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ABSTRACT

Background: Diarrheagenic E. coli poses health and economic problems to cattle raising. They
also participate in the expansion of antibioresistance genes, hindering current antibiotherapies.
Aim. To summarize updated information on E. coli-cattle interaction, with emphasis on newborn
calf diarrhea, and its implications on current antibiotherapies. Development: Bovines are an
excellent reservoir of E. coli. The six diarrheagenic patotypes affect newborn calves directly,
with a lesser or greater intensity. Patotypes ETEC and STEC stand out among them; the former
causes the largest colibacillosis outbreaks, the latter is also a growing global zoonotic agent.
Every patotype causes major economic losses due to morbidity and mortality of these forms of
animal rearing. Both commensal and diarrheagenic strains are sources of antibioresistance, which
is stimulated using antibiotics as growth promoters in cattle, making current therapies difficult.
Probiotics and efficient microorganisms are sustainable alternatives. Conclusions: all the
Diarrheagenic patotypes of E. coli cause intense or less intense diarrhea in calves, with major
economic losses. The STEC strains are zoonotic. Both diarrheagenic and commensal strains
participate in the spreading of antibioresistance. This phenomenon is stimulated by inadequate
antibiotic use, both for prophylaxis and as growth promoters. Other, more efficient alternatives
do not cause side risks to health and the environment, thus not compromising the effectiveness of
current antibiotherapies.
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INTRODUCTION

Few microorganisms have caught the attention of researchers and scientific institutions, as
Escherichia coli. This has occurred over the course of 136 years with a completely antagonist,
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still puzzling, protagonism. On one extreme end of the scale, it stands out as a commensal in the
microintestinal biota, a prominent member of facultative anaerobic representatives of all hot-
blooded animals. On the other end, it acts as an intestinal pathogen (intestinal pathogenic E .coli
-IPEC), and extraintestinal pathogen (extraintestinal pathogenic E. coli -EXPEC) (Ramos et al.,
2020; Barreto, Rodriguez, and Campal, 2020a).

This dual feature is valid, though it should never be interpreted as absolute. The non-
diarrheagenic strains present in the microintestinal biota of all animal species used for food
production have an increasing participation in the spreading of antibiotic resistance genes to
humans (Ahmed et al., 2019). Although it has been particularly analyzed in birds, bovines also
have an outstanding position in this respect (Hang et al., 2019). Underestimating diarrheagenic
variants (DEC), many of them zoonotic, has been a regrettable error (Ryu et al., 2020; Barreto et
al., 2020a; Barreto et al., 2020b). Cattle are reservoirs of quite a few extraintestinal human
pathogenic E. coli strains responsible for infections of the urinary tract (UTI) through newborn
meningitis (Nielsen et al., 2020).

For about 10 000 years, bovines have been the main source of meat and milk for human
consumption. This long period has turned them into an important reservoir of pathogens causing
food-transmitted diseases (FTD), among which are the Shiga toxin-producing E. coli patotype
(STEC) (Sapountzis et al., 2020). At the same time, almost all the IPEC variants stand out among
newborn calf diarrhea-producing agents. Their negative impact is more intense during the first
weeks of life. A stage characterized by high morbidity and mortality, growth retardation, and
increased economic losses due to treatments and others (Awad et al., 2020).

Consequently, the above-mentioned scale is tilted. A priori, it is tilted to the negative side,
leaving the opposite dish full of uncertainties. Is there something positive to add to this story?
Certainly, but it depends on those who organize and run production systems.

Accordingly, the aim of this review is to summarize updated information on E. coli-cattle
interaction, with emphasis on newborn calf diarrhea, and its implications on current
antibiotherapy.

