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Introduction

In a perfect world, grains, hays and silages could all be grown, harvested, stored and fed to dairy cattle with no molds
or mold metabolites (mycotoxins) present at all. However, based on different environments, weather conditions,
farming practices, harvesting and storage conditions, each crop can present challenges for feeding dairy cattle
depending on the year. For example, Fusarium species of molds begin their contamination of crops in the fields
whereas Aspergillus and Penicillium species of molds produce their toxins on the crops after harvesting (Antonissen
et al., 2014).

Whatever the reasons and because molds are everywhere, mycotoxins will be present in all feedstuffs, at one
concentration or another (Devegowda and Murthy, 2005). The goal of harvesting and storing of feeds is to minimize
the concentrations of mycotoxins that creep into the total mixed ration (TMR) of the dairy cow.

Non-Toxigenic and Toxigenic Molds

The presence of mold indicates the preservation technology applied at harvest or storage has failed or become less
effective. Grains may have been harvested and subsequently put in the bin with moisture greater than 15% or silages
may have been inoculated with a lactic acid-producing bacterial solution at ensiling but.improperly packed or covered,
resulting in visible mold formation on the feedstuff. However, detecting mycotoxins goes beyond visually confirming
the presence of mold as approximately 67% of the species are non-toxigenic (do not produce mycotoxins) while'the
remaining 33% are toxigenic or produce mycotoxins (Table 1). When investigating feedstuffs. for mycotoxins, oftentimes
a mold and yeast enumeration and identification will help pinpoint whether mycotoxins are to beexpected or not.

Table 1. Toxicity of Mold Species

Non- Toxigenic Mold Species Toxigenic Mold Species

Mucor, Trichoderma, Rhizopus, |Aspergillus, Penicillium, Stenocarpella (formerly Diplodia), Fusarium

Cladosporin sporotrichoides, Fusarium verticillioides, Gibberella zeae (Fusarium
graminearum)

Courtesy of Dr. Lon Whitlow, Professor Emeritus, North Carolina State University, Raleigh, NC

Mycosis or Mycotoxicosis: The Difference

There are two ways.in which-molds can affect the health and production of dairy cattle; mycosis and mycotoxicosis.
Some molds, such as Aspergillus fumigatus; can‘invade and colonize the respiratory or digestive tracts and enter the
circulatory system, spreading to other tissues (Seyedmousavi et al., 2015). This is referred to as a mycosis and there
are specific clinical signs observed in dairy cows when this occurs (Bennett and Klich, 2003).

A well-known example of a mycosis is Jejunal Hemorrhagic Syndrome (JHS), also referred to as Hemorrhagic Bowel
Syndrome (HBS) of dairy cattle. Aspergillus fumigatus colonizes the gastrointestinal tract as cows ingest contaminated
feeds or A. fumigatus can also enter via the respiratory tract when cows inhale the pathogen from spoiled feed at
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the bunk (Stanzani et al., 2005) or from deep bedded or tie stalls (Jensen et al., 1992). From there, the pathogen
can enter the circulatory system and spread to other organs of the cow, as A. fumigatus DNA has been isolated in
the blood of dairy cows (Puntenney et al., 2003). A. fumigatus produces primarily gliotoxin with lesser amounts of
fumigaclavines A and C. Gliotoxin causes apoptosis (controlled cell death) of cells lining the G.l. tract (enterocytes),
suppresses functional T-cell responses and causes monocyte apoptosis, leading to immune system dysfunction
(Stanzani et al., 2005).

Clinical signs for JHS include depression, loss of appetite, low body temperature, abdominal pain, bloating,
constipation or bloody diarrhea. Mortality from JHS can range from 77 to 100% (McGuirk, 2014).

