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Introduction

Antimicrobials are among the most important 
advances in human and veterinary medicine. However, 
the use of virtually any antimicrobial that continue 
to grow leads to some potential for antimicrobial 
resistance, and concerns about the epidemic of 
resistance in human and animal pathogens, as well 
as the environment (Wernli et al., 2011). The impacts 
of antimicrobial resistance in dairy production are 
multiple, including treatment difficulties, the need 
for more expensive drugs or intensive treatments and 
negative public perceptions. It is well accepted that 
the main risk factor for this increase in resistance 
in pathogenic bacteria is the use of antimicrobials, 
prudent use, overuse and misuse all included (van den 
Bogaard and Stobberingh, 2000). This review aims to 
describe the current knowledge regarding appropriate 
antibiotic usage in calves with diarrhea and bovine 
respiratory disease and cows with mastitis. 

Antibiotic usage in calf diarrhea 

Calf diarrhea is the major cause of mortality and 
use of antimicrobial agents in calves <30 d of age 
on dairy farms (Constable, 2004). Regardless the 
cause of diarrhea, antibiotics have been historically 
recommended as part of the treatment (Constable, 
2004). However, on some dairy farms antimicrobial 
treatments rates in diarrheic calves approach to 100% 
(Gómez et al., 2017). This is of importance because 
30 to 90% of the antibiotics administered to cattle 
are excreted in feces and urine (Sura et al., 2014). 
This environmental contamination is of public health 
concern due to its impact on the development and 

spread of antimicrobial resistance bacteria (van den 
Bogaard and Stobberingh, 2000; Wernli et al., 2011). 
Therefore, practitioners working with cattle have the 
responsibility to use antibiotics appropriately and to 
provide oversight of antibiotic use by the farmers. 

Use of antimicrobials for prevention of diarrhea. 
Historically, dairy farmers have fed antibiotics in milk 
or milk replacer for prevention of diarrhea and reduce 
mortality in calves. However, this practice is now banned 
in many countries (Constable, 2003), and the value of 
feeding antibiotics to calves to prevent diarrhea has not 
proven to be effective in recent investigations. Early 
studies demonstrated some benefits (e.g. decreased the 
incidence and severity of diarrhea) of adding antibiotics 
(including ampicillin, chlortetracycline, furazolidone, 
neomycin, oxytetracycline, and streptomycin) to the 
milk or milk replacer at low concentrations (Constable, 
2003), but recent investigations have not replicated 
these results, instead have documented the opposite 
effect (Donovan et al., 2002; Higginbotham et al., 
2010). Furthermore, recent studies have documented 
that in some farms diarrhea rates actually increased 
when feeding antibiotics (Shull and Frederick, 1978). 
Based on the current knowledge the practice of 
feeding antibiotics in milk or milk replacer for diarrhea 
prevention should be discontinued. 

Use of antimicrobials for treatment of diarrhea. 
Antimicrobials have been historically recommended 
as part of the treatment of systemically ill calves 
(Constable, 2004; Walker et al., 2012). Reasons for this 
recommendation include prevention of bacteremia and 
reduction of number of coliform bacteria in the small 
intestine (Walker et al., 2012). Regarding bacteremia, 
two separately studies performed in the 90’s reported 
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that approximately 30% of diarrheic calves develop 
bacteremia (predominantly Escherichia coli; Fecteau et 
al., 1997; Loftstedt et al., 1999). Another hypothetical 
reason for antibiotic therapy in diarrheic calves is 
coliform overgrowth in the small intestine. Studies 
using culture-based (Issacson et al., 1978; Youanes and 
Herdt, 1987) and —more recently— next generation 
sequencing technology (Gómez et al., 2017) have 
identified increased relative abundance of E. coli in feces 
of diarrheic calves regardless of the age of the calf or 
the cause of the diarrhea. This increase in the abundance 
of coliform bacteria has been associated with altered 
function of the gastrointestinal tract, morphologic 
damage, and increased susceptibility to bacteremia 
(Reisinger, 1965). Therefore, it appears to be justified 
administering antibiotics to diarrheic calves to decrease 
or prevent coliform overgrowth in the small intestine of 
diarrheic calves. Furthermore, the use of antimicrobials 
could —theoretically— prevent the development of 
bacteremia and therefore calf morbidity and mortality 
(Constable, 2004). However, antimicrobials might not 
be beneficial in some cases of calf diarrhea (e.g. viral 
or parasitic infection) and might prolong the recovery 
time from diarrhea (Berge et al., 2009). Administration 
of antibiotics also can have a negative impact on gut 
microbial communities of healthy calves, predisposing 
them to dysbiosis (imbalance of gut microbial 
communities), and therefore to diarrhea (Gómez 
et al., 2017). An additional concern is that in some 
farms the use of antibiotics for treatment of diarrhea 
is more common than medically justified (Berge et al., 
2009). A recent study demonstrated that antimicrobial 
treatment rates of diarrheic calves approach to 100% 
(Gómez et al., 2017). The same study demonstrated 
that the implementation of a protocol for treatment of 
diarrhea targeting systemically ill calves (calves with 
fever and decreased demeanor) resulted in a reduction 
in antimicrobial treatment rates of approximately 80% 
(from 96 to 20%), with no identifiable negative impacts 
on clinical outcome (Gómez et al., 2017). This study 
demonstrated that targeting antimicrobial therapy 
to calves that are systemically affected is a feasible 
approach to reduce and refine the use of antibiotics 
in diarrheic calves, with possible beneficial effects on 
calf health (fewer days of diarrhea; Berge et al., 2009; 
Gómez et al., 2017).