DEVELOPMENT

A previous clarification

The information available in relation to the taxonomy of E. coli is very abundant. It has resulted
from the negative impact on human and animal health, in addition to becoming a relevant part of
their intestinal microbiota (Ramos et al., 2020). For that reason, it was chosen as an appropriate
indicator to determine possible water and food contamination from feces. However, despite years
past, the proposal of Nataro and Kaper (1998) has remained as a referent of any approximation to
this enterobacterium and its pathogeny. This review only focuses on some critical details for
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scholars conducting research on the links between bovines, this prolific bacterial species, and the
consequences to humans and calves.

E. coli, morphological and biochemical aspects

Escherichia coli is the type species from the genus that comprises other four (Escherichia
blattae, Escherichia fergusonnii, Escherichia hermannii, and Escherichia vulneris), without their
epidemiological transcendence (Barreto, 2007). It is presented in the form of small, gram
negative, anaerobic, facultative, oxidase negative colibacilli (Edwards and Ewing, 1972), motile
(swimming, individual motility by peritrichous flagella; or swarming, collective motility
regulated by quorum-sensing), or nonmotile (Swiecicki, Sliusarenko, and Weibel, 2013).
Although the capacity for lactose fermentation is a predominant character, which is used in
biochemical schemes for presumptive identification, there are exceptions. The most commonly
known is the one that characterizes the enteroinvasive E. coli (EIEC) patotype that comprises
strains with a phenotype like Shigella spp. with a variable pathogenicity in calves, and high
virulence in humans (Barreto, 2007; Awad et al., 2020).

The fermentation (or lack of fermentation) of certain carbohydrates has been a way used by
several small laboratories as an effort to approach diarrheagenic E. coli variants, which are
pathogenic to humans and animals. One example is the fermentation of sorbitol, raffinose, and
dulcitol, along with decarboxylation of lysine, arginine, and ornithine, to determine the vero
toxigenicity character, in strains isolated from cattle (or derived foods), or humans. Generally,
rhamnose-non-fermenting E. coli O26 strains correspond to the STEC patotype (shigatoxigenic,
also named Shiga like Toxin E. coli) (Gebregiorgis and Tessema, 2016). The addition of adonitol
(0.2%) to Simmon’s Citrate Agar medium (Pohl et al., 1984) turned it into a simple tool to detect
ETEC K99" (now ETEC F5%), by forming typical yellow mucoid colonies. This variant appeared
in the first reports of strains with that phenotype, which caused newborn calf diarrhea in
Camaguey (del Risco and Barreto, 1988).

These techniques were painstaking and inaccurate, and required serological confirmation of E.
coli biotype isolates. It was another complex variant to deal with, whose determination required
experienced staff. They relied on the determination of somatic (O), flagellar (H), and capsular (K)
antigens. Overtime, it was limited to the detection of fimbrial antigens (F5, F17, and F41), from
diarrheagenic ECET in calves (Barreto, 2007). Simultaneously, biological tests were introduced
to confirm the presence of highly aggressive enterotoxins to the laboratory animals used. These
issues led to the fact that since the end of the 1990s, researchers have suggested using molecular
assays to conduct this diagnostic (Mutkar et al., 2015). Unfortunately, there are laboratories
where the biochemical variant is their only choice.
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Enteropathogenic E. coli patotypes

The diarrheagenic variants of E. coli are distributed in six patotypes, according to the virulence
factor of the agent, and the harm level caused in the host. They are enteroxigenic (ETEC),
enteropathogenic (EPEC), shigatoxigenic (STEC), enteroinvasive (EIEC), enteroaggregative
(EAEC), and enteroadherent (EAdJEC or DAEC _diffusely adherent E. coli]) (Awad et al., 2020).

Within this classification, the STEC patotype incorporates the EHEC subgroup
(enterohemorrhagic E. coli), which had been an independent patotype in previous classifications
due to its relevance (Barreto, 2007; Andrade et al., 2012; Awad et al., 2020). Then, as a EHEC
patotype, it included vero toxin-producing strains (vero toxigenic E. coli —~VTEC) (Karmali et al.,
1985), which now belongs to the STEC patotype. Both EHEC and VTEC play an outstanding
role in the pathogeny of humans and bovines, so they will be revisited in this review, though its
current subordination to STEC will be excluded.

