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CHAPTER 103

Antibiotic Treatment
of Diarrhea in Preweaned Calves

JOACHIM F. BERCHTOLD and PETER D. CONSTABLE

PRELIMINARY REMARKS

A consensus statement of the American College of Veteri-
nary Internal Medicine recently provided recommenda-
tions for the prudent use of antimicrobials in veterinary
medicine.! Briefly, the statement recommends that vet-
erinarians should use and prescribe antimicrobial drugs
conservatively to minimize the potential adverse effects
on animal or human health. Furthermore, veterinarians
should develop formal infection control plans, identify
common case scenarios (e.g., diarrhea, respiratory disease)
in which antimicrobial drugs are often employed, develop
antimicrobial use protocols for their practice, and catego-
rize all antibiotics in primary, secondary, and tertiary use
categories, besides appropriate diagnostic and sensitivity
measures. Monitoring and surveillance for trends in the
prevalence of resistant bacteria within a practice, a farm,
aregion, or a nation permits continual evaluation of anti-
microbial drug use on various levels.

CLINICAL IMPORTANCE

Antimicrobial agents have been used for treating calves with
diarrhea for more than 50 years. Diarrhea in preweaned
calves is by far the leading cause of mortality in dairy heifer
calves with no change in mortality rates between 1995 and
2001 in the United States.2 Despite the widespread avail-
ability of vaccines against enterotoxigenic Escherichia coli,
rotavirus, and coronavirus, as well as continued emphasis
on optimizing colostral transfer of passive immunity, the
oral and parenteral administration of antimicrobial agents
continues to play an important role in the treatment of
calf diarrhea.?’ Evidence-based recommendations for the
administration of antimicrobial agents in diarrheic calves
were recently developed based on a systematic review of
randomized controlled studies published in peer-reviewed
journals.8? This chapter is based on those recommendations
and the results of recent studies on the use of antimicrobi-
als in calves with diarrhea during the first few weeks in life
(preweaning period). For a complete historic background
and reference list of antimicrobial use in the treatment of
calf diarrhea, the reader is referred to these reviews.8?

ETIOLOGY OF CALF DIARRHEA

Neonatal calf diarrhea is usually due to infection by at
least one enteropathogen (enterotoxigenic E. coli, rota-
virus, coronavirus, cryptosporidia, Salmonella spp.). In
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many herds several agents are usually present and can be
detected in neonatal calves with and without diarrhea. If
calf diarrhea occurs in an outbreak situation with high
morbidity, Salmonella bacteria may be involved. Regardless
of the etiology, calves with diarrhea often have increased
coliform bacterial numbers in the small intestine and this
colonization is associated with altered small intestinal
function, morphologic damage, and increased susceptibil-
ity to bacteremia.? The importance of bacterial overgrowth
in calf diarrhea recently gained attention when the role
of D-lactic acid in the development of acidemia in calves
with diarrhea was identified. Production of D-lactic acid
results from bacterial fermentation in the gastrointestinal
tract and is a common finding in neonatal calves with and
without diarrhea.19-12 D-lactic acid is a major component
of acidemia in diarrheic calves!3-15> and is accompanied by
systemic signs of weakness and ataxia.l®

BACTERMIA IN CALVES WITH DIARRHEA

Calves with diarrhea are more likely to have failure of
transfer or partial failure of transfer of passive immunity,
and these calves are more likely to have bacteremia. Bac-
teremia, predominantly with E. coli, is present in approxi-
mately 20% to 30% of calves with diarrhea or systemic
illness.!”1° The frequency of bacteremia is considered
sufficiently high that treatment of calves with diarrhea
that are severely ill (as manifest by reduced suckle reflex,
>6% dehydration, weakness, inability to stand, or clini-
cal depression) should include routine treatment against
bacteremia, with emphasis on treating potential E. coli
bacteremia. A clinical sepsis score to predict bacteremia
is not recommended to guide antibiotic treatment deci-
sions until further validation of the score in different calf-
rearing scenarios.?’ Bacteremia should be suspected to be
present in all calves with clinical signs of Salmonella diar-
rhea, although the prevalence of bacteremia in affected
calves has not been determined.?!