Antibiotic usage in bovine respiratory disease

Bovine respiratory disease (BRD) is a major 
problem in dairy and beef herds. This disease is of 

multifactorial disease, and the most common post-
mortem diagnosis in calves between one to five months 
of age. Antibiotic administration is a mainstay in both 
the control and treatment of acute clinical disease. 
Therefore, the prudent use of antibiotics in animal 
health remains the most important element to ensure 
efficacy of treatment of BRD.

Evidence of the benefits of using antibiotics for 
BRD. A systematic review of the literature including 
studies investigating the treatment or control of BRD 
in randomized, blinded, negative control field trials 
revealed a median spontaneous recovery rate of 24% 
(across all studies) in untreated calves, whereas the 
recovery rate of those calves treated with an antibiotic 
was 71% (DeDonder and Apley, 2015). Thus, there 
was an increase of 47% recovery rate with the use of 
antimicrobials compared with a negative control. The 
median mortality rate in treated calves was 1%, while 
in negative controls was 17%. These results indicate 
that calves clinically affected with BRD benefit from 
antibiotic therapy.

Factors influencing the selection of antibiotics 
for treatment of BRD. Different factors including 
susceptibility of the bacteria causing pneumonia 
(geographic and herd-specific variation) and 
the probability of exceeding minimal inhibitory 
concentration (MIC) for pathogenic bacteria in the 
respiratory tract should be consider by practitioners 
when selecting antibiotics for treatment of BRD 
(Giguere et al., 2006). The probability of reaching 
adequate MIC is likely higher for florfenicol, ceftiofur, 
tilmicosin, tulathromycin, and fluoroquinolones, and 
not expected for β-lactamic antibiotics (e.g. penicillins, 
amoxicillin and ampicillin; Giguere et al., 2006). Other 
factors to be considered are cost-benefit ratio, the 
route, frequency and volume of administration, safety 
(tilmicosin can be fatal when injected to humans) and 
withdrawal times (Giguere et al., 2006). 

A recent meta-analysis compared the efficacy of 
antimicrobial treatments of BRD. This study included 
60 experiments of active drug to negative controls 
(no treatment) and 33 assessments of antibiotic-to-
antibiotic controls (Constable, 2004). Using different 
statistical approaches, this meta-analysis indicated 
that tulathromycin was the most efficacious treatment 
of BRD, and older antibiotics, such as the ceftiofur, 
trimethoprim and oxytetracycline were the least 
efficacious antibiotics for treatment of BRD. This 
study indicates that molecules recently introduced 
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into the marked (e.g. tulathromycin) could be more 
effective for the treatment of BRD than antibiotics 
of high importance in human medicine (e.g. ceftiofur 
and enrofloxacine), and therefore should be used as a 
first-line antibiotic therapy in cases of BRD.