Consequently, it is important to say that ETEC is the predominant patotype in newborn calf
diarrhea, particularly in the first four days of life (Andrade et al., 2012). The success of these
strains in infecting and further developing the diarrheal syndrome is associated to its broad
arsenal of virulence attributes. First, the presence of diverse fimbria that make adherence to small
intestinal receptors of the host possible. Although F5 is prevalent, the participation of F17 and
F41 cannot be disregarded. The completion of this step facilitates colonization and, when the
necessary quorum is reached, the release of toxins that cause diarrhea. They can be of two types:
heat labile (HL) and heat stable (HSa and Hsb) (Ramos et al., 2020).

The involvement of the other patotypes in the syndrome is controversial. Some researchers report
them in isolates from healthy and diarrheal animals (Awad et al., 2020). However, though STEC
can be present in the feces of healthy animals, it often acts through Shiga toxins (Stx1 and Stx2).
Meanwhile, EPEC and EHEC, with similar pathogenicity mechanisms, affect 2-8-week-old
calves, especially during the fourth week (Awad et al., 2020). Protein (intimin) mediated
adherence leads to the destruction of the apex of intestinal microvilli (attaching and effacing AE),
a damage that causes diarrhea (Nataro and Kaper, 1998; Andrade et al., 2012).

Since the 1980s, E. coli 0O157:H7, a EHEC serotype, has called global attention. Its zoonotic
character has been demonstrated, appearing in the United States and Canada simultaneously
(Barreto et al., 2007). Then, it spread across Europe, and has been listed among the major
enteropathogens found in food quality control analyses, particularly ground beef used to make
hamburgers (Ramos et al., 2020). Just like other EHECsS, it is present in the microbiota of healthy
cattle, accumulating in their feces. It can contaminate milk, water, vegetables, and so on, using
different ways. (Nobili et al., 2017).

STEC strains can survive and persist in the gastrointestinal tract of cattle, thus evading its
immunological mechanisms. The interaction with the intestinal microbiota may favor or hinder
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its persistence in the host, an area worth investigating more thoroughly (Sapountzis et al., 2020).
Because of its validity for the control of enteropathogens like the previous, this topic will be
analyzed further on.

Due to the elevated rate of pathogenic gene transfer in E. coli, STEC strains are often isolated
with plasmids, to which information related to intimin (eae) and a potent hemolysin (hylA) is
added to that of Stx1 and Stx2. These hybrids are termed AESTEC (attaching and effacing
STEC) (Thiry et al., 2017). It can occur in healthy and sick calves, as well as in beef and dairy
cattle. All act as reservoirs and sources of transmission to humans, causing hemorrhagic colitis
through hemolytic uremic syndrome (Awad et al., 2020).

The capture of foreign plasmids in E. coli has produced diverse hybrids like the above-
mentioned. This phenomenon complicates the epidemiological study, as well as the taxonomic
classification into patotypes. In addition to the one described, ETEC/STEC and ETEC/EPEC
associations have been reported in 14.7% and 2.7% of cases, respectively. These atypical
combinations are more frequent in buffaloes (Awad et al., 2020).

The high gene transference in E. coli, besides the one already mentioned, has encouraged this
species to play an outstanding role in the transmission of antibioresistance, a phenomenon that set
the alarms last century, to the point of being identified as the silent epidemic of the twentieth
century (Oliva and Baez, 2019). Bovines are reservoirs of these enteropathogenic entities that
play an outstanding role in their persistence and spreading.

E. coli—cattle interrelation and the expansion of antibioresistance

The presence of antibioresistance in commensal bacteria of the intestinal microbiota is frequent
and rising. This increment is dual: quantity of bacteria and extension of polyresistance. This
phenomenon is like a snowball going down a mountain, causing havoc. This simile is no
exaggeration, particularly when the analysis focuses on animal production systems that contribute
to human food consumption. The species involved (cattle, pigs, birds), rather than being the
exception, are an example of the problem, being the food chain the main route of transmission to
consumers (Ramos et al., 2020).