ANTIMICROBIAL SUSCEPTIBILITY
TESTING

Bacterial enteropathogens (enterotoxigenic E. coli and
Salmonella spp.) are most commonly isolated from fecal
samples or from specimens obtained during necropsy of a
dead calf. Submission of appropriate specimens for bacte-
rial culture, identification of pathogens, and susceptibility
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testing by standardized methods has been widely recom-
mended to allow an evidence-based approach for drug
selection and justify antibiotic use.! Laboratory methods
and standardized breakpoints need to be established for
several bacteria-drug combinations.!

Several fecal isolates—E. coli, Clostridium perfringens
type A, and Campylobacter spp.—are normal intestinal
flora. Therefore diagnostic laboratories should clearly
indicate normal bacterial growth in fecal culture samples,
if the cultured bacteria cannot be distinguished from nor-
mal flora by identification of species, specific virulence
factors or correlated markers, or clear demonstration of
overgrowth.! When enterotoxigenic E. coli or Salmonella is
isolated, susceptibility testing may provide a useful guide
for treatment decisions and antimicrobial drug selection.

The most important determinant of antimicrobial effi-
cacy in calf diarrhea is obtaining an effective antimicro-
bial concentration against bacteria at the sites of infection
(small intestine and blood).? The results of fecal antimi-
crobial susceptibility testing in calf diarrhea probably have
clinical relevance only when applied to fecal isolates of
enterotoxigenic strains of E. coli or pathogenic Salmonella
spp., and possibly blood culture isolates from calves with
bacteremia. Current susceptibility testing methods have
not been validated for predicting treatment outcome in
calves with diarrhea.’

The ability of fecal bacterial culture and antimicrobial
susceptibility testing using the Kirby Bauer technique to
guide treatment in calf diarrhea is questionable when
applied to fecal E. coli isolates that have not been iden-
tified as enterotoxigenic pathogenic strains. No reports
have demonstrated a correlation between in vitro anti-
microbial susceptibility of fecal E. coli and Salmonella spp.
isolates and clinical response to antimicrobial treatment.
Susceptibility results obtained from dead calves should
be interpreted carefully because isolates obtained from
dead calves are likely to be obtained from treatment fail-
ures, and calves that died from diarrhea are likely to have
bacterial overgrowth in the intestines and many organs
not representing the in vivo situation. Another concern
with fecal susceptibility testing is that the Kirby Bauer
break points (minimum inhibitory concentration [MIC])
are not based on typical antimicrobial concentrations in
the small intestine and blood of calves. The practitioner
should therefore evaluate the antimicrobial efficacy based
on clinical response to antibiotic treatment.?

The Kirby Bauer technique for antimicrobial susceptibil-
ity test has theoretically more clinical relevance for predict-
ing the clinical response to antimicrobial treatment when
applied to blood isolates than fecal isolates. This is because
the Kirby Bauer break points (minimum inhibitory con-
centration [MIC]) are based on achievable antimicrobial
concentrations in human plasma and MICy, (MIC for 90%
of the isolates) values for human E. coli isolates, which pro-
vide a reasonable approximation to achievable MIC values
in calf plasma and MICy values for bovine E. coli isolates.’

SUCCESS OF ANTIMICROBIAL THERAPY

Important considerations for treating calf diarrhea are (1)
administering an antibiotic as directed on the label when-
ever possible, (2) using an antimicrobial agent with an

appropriate spectrum of activity, (3) selecting an antimi-
crobial agent that attains and maintains an effective ther-
apeutic concentration at the site of infection, (4) treating
for an appropriate duration, and (5) avoiding adverse
local or systemic effects and violative residues.” Impor-
tant critical measures of success of antimicrobial therapy
in calf diarrhea are (in decreasing order of importance)
(1) mortality rate, (2) growth rate in survivors, (3) severity
of diarrhea in survivors, and (4) duration of diarrhea in
survivors.

