) tetracyclines (oxytetracycline, 
chlortetracycline, tetracycline), (5) chloramphenicol, (6) macrolides 
(erythromycin, tylosin, carbomycin), (7) polypeptides (bacitracin, poly
myxin B, colistin), (8) sulfonamides (sulfamethazine, sulfabromomethazine, 
sulfadiazine, sulphathiazole, sulfadimethoxine, sulfaethoxypyridazine, 
sulfachloropyridazine and others), (9) potentiated sulfonamides (cot rim ox a
zole, cotrimazine), (10) nitrofurans (furazolidone, nifuraldezone), and (11) 
quinoxalines (carbadox) and quinolines (iodochlorhydroxyquin). 

Several of these antibacterial agents are primarily indicated to prevent or 
control gastrointestinal infections, whereas others are administered because 
of their systemic disposition. They are also used either alone or in com
binations of two or even three agents. 

In the United States between 40 and 50% of the total antibiotics sold 
(about 11.2 million kg in 1980) are given to animals either as feed additives 
or for medical reasons. As is well known, this whole scenario has enjoyed 
considerable scrutiny by regulatory agencies in many countries and great 
concern is expressed periodically about the indiscriminate use of antibiotics 
in the animal food sector by the veterinary profession. To date only a few 
substantiated reports of serious potential hazards have emerged 18,23 and the 
debate on the risk ratio: benefit ratio continues unabated. Perhaps it is only 
right that the issue remains controversial, since the currently available 
evidence remains somewhat equivocal. 
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There are obvious concerns about the misuse of antibacterial agents in 
calves and it behoves us as veterinary pharmacologists to pay attention to 
what is happening in the field so that we too can contribute to the resolution 
of this particularly difficult problem. Antibacterial therapy needs to be 
rational in order to be acceptable and defensible. Based on this tenet, there 
are a number of considerations that are of special concern when antimicro
bials are administered to calves for either prophylactic or therapeutic 
reasons. A few selected features will be briefly emphasized here, recognizing 
at the outset that there is a notable paucity of specific information. This is 
a deficiency which needs to be rectified as soon as possible, since recent public 
statements such as, 'The overuse of antibiotics, including their use in live
stock, is now a worldwide health problem', are becoming more and more 
frequent and need to be either validated or discredited. 

SELECTED PHARMACOTHERAPEUTIC FEATURES 

There are a number of factors which will determine in large measure the 
success or failure of the use of chemotherapeutic agents in calves to control 
or eliminate bacterial infections. A few of these will be briefly reviewed in 
order to emphasize some of the difficulties associated with this particular 
field of veterinary medicine. 

Clinical diagnosis 

An accurate clinical diagnosis is the basis of sound therapeutics. Fortunately, 
the septicaemic, enteric and pulmonary disease syndromes which occur in 
calves are fairly easily recognized clinically but great care should be taken 
always to clearly define the disease process. It is particularly important to 
establish the physiopathological changes and any secondary complications 
that occur. Septicaemia and endotoxaemia produce notable cardiovascular 
responses as well as inhibition of rumino-reticular motility in older calvesll . 

The diarrhoeal syndromes lead to dehydration, acid-base and electrolyte 
derangements and ultimately to cardiovascular collapse25 • Pneumonic con
ditions principally lead to hypoxaemic responses and acid-base disorders. 
In every instance, renal and/or hepatic involvement may also occur as a 
secondary complication. The disturbed biochemical profiles which are 
associated with these disease syndromes are quite well established4 • Clearly, 
many of these pathological components of the disease process are capable 
of modifying the disposition and elimination kinetics of the antibacterial 
agents that may be administered orally. This should always be borne in mind 
when examining sick calves and when deciding on an appropriate therapeutic 
regimen even though little specific information is available. 

Aetiological diagnosis 

A definitive bacteriological diagnosis, though the ideal, is not always attain
able, especially when E. coli is incriminated as the possible causative 
organism. Often the aetiological diagnosis remains presumptive even after 
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the isolation and identification of a potential pathogen has taken place. In 
addition, the possibility of a polymicrobial infection has to be considered in 
many cases. Antibacterial sensitivity tests are proving to be of greater clinical 
use, as many of the early difficulties experienced with these techniques have 
been overcome. The modal minimal inhibitory concentration values (MIC) 
for many members of specifically susceptible bacterial populations are now 
available 17 and can serve as the basis for antibiotic dosage schedules, 
recognizing that many physiological and pharmacological characteristics 
may have to be taken into account. Even minimal antibiotic concentration 
values (MAC) are becoming available for those agents that possess residual 
effects (on susceptible bacteria) at subminimal inhibitory concentrations. 

Selection of antibacterial agents 

Many factors govern the selection of the most appropriate antibacterial agent 
or agents to be used to control disease episodes. These considerations have 
been reviewed by Hjerpe and Routen 13, Burrows 7 , Amstutz2, Radostits26 and 
Tennant et a/Yo Only a few of special note will be covered here. 