This reality derived from continuous exposure of animals to antibiotics for over half a century,
both in sublethal concentrations to promote growth, and for prophylaxis (Barreto, Rodriguez, and
Barreto, 2016a, b). The former is under international restrictions, which are not always met. The
latter is excessively applied in the prevention of diseases that would not occur if their causes were
prevented. To achieve either purpose there are multiple sustainable choices free from the adverse
effects of these antimicrobials (Belookov et al., 2019; Barreto et al., 2017; Barreto et al., 2020g;
Barreto et al., 2020b).
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Because of the amounts of E. coli in the intestines, its remarkable adaptability to the most diverse
environment, and the capacity to accept foreign genes, it stands out among antibioresistance
commensals, and during the transmission and spreading of such resistance (Ramos et al., 2020).
The above aspects are favored by the presence of motile genetic elements in their genome
(integrons, plasmids, and transposons) (Schrijver et al., 2018; Wyrsch et al., 2019). In that sense,
broad spectrum strains of B-lactamase (BLEE) are capable of hydrolyzing third generation
cephalosporins and aminoglycosides (European Centre for Disease Prevention and Control -
ECDC, 2018). The presence of BLEE" E. coli has been reported in Cuba, in bird isolates (Baez et
al., 2021). This practice should be implemented in bovines, since they are reservoirs of patotypes
of this enterobacterium, which are pathogenic to humans, and carriers of critical antimicrobial
resistance genes during therapy (Coppola et al., 2020).

In Germany, the circulation of E. coli resistant to third generation cephalosporins was reported in
70% of cattle farms, and 85% of dairy farms (Hille et al., 2017). This problem is present in all
Europe. More than half of the isolates analyzed in 2018 were resistant to at least one type of
antibiotic, ranking from top to bottom: aminopenicilline, fluoroquinolons, third generation
cephalosporins, and aminoglycosides. The same report points out that E. coli stood out both for
its tolerance to antimicrobials and the number of deaths caused (ECDC, 2018).

Meanwhile, the European Food Safety Authority (EFSA) made a report about the growing
concerns regarding the high proportions of Salmonella, Campylobacter, and E. coli isolates with
a diminished sensitivity to fluoroquinolones (EFSA, 2019).

In the Americas, the United States has reported an increase of strains with these features for
several years (Schrijver et al., 2018). In Latin America, two South American beef production
giants have also reported a similar context. In 2017, a first report was published on E. coli as
carriers of genes resistant to antibiotics used in humans in Uruguay (Umpiérrez et al., 2017).
Three years later, this topic was reiterated, though more strikingly, since the problem already
included major antibiotics for humans (Coppola et al., 2020). In Argentina, scholars referred to a
similar situation (Gonzélez et al., 2019).

In Cuba, during a study to evaluate antibioresistance in isolates from foods, 62.1% of it was
observed to come from at least one antibiotic. E. coli and V. cholerae showed over 50%
resistance to tetracycline and ampicillin. The greatest percentages of antimicrobial insensitive
strains were obtained in isolates from meat and meat-by products, including beef (Puig-Pefia et
al., 2020). It was the only national report on these observations, though cattle derivatives were
not analyzed by separate throughout the article.

In conclusion, the common denominator of quinolones, cholistine, and third-generation
cephalosporins is their priority use in human antimicrobial therapy. Hence, any form of resistance
observed in the target bacteria becomes a global concern that calls for permanent surveillance and
immediate solutions.
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Are growth promoters strictly necessary for bovine production?