At one point, Clostridium perfringens type A isolated from the G.I. tracts of JHS cows was thought to play a role in the
syndrome. However, Ewoldt and Anderson (2005) were unable to fulfill Koch’s postulate and induce JHS by inoculating
the G.I. tracts of dairy cows with C. perfringens type A. In addition, Adaska et al. (2014) reviewed 314 individual cases
of JHS and found no causative connection between JHS and Clostridium perfringens type A. The bacterium is often
isolated at necropsy and might be considered an artifact.

When it comes to a mycotoxicosis, a prime example would be aflatoxicosis. Aflatoxin mycotoxicosis causes tissue
damage in the liver and kidney as well as immunosuppression in dairy cattle and decreased milk production (Riet-
Correa et al., 2013). Aflatoxin mycotoxicosis is of particular importance because dietary aflatoxins (Aflatoxin B1) can
be converted to active mycotoxins in milk (Aflatoxin M1). Hence, the FDA has limited dietary aflatoxin concentrations
for lactating dairy cows to 20 ppb. If greater levels are fed, aflatoxins then pass into the milk, creating problems for
humans consuming the milk.

Impact of Mycotoxins on the Cow

When mycotoxin-contaminated feeds are consumed by the cow, mycotoxins interact with other dairy cow stressors
to produce numerous clinical signs. These clinical signs are often non-specific'and reflect the organ systems affected
by the toxins. Clinical signs include lower dry matter intakes,.intermittent diarrhea and other digestive upsets,
unthriftiness, rough hair coat, reproductive dysfunction, early embryonic mortality (irregular heat cycles), -and
decreased milk production and milk components. Because of immune suppression, mycotoxins often cause an
increase in infectious disease and death rate (Antonissen et/al., 2014). Thus, the observed clinical signs reported in
a mycotoxicosis may well result from‘occurrence of opportunistic diseases such as salmonellosis, colibacillosis and
necrotic enteritis.

Diaz et al. (2000) reported a fumonisin mycotoxicosis when dry cows were fed diets containing 100 ppm fumonisin 1
week prior to calving through 70 days in lactation. The cows fed fumonisin/produced 13.2 Ibs. per day less milk at peak
compared to controls, demonstrating how economically important it is to.diagnose and manage a mycotoxicosis.

Chronic toxicity resulting from long term, low level consumption of mycotoxins is more likely than acute toxicity (Marin
et al., 2002). However, ruminants are somewhat protected from acute toxicity because the rumen microorganisms
destroy a substantial portion of many mycotoxins. While in the rumen, multiple mycotoxins in feedstuffs:may

lead to rumen upsets. These mycotoxins bring about rumen upsets by exerting anti-microbial effects on rumen
microorganisms, altering microbial populations, changes in volatile fatty acids and reduced protein and fiber
digestibility (Zain;.2011).

Some mycotoxins'escape ruminal degradation and some derivatives formed in the rumen maintain toxicity and in the
case of zearalenone, metabolites cause even greater toxicity. Regardless, sufficient amount of mycotoxins can flow
from the rumen and cause chronic toxicity (Grenier and Applegate, 2013).

How Mycotoxins Affect the Gut

The epithelial cells lining the digestive tract-are first exposed to.ingested mycotoxins, usually at higher concentrations
than other cells. Aflatoxin is very bioavailable and passes through the G.lI. tract into the circulation in the upper G.I.
Other mycotoxins, such‘as fumonisins; are less well absorbed and spend more time in the digestive tract, impacting
cells lower in the tract (Grenieriand Applegate, 2013). As the Fusarium mycotoxins deoxynivalenol (DON), T-2 toxin
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(T-2), zearalenone (ZEN) and fumonisin B1 (FB1) pass down the G.I. tract, they modify the physiology of the epithelial
cells by loosening the tight junctions between cells, decreasing mucus production in the goblet cells and decreasing
replacement enterocyte proliferation. This tissue damage in the cells lining the gut allows intestinal contents to “leak”
into the supportive tissues of the gut (Bouhet and Oswald, 2005). However, within the enterocytes, mycotoxins inhibit
protein synthesis, increase lipid peroxidation which in turn induces oxidative stress and more cell damage, eventually
leading to cell death (Broom, 2015). This tissue destruction has a negative impact on the cow’s ability to absorb
nutrients and explains why dairy cows lose performance when exposed to mycotoxins (Riet-Correa et al., 2013). It
also increases the maintenance requirements for energy and protein in the cow by having to spend those resources
repairing the tissues.