Success of antimicrobial therapy varies with the route
of administration and whether the antimicrobial is dis-
solved in milk, oral electrolyte solutions, or water. Oral
antimicrobials administered as a bolus, a tablet, or in a
gelatin capsule may be swallowed into the rumen and
exhibit a different serum concentration-time profile to
antimicrobials dissolved in milk replacers that are suckled
by the calf or administered as an oral drench at the back
of the pharynx. Antimicrobials that bypass the rumen are
not thought to alter rumen microflora, potentially permit-
ting bacterial recolonization of the small intestine from
the rumen. The normal intestinal flora is always exposed
to varying amounts of antimicrobial drugs regardless of
the type of administration.! Historic studies reported that
some orally administered antibiotics (e.g., potassium and
procaine penicillin, neomycin sulfate, ampicillin trihy-
drate, tetracycline hydrochloride) may increase the inci-
dence of diarrhea, produce malabsorption, and reduce
growth rate.’

EVIDENCED-BASED RECOMMENDATIONS
FOR ANTIMICROBIAL ADMINISTRATION
IN CALF DIARRHEA

Oxytetracycline and sulfachlorpyridazine administered
parenterally and amoxicillin, chlortetracycline, neomy-
cin, oxytetracycline, streptomycin, sulfachlorpyridazine,
sulfamethazine, and tetracycline administered orally
have been labeled by the U.S. Food and Drug Adminis-
tration (FDA) for the treatment and aid in the control
of bacterial enteritis (scours, colibacillosis) caused by
E. coli bacteria susceptible to the antimicrobial.? Four of the
eight antibiotics (oral administration of chlortetracycline,
oxytetracycline, tetracycline, and neomycin) approved
for treatment of calf diarrhea are labeled by the FDA for
the control or aid in the control of bacterial enteritis
(scours, colibacillosis) caused by E. coli and Salmonella
spp. bacteria susceptible to the antimicrobial.8

Studies supporting the efficacy of parenteral oxytetra-
cycline and sulfachlorpyridazine, and of oral amoxicillin,
chlortetracycline, neomycin, oxytetracycline, streptomy-
cin, sulfachlorpyridazine, sulfamethazine, and tetracy-
cline in treating calves with naturally acquired diarrhea
do not appear to have been published in peer-reviewed
journals.? Oral amoxicillin was effective in the treatment
of experimentally induced diarrhea??23 but was not effi-
cacious in the treatment of naturally acquired diarrhea in
beef calves.?* In view of the apparent lack of published
studies documenting clinical efficacy of antimicrobials
with a label claim for the treatment of naturally occur-
ring calf diarrhea, and because the health of the animal is
threatened and suffering or death may result from failure



522 CHAPTER 103 Antibiotic Treatment of Diarrhea in Preweaned Calves

to treat systemically ill calves, extra-label antimicrobial
use (excluding prohibited antimicrobials) is justified for
the treatment of calf diarrhea.?

Antimicrobials for the treatment of calf diarrhea should
have local (small intestine) and systemic efficacy because
the predominant sites of infection in calf diarrhea are
the small intestine and blood.? The antimicrobial must
reach therapeutic concentrations at the site of infection
for a long enough period and, ideally, have only a narrow
gram-negative spectrum of activity in order to minimize
effects on normal intestinal flora.

The results of several studies indicate that oral and
parenteral administration of broad-spectrum p-lactam
and fluoroquinolone antimicrobials is efficacious in
treating naturally acquired and experimentally induced
diarrhea. It must be highlighted that administration of
fluoroquinolone antimicrobials in a extralabel manner
is illegal in the United States.* Parenteral administration
of trimethoprim/sulfadiazine and ceftiofur (high extra-
label dose) has proven efficacy in treating experimentally
induced infections with Salmonella enterica serotype Dub-
lin and serotype Typhimurium, respectively.21,25 Orally
administered apramycin has proven efficacy in treating
naturally acquired diarrhea but is poorly absorbed after
oral administration (oral bioavailability <15%) and has
relatively high MIC values against Salmonella spp. and
E. coli MICyq >3 pg/ml) in the calf.26 Based on these
issues, treatment recommendations focus on the use of
broad-spectrum f-lactam antimicrobials such as amoxicil-
lin, ampicillin, ceftiofur, and potentiated sulfonamides
(trimethoprim/sulfadiazine).