Growth promoters are the substances that, without being nutrients, can increase the efficiency of
food conversion, mean daily gain, and carcass quality, or increase in milk production. The most
commonly used in calves are classified into five groups: nutritional additives, hormonal implants,
growth hormones (BTS-Bovine Somatotropine), B-agonists agents, and probiotics. Detailed
information has been published about each of these variants, their advantages, and limitations,
since the last century (Herago and Agonafir, 2017). According to the aim of this proposal, only
the nutritional additives will be explained thoroughly, particularly the case of antibiotics and
probiotics.

In a broader sense, a nutritional additive is the substance incorporated to the food to a) meet
certain animal needs, and b) increase resistance to diseases (Abd-Elhakeem et al., 1998). There
are multiple candidates; since the first half of the last century, antibiotics (sublethal
concentrations), organic acids, and certain enzymes are among the most important (Barreto et al.,
2017; Herago and Agonafir, 2017). Below some key aspects have been summarized.

Antibiotics as growth promoters

Although since the mid-1940s the stimulating properties of some antibiotics for animal growth
were known, their introduction in the diet of calves as nutritional additives was not fully
established until the 1950s. This decision came from a hypothesis: by eliminating undesirable
microorganisms (and toxins) in the intestinal tract, antibiotics create a favorable environment in
the intestinal mucosa for a more efficient absorption of nutrients. Since then, this practice was
assumed as an essential component of bovine productions (Kertz et al., 2017).

Between January 1957 and December 1976, a number of 150 papers were published in the United
States and Canada, dealing with the impact of antibiotics on the production of calves, and dairy
cattle in general, from physiological, genetic, and immunological standpoints (Kertz et al., 2017).
Unfortunately, the long chain of successes was based on three major biases: their effect on the
generation of antibioresistance strains (commensal and/or transit pathogenic), and their
consequences on consumers and the general surrounding (Barreto et al., 2016a). This was
confirmed later.

Throughout more than half a century, such successful practice contributed to a reduction of the
efficacy of antimicrobials used in humans and animals, due to the generation of resistance
bacteria. The first signs of alarm were observed in the mid-1960s when Salmonella strains
causing outbreaks of food-transmitted diseases in The United Kingdom showed unusual
polyresistance. The severity of this led to the creation of a commission to analyze the case (The
Swann Committee). Among others, it recommended to restrict the use of antibiotics as additives
in the diet of animals, except those outside (or with very little application) human and animal

Journal of Animal Prod., 33(2), https://revistas.reduc.edu.cu/index.php/rpa/article/view/e3867



Diarrheagenic and Commensal E. coli in Cattle, Implications for Health and Current Antibiotherapy

therapies. It also stressed that some antibiotics, like Tylosin, could only be used if officially
prescribed (Edgvist and Pedersen, 2002).

Ironically, as Edgvist and Pedersen (2002) noted that subsequent action turned into inaction, and
conclusions into dilutions, regrettably. The European Union approved the use of macrolides
(Tylosin and Spiramycin) as growth promoters. This decision was influenced by the pressures of
the pharmaceutical industry, and the community of animal breeders on one side; and on the other,
thanks to a mistaken scientific conception (very opportunistic, by the way). According to Walton
(1988), antibiotic use in sublethal or inhibiting concentrations did not exert enough pressure to
generate a resistance response in bacteria. The broad resistance to macrolides observed in
macrobacteria, in subsequent years (Edqvist and Pedersen, 2002; Tang et al., 2019) would have
been enough to rebut such theory, but it was otherwise.

In the late Twentieth Century, the World Health Organization called for a meeting to evaluate the
consequences generated by this variant. In a general sense, a spine-chilling conclusion was
drawn: the extent of the impact of antimicrobial use in animal production on medicine and public
health was unknown. Such uncertainty forced a new recommendation: replacing them by safer
growth promoters (WHO, 1997).

More years had to pass, until stricter decisions were made. In 1999, the European Union (EU)
issued a decree banning this practice, partially. Then, in January 2006, it was established in
absolute terms (US Government Accountability Office, 2011; Maron, Smith, and Nachman,
2013). Despite the justified decision, breeders in developing countries fail to abide by this rule,
though they are not the only ones (Maron et al., 2013; Van et al., 2020).