Antibiotic usage in bovine mastitis

Use of antibiotics during lactation. Mastitis is the 
main reason for antimicrobial usage on dairy cattle 
(Royster and Wagner, 2015). Therefore, it is imperative 
that farmers and veterinarians follow best practices 
to use antimicrobials selectively and judiciously. 
Characteristics or risk factors associated with clinical 
mastitis and their potential as predictors of outcomes or 
treatment success include age/parity, stage of lactation 
(days in milk), somatic cell count, clinical mastitis 
history, and pathogen factors such as virulence and 
antibiotic susceptibility (Sol et al., 2000; Constable 
and Morin, 2002; Bradley and Green, 2009; Pinzón-
Sánchez et al., 2011). Taking into consideration these 
factors, practitioners should decide whether a cow 
is eligible for antimicrobial treatment using a label 
prescribes or extra-label protocol or it may be more 
rational not to treat the mastitis (Giguere et al., 2006). 
Therefore, antimicrobial therapy should be indicated 
for animals that are likely to benefit from (Giguere 
et al., 2006). One study documented that increasing 
parity, elevated somatic cell counts (SCC) before 
treatment, and having multiple quarters affected were 
associated with lower probabilities of cure (Gómez  
et al., 2017). Likewise, repeated treatment of a 
recurrent case of mastitis is frequently unrewarding 
(Gómez et al., 2017). Similarly, the expense and 
likelihood of treatment failure increases as parity 
also increases (Gómez et al., 2017). A significant 
association between previous occurrence of clinical 
mastitis and decreasing microbiological cure also has 
been reported (Constable and Morin, 2002; Pinzón-
Sánchez and Rug, 2011). In addition to these cow-
level factors producers and practitioners should also 
consider other factors that can affect the probability of 
a cow to remain in the herd long term before deciding 
to treat a case of mastitis. For instances, cattle in late 
in lactation and not pregnant, ill with concurrent 
diseases, or lame should be considered as potential cull 
candidates, rather than treatment candidates (Giguere 
et al., 2006; Royster and Wagner, 2015). Microbial 
culture of mastitis infections could also help to decide 
whether and how to treat a cow. For instance, mastitis 
caused by S. aureus, S. uberis, Prototheca has lower 

cure rates compared with that caused by other species 
of staphylococci and streptococci (e.g. S. agalactie; 
Giguere et al., 2006). Furthermore, some infections 
are likely to resolve without any treatment, while 
antibiotics can actually delay resolution in some cases 
(e.g. yeast; Giguere et al., 2006). 

Use of antibiotics during dry period. The purposes 
of dry cow dry (non-lactating) treatment include 
treatment of any existing infections present at dry off 
and preventing new infections that may be acquired 
during the dry period (Royster and Wagner, 20115). 
Cure rates for intra-mammary infection (IMI) caused 
by gram-positive cocci —those that existed before 
the dry period but were not detected after calving— 
have been documented on average at 78%, while 
spontaneous cure (no treatment) is only 46% (Halasa 
et al., 2009). However, antibiotic dry cow therapy 
efficacy for eliminating chronic IMI is only about  
15 to 30% (Giguere et al., 2006). 

Evidence-based decision-making should be 
applied when selecting an appropriate dry cow 
therapy. The majority of the intra-mammary products 
were introduced for treatment of contagious mastitis 
caused by Staphylococcus aureus and Streptococcus 
agalactiae (Royster and Wagner, 2015). Therefore, 
most of the research evaluating the efficacy of those 
products focused on these two pathogens. However, 
most subclinical infections present at dry off, as well 
as new infections acquired during the dry period, are 
associated with environmental mixed pathogens, such as 
environmental streptococci and coliforms. Currently, 
little evidence supports the efficacy of IMI for these 
pathogens (Royster and Wagner, 2015). These studies 
suggest that a subset of cows benefit from dry-period 
antibiotic treatment, however the success rates of cure 
of cows with chronic mastitis or mastitis caused by 
mixed pathogens is low.

Conclusion

Antibiotics are commonly used for prevention and 
treatment of disease in calves and mastitis. However, 
they can also be overused, leading to increased risks 
of antibiotic resistance, increased costs and negative 
public perceptions about food production. Therefore, 
practitioners working with cattle have the responsibility 
to use their scientific knowledge regarding disease 
management, diagnostics, epidemiology and 
pharmacology to provide appropriate advice to 
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farmers and to assist in disease prevention, control, 
and management.
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