Administration of Oral Antimicrobials
to Treat E. Coli Overgrowth of the Small
Intestine

In neonatal calves with diarrhea and mild systemic illness
(defined as depressed suckling but normal rectal tempera-
ture, hydration status, and heart rate), the veterinarian
should continue to monitor the calf’s health or orally
administer amoxicillin trihydrate (10 mg/kg, ql12h) or
amoxicillin trihydrate-clavulanate potassium (12.5 mg
combined drug/kg, ql2h) for at least 3 days; the lat-
ter constitutes extralabel drug use. Oral amoxicillin tri-
hydrate (10 mg/kg, q12h for 4 days) was efficacious in
decreasing mortality rate and duration of diarrhea in two
studies where diarrhea was experimentally induced with
enterotoxigenic E. coli bacteria.?>23 The absorption rate of
amoxicillin trihydrate from the calf small intestine is 30%
when administered in milk.2” High amoxicillin concentra-
tions are present in the bile and intestinal contents, with
lower antimicrobial concentrations in serum.?! Feeding
of amoxicillin with milk does not change the bioavail-
ability of amoxicillin, although amoxicillin is absorbed
faster when dissolved in an oral electrolyte solution

*Extralabel administration of fluoroquinolones in food-produc-
ing animals in the United States is prohibited by law because
of concerns regarding assisting the emergence of bacteria with
multiple antimicrobial resistance, particularly pathogenic enteric
bacteria in humans.

than in milk replacer.?® Amoxicillin absorption is slowed
during endotoxemia, presumably because of a decrease in
abomasal emptying rate.?® Amoxicillin trihydrate is pre-
ferred to ampicillin trihydrate for oral administration in
calves because it is labeled for the treatment of calf diar-
rhea in the United States and is absorbed to a much greater
extent.2”2830 However, a field study comparing equal
amounts (400 mg, q12h) of oral amoxicillin and ampicil-
lin for the treatment of diarrhea reported similar propor-
tions of calves with a good to excellent clinical response.3!
The addition of clavulanate potassium to amoxicillin tri-
hydrate is recommended because clavulanate potassium
is a potent irreversible inhibitor of p-lactamase, increasing
the antimicrobial spectrum of activity.

Oral administration of potentiated sulfonamides is not
recommended for treating calf diarrhea because of the
lack of efficacy studies. Oral administration of gentami-
cin is not recommended because antimicrobials adminis-
tered to calves with diarrhea should have both local and
systemic effects, and orally administered gentamicin is
poorly absorbed. No other orally administered antimicro-
bial currently available in the United States is likely to be
effective in treating neonatal calves with diarrhea.’

Fluoroquinolones clearly have proven efficacy in treat-
ing calf diarrhea, and a label indication exists in Europe
for oral and parenteral enrofloxacin, oral marbofloxacin,
and parenteral danofloxacin for the treatment of calf
diarrhea. In those countries where their administration
is permitted to treat calf diarrhea, oral fluoroquinolones
are recommended because of their high oral bioavailabil-
ity. However, it must be emphasized that extralabel use
of the fluoroquinolone class of antimicrobials in food-
producing animals in the United States is illegal and obvi-
ously not recommended.

Experts currently believe that salmonellosis is more
of a systemic infection than local (intestinal) infection.
Accordingly, parenteral administration is preferred when
treating calves with salmonellosis.