An accurate clinical and bacteriological diagnosis together with a sensi
tivity test would be the ideal determinant of antibiotic selection, as was 
mentioned earlier. However, surprising differences between in vivo res
ponses and in vitro results may and do occur for a multitude of reasons. 

The virulence of the pathogen, together with the acuteness of the infection 
and the physiopathological changes that occur as a result of the disease pro
cess, will also influence the choice of antimicrobial agents. Their intrinsic 
modes of action and whether they produce bacteriostatic, bactericidal or 
bacteriolytic effects may also have direct bearing on a case. The latter effects 
often depend in large measure on the concentration of the drug at the site 
of infection. 

In addition, the disposition and fate of any orally administered anti
bacterial need to be taken into account. This area, until recently, had enjoyed 
little attention in cattle and the guidelines followed were often very arbitrary. 
However, recent contributions have at last provided some of the data 
necessary to place antibacterial therapy in pre- and postweaning calves on a 
much sounder basis9 • II, 35. 

Finally, the potential toxicities and side-effects associated with the array 
of antibacterial agents listed earlier and used in calves need to be taken into 
account, especially in relation to the disease process present. 

Selection of dosage schedules 

There are no single optimal dosage rates for any given antibacterial. There 
are simply too many variables such as age, host resistance, bacterial 
virulence, bacterial sensitivity, the site of infection and, especially, the 
disease process with the lesions that are present. The nutritional status and 
diet may also playa role. 
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The aspect which will be emphasized here is that of the influence of the 
pathological changes which occur on the kinetic fate of orally administered 
agents. The majority of proposed dosage schedules are invariably determined 
on pharmacokinetic data obtained from normal animals and, in the case of 
the antimicrobial agents, on known MIC values for various pathogenic 
micro-organisms. However, there is ever accruing evidence to suggest that 
disease processes and associated physiopathological responses may markedly 
alter the disposition and elimination kinetics of antibiotics and other anti
microbial agents, such as the sulfonamides. Examples include fever and 
endotoxaemia l!, enteritis and diarrhoea l , rumino-reticular atonyl!, pneu
monia34, and renal disease8 • Until further evidence is available, dosage 
regimens should be adjusted accordingly or plasma levels monitored in order 
to control the dosage schedule. 

It must be added that the bioavailability of a particular agent may also vary 
with the diet35 or with age, in the specific case of chloramphenicol9 • 

Special concerns 

There are a number of special considerations which should be borne in mind 
when antibacterial agents are administered orally - either alone or in com
bination with others. 

The combined use of antibiotics always produces the potential for inter
action between such agents and synergism, additive effects, antagonism or 
indifference may result. Once again, so many factors may playa role that 
only a few instances of interaction are clearly documented and general guide
lines are all that are available at this time17. 

Colonization and suprainfection by opportunistic pathogens are a major 
detriment to antibacterial therapy. The alteration of the host's endogenous 
flora by broad spectrum antibacterial agents, or combinations thereof, and 
the subsequent emergence of resistant pathogenic organisms, is a clinical 
phenomenon now being more frequently recognized. Antibiotic-induced 
enterocolitis in the human caused by Clostridium difficile best exemplifies 
this particular problem. How prevalent suprainfection is in treated diar
rhoeic calves remains obscure. 

Reinfection or clinical relapses may also occur if the instituted therapeutic 
regimen is inadequate. 

The final special consideration to be emphasized here concerns the very 
real problem of plasmid-mediated or transmissible antibiotic resistance3o • 
The potential hazards associated with the use of antimicrobial agents in 
calves at either therapeutic or at sub therapeutic levels in feed have enjoyed 
a great deal of attention in the past5 , 33 and continue to do so as more and 
more instances are reported where identical antibiotic resistance patterns are 
encountered in isolates from both calves and humans who have been in con
tact with the animals23 • Although the number of confirmed clinical cases is 
still fairly limited, the fact is that the issue remains one of concern. It is diffi
cult to theorize on a risk: benefit ratio at this time simply because insufficient 
definitive data is available. However, it is at least necessary that the 
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application of these antibacterial agents in veal and feeder calves be reason
able and rational to prevent the widespread dissemination of R-factor
bearing resistant strains of bacteria. 

Supportive therapy 

There is now ample evidence to suggest that the success or failure of treating 
specific or undifferentiated diarrhoeic syndromes in calves often depends 
only in small measure on the oral use of antibacterial agents l6 • 25. In fact, it 
is possible that oral antibiotic therapy may well be detrimental if oppor
tunistic pathogens emerge as a result of suprainfection. 

The physiopathological features of many of the enteric diseases of calves, 
and especially of acute coli bacillosis due to enterotoxin-producing strains of 
E. coli, have been established8• 25. Consequently, a rational therapeutic 
regimen has become possible with several innovative concepts added in recent 
years. It is beyond the scope of this presentation to review all of the aspects 
of the treatment of neonatal diarrhoea and several pharmacotherapeutic 
concepts will simply be outlined8• 15. 16: (1) fluid and electrolyte replacement, 
(2) antimicrobial therapy - as anti-infective or as anti-adhesive agents, (3) 
intestinal adsorbents and protectants, (4) antisecretory agents, (5) non
steroidal anti-inflammatory drugs, (6) modulators of intestinal motility such 
as anticholinergic agents and opiate derivatives, and (7) hyperalimentation 
and nutritional support. 