It is a quite real approximation to world developments after the EU regulation in 2006, as
expressed in the proposal of Maron et al. (2013), including the justifications to turn a blind eye,
based on legal proceedings. This had been anticipated in another famous irony of Edgvist and
Pedersen (2002): antimicrobials as growth promoters: resistance to common sense.

Antibiotic alternatives for growth promotion

Current technologies for animal production not always consider critical aspects of animal
physiology. By not adapting to nutritional and environmental changes undergone, they often
become targets of pathogenic entities, both enteric and respiratory. The several, already
mentioned, patotypes of E. coli, are a proof of it. Besides making them ill, their productivity
declines, and the economic losses are enormous. This phenomenon can be reversed. Though not
relying on antibiotics for therapy or prophylaxis; much less, as growth and health promoters.
(Belookov et al., 2019; Tang et al., 2019).

At birth, the immune system of calves is immature, making them dependent on the passive
protection they receive in the colostrum. As their only means of defense, they must face the
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change from a sterile environment in their mother’s uterus, to an environment loaded with
microorganisms, many of them pathogenic. With these microorganisms, the ones acquired
through lactation from their mothers and other feedstuffs, calves begin conforming their intestinal
microbiota. It is a pivotal moment: a) the ideal time for the establishment of enteropathogens; b)
the appropriate moment to help with the formation of suitable and stable microbiota, by means of
probiotics (Al-Shawi et al., 2020), or compatible microbial mixes (efficient microorganisms
_EM) (Belookov et al., 2019; Rodriguez et al., 2021). The result depends on the breeder.

Additionally, newborn calves are far from being functional ruminants. They must be fed as
monogastric animals. A liquid diet ensures most of their nutrition until weaning, when they start
consuming a dry diet in sufficient amounts to contribute to rumen development. A liquid
alternative is the best way to introduce probiotics or EM mixed with nutrients before
consumption, or fermented before supplying them to the animals (Missotten et al., 2015). The
other variant, in addition to being more economical, can increase the quality and protein levels of
nutrients, their digestibility, while maintaining a balanced intestinal microbiota, stimulating
protecting immune response at that level, limiting the adherence of enteropathogens, and
improving animal health parameters (Rodriguez et al., 2021).

Weaning poses a drastic challenge to animals, only comparable to after birth. The radical change
to a dry diet may lead to damage in microintestinal microvilli. These injuries could be irreversible
or not, depending on the zootechnical measures adopted. Some of these challenges include the
aboe-mentioned suggestions, which are positive in terms of stabilizing altered microbiota
(Alayande, Aiyegoro, and Ateba, 2020).

An illustration of the above is the following: The purpose was to evaluate the probiotic effect of
Saccharomyces cerevisiae on post-weaned Siboney de Cuba (5/8 Holstein, 3/8 Zebu) calves, with
an average age of 180 days. Chopped sugar cane was supplied ad libitum, together with 100 mL
of liquid S. cerevisiae culture, C-40 (1.3 x 108 cfu/g)/Norgold/animal. The introduction of this
yeast in the conventional diet contributed to weight gains of 10 kg (p<0.05) higher than the
control animals. Mean daily gain was higher as well (over 100 g/animal/day) (Delgado, Barreto,
and Rodriguez, 2019). Perhaps, the fermentation of nutrients with S. cerevisiae for 24-48 hours
before feeding the calves could provide even better results.

CONCLUSIONS

Bovines are an excellent reservoir of E. coli. All the diarrheagenic patotypes of E. coli cause
intense or less intense diarrhea in calves, producing major economic losses; STEC is an
ascending world zoonotic agent. Both commensal and diarrheagenic strains are sources of
antibioresistance, which is stimulated with the use of antibiotics as growth promoters, making
current therapies in calves and humans difficult.
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