It is possible that the widespread use of antibiotics in
milk replacer in the United States may lead to a decreased
incidence of D-lactic acidosis in calves with diarrhea,
when compared with calves in Germany and Canada.
Both Germany and Canada have a milk quota system that
promotes feeding whole milk instead of milk replacer to
calves. Because D-lactic acidosis in calves results from bac-
terial fermentation of milk in the gastrointestinal tract,10
feeding milk-replacer that contains antibiotics could
decrease the generation of D-lactic acid in calf intestine,
assuming that the antibiotic promotes growth of non-D-
lactate—producing bacteria.

Administration of Parenteral Antimicrobials
to Treat E. Coli Bacteremia and Salmonellosis

In calves with diarrhea and moderate to severe systemic
illness, the predictive accuracy of clinical and labora-
tory tests for detecting bacteremia are too low assuming
reasonable estimates for the prevalence of bacteremia
(20%-30%) in the field.!8-20 Bacteremia constitutes a sig-
nificant cause of mortality and threat to the life of the
calf. Therefore the authors recommend that clinicians
routinely assume 20% to 30% of ill calves with diarrhea
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are bacteremic. Parenteral antimicrobial treatment is
required for these calves.

Administration of ceftiofur (2.2 mg/kg [1 mg/1b], SC/IM,
q12h) for at least 3 days is the most logical parenteral treat-
ment for E. coli bacteremia.’ Treatment of experimental
salmonellosis with high extralabel dose of ceftiofur
(5 mg/kg, IM, q24h) for 5 days was recommended to main-
tain antimicrobial concentrations above the MICq (1 pg/
ml) for the Salmonella enterica serovar Typhimurium chal-
lenge strain.?! Because other Salmonella serotypes present
on a farm may have much higher MICy, values, determi-
nation of MIC values is recommended before the start of
treatment.?! Ceftiofur constitutes an extralabel drug use
for the treatment of E. coli bacteremia and salmonellosis,
and ceftiofur should not be administered to calves to be
processed as veal.

The second recommended treatment for E. coli bacte-
remia is parenteral amoxicillin trihydrate or ampicillin
trihydrate (10 mg/kg, IM, q12h) for at least 3 days.? Both
drugs are theoretically inferior to ceftiofur because par-
enterally administered ampicillin and amoxicillin reach
lower plasma concentrations and require a higher MIC
than ceftiofur, and they are not p-lactamase resistant.
Even though the rate and extent of absorption is reduced
with subcutaneous (SC) injection, relative to IM injection
of amoxicillin and ampicillin,3? SC administration is pre-
ferred in order to minimize potentially more painful IM
injections, especially when repeated doses are adminis-
tered. The most crucial issue in sick calves with diarrhea
is maintaining or restoring a good suckle reflex for suc-
cessful and adequate intake of milk and oral electrolyte
solutions. Calves suffering from pain from whatever rea-
son probably have a weak or absent suckle response as
compared with calves without pain.

A third recommended treatment for the treatment of
E. coli bacteremia is parenteral potentiated sulfonamides
(20 mg/kg sulfadiazine with 5 mg/kg trimethoprim; IV or
IM depending on the formulation characteristics, q24h
for 5 days). Efficacy of potentiated sulfonamides has only
been proven when treatment commenced before clinical
signs of diarrhea were present.?> Therefore it is unknown
whether potentiated sulfonamides are efficacious when
administered to calves with diarrhea and depression,
although potentiated sulfonamides are likely efficacious
in the treatment of salmonellosis.

Oral administration of potentiated sulfonamides is not
recommended for the treatment of bacteremia because
of poor oral bioavailability. Oxytetracycline and chlor-
tetracycline may have some efficacy for treating E. coli
bacterial overgrowth of the small intestine but are not
recommended for the treatment of bacteremia.® Oral bio-
availability of tetracycline antimicrobials is significantly
decreased because they are bound to calcium. Oxytetra-
cycline must be administered at 20 mg/kg, q12h, PO to
achieve minimal serum concentrations to treat E. coli bac-
teremia (MICs, = 4 pg/ml).33

Parenteral administration of gentamicin and other ami-
noglycosides (amikacin, kanamycin) cannot be currently
recommended as part of the treatment for calf diarrhea
in the United States because of prolonged slaughter with-
drawal times (15-18 months); potential for nephrotoxic-
ity in dehydrated animals; and availability of ceftiofur,

amoxicillin, and ampicillin. However, in two studies
from Europe parenteral administration of gentamicin was
equally effective as danofloxacin or fourth-generation
cephalosporin cefquinome for the treatment of diar-
rhea or calves with clinical signs of septicemia.!?34 Both
studies were conducted in the field and did not include a
negative control group.