How Mycotoxins Affect the Immune System

One of the more important chronic effects of mycotoxins is suppression of immunity (Oswald et al., 2005). Most
importantly, mycotoxins initiate changes in cytokine production in innate immune cells in the tissues below the
enterocytes (Antonissen et al., 2014). Cytokines are small proteins secreted by a broad range of cell types (i.e.
monocytes, macrophages, neutrophils) and are important in cell to cell communication. There are pro-inflammatory
cytokines (i.e. IL-113, IL-6 and TNF-a) produced predominantly by activated macrophages and helper T cells (Zhang
and An, 2009). There are also anti-inflammatory cytokines (i.e. IL-4, IL-10, IL-11 and IL-13) produced by immune cells
to control inflammation (Zhang and An, 2009).

The mycotoxin DON has been shown to cause an increase in the pro-inflammatory cytokines L6 and TNF-o in mice,
with a subsequent decrease in growth hormone production and lower weight gain (Amuzie et al., 2009). Aflatoxins
have been shown to suppress IL-13 and TNF-a pro-inflammatory cytokines and increase the anti-inflammatory
cytokine IL-10 (Marin et al., 2002). Gliotoxin inhibits production of TNF-a (pro-inflammatory cytokine) and IL-8

(a chemokine or “chemotactic’-directing protein produced by macrophages and other immune cells) adding more
supportive documentation on how mycotoxins impact the immune system (Fitzpatrick et al., 2000)/If the signaling
pathways are negatively influenced by mycotoxins, it becomes obvious how immune-suppression results. Producers
will see more cases of respiratory and digestive diseases leading to decreases in milk production‘and altered milk
components.

In summary, mycotoxins commonly occur in feeds and adversely affect dairy cattle. Mycotoxins may not be apparent
due to difficulties in sampling and detection of mycotoxins: Because mycotoxins suppress immunity, clinical signs may
be indirect, resulting in opportunistic diseases. Chronic effects may develop over an extended time period, also making
diagnosis difficult. As a result,,mycotoxin exposure may be undiagnosed, buta key:reason for herd problems.

Managing Around Mycotoxins

Prevention and treatment starts in the field with practices to reduce plant stress, such as plant varieties with fungal
resistance, timely planting, proper tillage, soil fertility, irrigation, insect control, fungicides, and timely harvest
(Mansfield et al., 2005). Mold growth.and mycotoxin formation can be further controlled with feed harvest and storage
practices to reduce trash and broken kernels in grain and to-manage correct levels of moisture, heat and air.

Because molds and mycotoxins.can damage the gut, liver and other body tissues,'it becomes obvious how mycotoxins
can rob cows of production and efficiency. It also becomes clear why. producers need to implement management
practices that ensure high quality feeds are produced and minimize mold and mycotoxin impacts on their cows.

The Need for a Mycotoxin Mitigation Strategy

Regardless of how diligent harvest practices are, in some instances, there is no escaping the appearance of high
levels of mycotoxins in the TMR. Based on the sheer tonnages of hays, silages and grains, it becomes impractical

to discard feedstuffs that contain-mycotoxins. Depending on what the mycotoxin load is will dictate how involved

a mycotoxin-mitigation program should be. In order to reduce the presence and effects of mycotoxins, an effective
mycotoxin mitigation strategy could include: feed treatments.to reduce mycotoxin content, adsorbents to prevent
animal absorption, use of immune modulators to rescue immune system function, added nutrients and incorporation of
antioxidants in‘the TMR (Whitlow and Hagler, 2005).
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