Supportive treatment for the bovine respiratory disease complex is less 
well-established, although bronchodilator agents and mucolytics have been 
employed at times. The correction of fluid, electrolyte and acid-base dis
turbances is important in these cases as is the treatment of the secondary 
rumino-reticular atony which frequently occurs. The use of corticosteroids 
is probably contraindicated since they appear to prolong the course of the 
disease and the incidence of relapses is often higher following corticosteroid 
administration. This issue, however, remains controversial. Once again it 
must be noted that the success rate of treating pneumonic calves with anti
bacterial agents, especially by the oral route, is not always great, and 
frequently this procedure simply prolongs the course of the disease with the 
ultimate mortality rate not being significantly different from that in 
untreated cases. 

Immune competence 

The success or failure of antibacterial therapy may depend in large measure 
on the efficiency of affected calves' defence mechanisms. This is particularly 
true for the bacteriostatic agents and for bactericidal agents present at sub
inhibitory concentrations. This is an often neglected consideration when sick 
calves are treated with antibacterial agents and may well explain in part the 
limited success often attained when managing enteric and/or pneumonic 
syndromes4. 25. 
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The increased susceptibility of neonatal calves to infectious agents is a well
recognized clinical phenomenon but the reasons for this vulnerability have 
not been fully elucidated. Hypogammaglobulinaemia has been incriminated 
as an important contributing factor. Newborn calves have very low levels of 
immunoglobulin and passive immunity is acquired by absorption of 
immunoglobulins from ingested colostrum6 . The most frequent cause of 
hypogammaglobulinaemia is failure of passive transfer of maternal immuno
globulins. 

Other differences in host defence factors of the calf, as compared to adult 
cattle, have been reported. The newborn calf does not possess the capacity 
to mount an active humoral immune response to all antigens that are 
responded to by older animals24 • Cellular immune functions may also be 
depressed in the calf as compared to the adult. Finally, the components of 
the complement system have been found to be low in the neonatal calf27 • 

A large number of psychological and somatic stressors are imposed on 
feeder calves from the time of separation from their dams until they are satis
factorily on feed in a lot. These stressors include weaning, castration, 
dehorning, vaccination, deworming, spraying, rigorous handling, use of 
persuaders, mixing of groups, overcrowding, transportation, exhaustion, 
lack of feed and water, unfamiliar feed, inadequate nutrition, parasitism, 
digestive disturbances, change of environment, exposure to inclement 
weather, temperature extremes and, finally, subclinical bacterial and viral 
infections. Preliminary evidence suggests that host defence factors and 
especially pulmonary protective mechanisms are jeopardized under these 
conditions. Thus, the development of infectious pneumonic syndromes in 
feeder calves should not be unexpected 10. 

There appear to be complex interactions between host defence mech
anisms, antibiotics and infective micro-organisms and this area is currently 
enjoying some attention. For example, tetracyclines readily penetrate 
macrophages and leukocytes and may inhibit chemotaxis3 • In addition, many 
antibacterial agents penetrate alveolar macrophages quite readily, with 
erythromycin and particularly clindamycin attaining remarkably high con
centrations within these cells when compared with extracellular antibiotic 
levels l4 • Enhanced activity of leukocytes against pretreated bacteria also has 
been recognized recentlyl9. 

Tissue residues 

Clearly, an inherent problem associated with the administration of anti
bacterial agents to calves is the possibility of residues in the meat. Current 
evidence seems to indicate that there have been few major human health 
problems to date l2 but the monitoring of meat for xenobiotic residues is 
required by regulating agencies throughout the world. If residues are found, 
serious economic sanctions may follow at great cost to the livestock pro
ducer. Fortunately, the application of pharmacokinetics to this problem is 
gradually making it possible to estimate and project drug withdrawal 
intervals in food-producing animals21 • In addition, withdrawal times and 
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limitations for use of certifiable antibacterials in food-producing animals are 
usually legally defined by Public Health regulatory authorities. 

Nevertheless, much additional quantitative information is still required in 
order to avoid the contamination of meat products intended for human 
consumption. Once again the presence of disease processes can substantially 
alter the normally accepted withdrawal times, as was demonstrated by 
Nouws and Ziv22 in nephrotic animals. 

CONCLUSIONS 

It is evident from this general review of selected features of oral antibacterial 
therapy in pre- and postweaning calves, that many pharmacological aspects 
still require considerable investigation. The issues are complex and have 
implications beyond the realm of veterinary medicine alone. It has become 
imperative to resolve these issues and to establish a rational basis for the oral 
treatment and control of bacterial infections in calves. 
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