In Europe a label indication exists for parenteral flu-
oroquinolones for the treatment of E. coli diarrhea and
salmonellosis in calves. In those countries where admin-
istration is permitted to treat calves with E. coli diarrhea
and salmonellosis, parenteral fluoroquinolones are only
recommended when specific evidence from culture and
susceptibility results suggest that these drugs are neces-
sary and efficacious. For these reasons, it is preferable that
parenteral fluoroquinolone administration be reserved
for critically ill calves such as those also requiring intra-
venous fluid administration. However, it must be empha-
sized that extralabel use of the fluoroquinolone class of
antimicrobials in food-producing animals is illegal in the
United States.

In calves with diarrhea but no evidence of systemic ill-
ness (i.e., normal appetite for milk or milk replacer, no
fever), we recommend that the clinician monitor the
health of the calf and not administer parenteral antimi-
crobials. A recent study from Sweden concluded that most
calves with uncomplicated diarrhea (i.e., the absence of
concurrent infections such as pneumonia or omphalo-
phlebitis) do not benefit from antibiotic treatment.*

Long-Term Administration of Oral
Antibiotics for Prevention and Therapy
of Calf Diarrhea

Antimicrobials in milk replacer are intended to prevent
or treat bacterial scours and decrease the incidence of
other common calf diseases during the neonatal period.
Dairy heifer calves were fed with milk replacer contain-
ing antibiotics on 56% of herds in 2001 in the United
States.6 Local surveys reported between 45% (Michigan,
Minnesota, New York, Wisconsin)? and 70% (Pennsyl-
vania)® of dairy herds are using medicated milk replacer.
Oxytetracycline in combination with neomycin followed
by oxytetracycline alone are the most common medica-
tions.6 Several studies reported inconsistent results of
the effects of antibiotics containing milk replacer on the
incidence of diarrhea (scours). The incidence of diarrhea
was not influenced when antibiotics in milk replacer
were compared with oligosaccharides or bovine plasma
as nonantibiotic alternative treatments.3537 A more
extensive recent study found that the onset and overall
morbidity of important diseases in calves during their
first weeks of life (diarrhea, respiratory disease, navel
infection) were significantly lower in calves receiving
antibiotics neomycin sulphate (22 mg/kg/day) and tet-
racycline HCI (22 mg/kg/day) in milk replacer than in
control calves without in-feed antibiotics.3® This study
did not exclusively consider diarrhea as the primary out-
come, but the findings are valuable because they reflect
the pattern of diseases in newborn calves in a special-
ized calf-rearing facility with high disease incidence in a
stressful environment.
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It should be recognized that in one report the use
of antibiotics in milk replacer was associated with a
decreased risk of infection with C. parvum in prewean-
ing dairy calves,3® even though cryptosporidia are not
directly susceptible to antibiotics. Another study reported
that lack of routine feeding of medicated milk replacer
(name of antibiotics not presented) increased the odds for
isolation of Salmonella bacteria from calves.40

ANCILLARY TREATMENTS FOR CALF
DIARRHEA

Oral and Intravenous Fluids

Administration of oral and parenteral fluids to calves
with diarrhea is essential for adequate rehydration and
restoration of circulating blood volume, correction of
acidemia, electrolyte abnormalities, energy deficits, and
mental depression to restore the suckle reflex and assist
repair of the damaged intestinal surface. Oral administra-
tion of electrolyte-containing solutions may cover epi-
sodes of diarrhea with minimal or moderate dehydration
and good suckle reflex. Calves that are unable to suckle,
recumbent, severely depressed, or comatose need intra-
venous fluids for effective resuscitation. (See Chapter 104
for further discussion of fluid therapy.)

Nonsteroidal Antiinflammatory Drugs

Flunixin meglumine is probably the most widely anti-
inflammatory treatment of diarrheic calves. The admin-
istration of a single dose of flunixin meglumine (2.2
mg/kg [1 mg/lb] IM) as an adjunct treatment for natu-
rally occurring diarrhea resulted in fewer morbid-days
and antimicrobial treatments only when calves had fecal
blood in their feces.*! In calves with experimentally
induced enterotoxigenic E. coli infection, flunixin meglu-
mine (2.2 mg/kg [1 mg/1b] q8h IM) reduced fecal output
perhaps by acting as an antisecretory agent.*? Flunixin
meglumine (2.2 mg/kg [1 mg/Ib] q12h) is indicated in
severely sick calves with presumed endotoxemia when
hydration status is adequate to prevent nephrotoxicity. A
rule of thumb is to administer flunixin meglumine once
at a dose 2.2 mg/kg (1 mg/lb) and not to exceed three
doses of flunixin meglumine for the treatment of diar-
rhea and respiratory disease to avoid potential damage
of the intestinal mucosa of the abomasum, especially
in intensive calf-rearing facilities with a history of case
fatalities from perforated abomasal ulcers. An important
effect of flunixin meglumine administration is the clini-
cal impression that calves show a better suckle behavior
after therapy. This impression is supported by a recent
statement that “the use of flunixin meglumine is valuable
in improving the well-being of the calves.”38

Motility Modifiers and Intestinal Protectants

Administration of intestinal protectants (e.g., kaolin-
pectin, activated attapulgite) or motility modifiers (e.g.,
hyoscine N-butylbromide, atropine) is not recommended
despite their widespread use. No data on efficacy are
available, and a recent study showed that nonantibiotic

treatments including bismuth, kaolin-pectin, activated
attapulgite, and activated charcoal for calf diarrhea resulted
in prolonged duration of treatment and increased risk for
morbidity and mortality compared with oral antibiotics
in milk replacer (neomycin sulfate and tetracycline HCI)
and parenteral administration of ceftiofur hydrochloride
(2.2 mg/kg, 3-5 days).38

Probiotics

Administration of probiotics to diarrheic calves is done in
some dairy herds. A recent study under field conditions
showed that prophylactic administration of the probiotic
bacteria E. coli strain Nissle 1917 for the first 10 or 12 days
of life to calves with unknown status of passive transfer
was associated with a significant decrease in the number of
calves developing diarrhea.*? In calves with spontaneous
diarrhea, Lactobacillus rhamnosus GG administration for
therapy of diarrhea was not associated with lower mortal-
ity or a decrease of scours in a clinical setting.** Another
recent study in neonatal foals documented that adminis-
tration of a different Lactobacillus strain for the preven-
tion of diarrhea was associated with the development of
diarrhea and further clinical abnormalities requiring vet-
erinary intervention.*> Based on these reports, adminis-
tration of E. coli strain Nissle 1917 may be of value for the
prevention of diarrhea in calves.

Oligosaccharides

Oligosaccharides in milk replacer are minimally absorbed
in the small intestine and are thought to decrease bind-
ing of bacterial pathogens to enterocytes. Studies in calves
reported that prophylactic addition of oligosaccharides
to milk replacer resulted in fecal scores (scours) in calves
that were similar to those observed when calves were fed
milk replacer containing antibiotics.3%3046 It must be
noted that in these studies data on morbidity and mortal-
ity were either low or remained undetermined.4¢ Likely
observed scours resulted primarily from nutritional origin
rather than from infectious origins.3¢

Vitamins

Administration of B vitamins and fat-soluble vitamins
may have beneficial effects in colostrum-deprived calves
and in calves with chronic diarrhea. However, data sup-
porting the beneficial effects of vitamins in calf diarrhea
are lacking.
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