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KEY POINTS

e The etiologies of an increasing number of cases of ruminant production inefficiency,
morbidity, and/or mortality are actually multifactorial in nature.

An integrated diagnostic approach, focusing on the initial problem list, is consistent with
how veterinarians diagnose the causes of most ruminant health problems, other than
those assumed to be intoxications, and helps ensure that all of the factors contributing
to the development of clinical signs are taken into appropriate consideration.

e The basic steps in diagnosing suspected intoxications and/or cases of ruminant produc-
tion inefficiency, morbidity, and/or mortality of initially unknown etiologies should include
collection of historical information and a thorough physical examination, development of a
problem list with a DAMNIT analysis, and an explanation of what about a given case sug-
gests it represents an intoxication.

Suspected intoxications or toxic exposures contributing to production inefficiency,
morbidity, and/or mortality should be confirmed with plausible evidence of exposure to
a specific toxicant and clinical signs which are consistent with the characteristic toxi-
drome of tat toxicant.

This article addresses some of the emerging toxicologic diagnostic challenges
involving the increasing number of toxicology cases that actually are multifactorial in
nature, often involving sublethal exposures to multiple toxicants and/or other etiol-
ogies that are not toxic in nature. The traditional, gold standard diagnostic approaches
were developed under the assumption that the cases being investigated were un-
doubtedly intoxications, and they are still very applicable to those types of cases. A
more integrated diagnostic approach, however, focusing on the initial problem list,
is more consistent with how veterinarians generally diagnose most cases, other
than those assumed to be intoxications. Likewise, livestock ownership attitudes
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need to continue to evolve into a more production-centered mindset, allowing for
more efficient use of veterinary services. Finally, there needs to be continued concerns
about how ongoing threats to the financial well-being of animal agriculture in the
United States ultimately will have an impact on the ability of producers to maintain
the health and performance of their livestock.

The intent of this article is 3-fold. Reviewing the aforementioned diagnostic chal-
lenges helps illustrate how the concept of multifactorial causality, as applied to sud-
den death (Fig. 1) and an example of suboptimal livestock performance (Fig. 2), has
in an impact on how to look at the determinants of livestock health and production.”
In addition, this article updates Boxes 1-3 from the 2011 issue of Ruminant Toxicology
(Veterinary Clinics of North America), which summarize traditional toxicology-focused
diagnostics, and, while recognizing their utility for the types of cases for which they
were formulated, integrates them with a problems list-based diagnostic approach,
which hopefully ensures that the bare essentials of sample collection and analyses
are performed for more cases.? The final intent of this article is to provides readily
accessible, bulleted lists of (1) the basic steps in diagnosing suspected intoxications
and cases of ruminant production inefficiency, morbidity, and/or mortality of initially
unknown etiologies, including collection of historical information and physical exami-
nation, development of a problem list with DAMNIT analysis; (2) the basic character-
istics of circumstances most likely to involve intoxications; (3) the attributes of an
appropriate differential diagnosis for a given toxicant-induced clinical sign, with exam-
ples listed for sudden death without any premonitory signs in cattle as well as blind-
ness in cattle; (4) a summary of critical historical information to collect and essential
body systems to evaluate; and (5) confirmation of evidence of exposure to a toxicant
(EET) and consistent clinical signs (CCSs) of that exposure as well as a list of standard
diagnostic testing procedures that complement the diagnostic necropsy samples out-
lined in Box 3.2
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Fig. 1. The potential roles of xenobiotic exposure and other intrinsic and extrinsic factors in
the etiology of sudden death in livestock.
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Fig. 2. Using reproduction as an example of a targeted function, the possible roles of mul-
tiple intrinsic and extrinsic factors, as well as interactions between these factors, in the path-
ogenesis of reproductive problems, is shown.

DIAGNOSTIC CHALLENGES
Emerging Diagnostic Challenges Associated with Multifactorial Ruminant Health
Problems

As noted in the preface to this issue, the past 50 years generally have seen a decrease
in poisoning cases related to exposure to solely 1 toxicant and without any other
contributing factors, including those that are not toxic in nature.? Fig. 1 shows
some of the factors, including exposures to potentially toxic xenobiotics, which can
potentially have an impact on occurrence of sudden death in ruminants. Fig. 1 adds
some more contemporary concepts, such as genomics and the microbiome, to the
factors possibly affecting the major physiologic determinants of whether the body
has sufficient oxygen to facilitate cellular respiration and the production of enough
adenosine triphosphate (ATP) to survive. Fig. 2 illustrates how impaired reproductive
function in ruminant species, which is used as an example of a ruminant performance
parameter, also be can impacted by many of these same factors. As shown in Fig. 2, a
combination of management factors and livestock producer decisions forms a critical
interface with external stressors, including xenobiotics infectious agents, environ-
mental extremes, and nutritional quality, and also animal-based factors, such as phys-
iology and genetics." Whether talking about sudden death or suboptimal
performance, the sum of all of the interactions occurring at a single point in time or
over a more extended period of time ultimately determines ruminant health outcomes.
Significant variations in these interactions, between individual animals within a popu-
lation, help explain why different individual animals appear to respond to the same set
of conditions. As viewed from this perspective, sudden death often represents a per-
fect storm, where it often is difficult to blame just 1 toxicant, disease, or stressor for the
observed mortality. Anecdotally, the author has been involved in working-up many
cases of livestock mortality, where 1 factor alone, such as mild to moderate pneu-
monia, was evident but did not fully explain the magnitude of the observed livestock
mortality. It was discovered only later that poor nutrition and what normally would
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Box 1
Checklist for pertinent information to be collected in a suspected ruminant poisoning or
ruminant production inefficiency/illness/death of unknown etiology

Owner data

Owner/financially responsible individual:
Manager/caretaker:

Address:

Cell phone numbers:

E-mail addresses:

Home phone number:

Work phone number:

Fax number:

Web site:

Herd/flock health history

Iliness past 6 months:

Exposure to other animals past 30 days (recent animal introduction):
Vaccination history past 12 months:

Herd/flock exposures to sprays, pour-on preparations, medicated ear tags, implants,
dewormers past 6 months:

History of anaplasmosis/access to medications for anaplasmosis prevention:
History of abortions, stillbirths, subfertility past 12 months:

Unexplained deaths past 12 months:

Last examination by a veterinarian:

Environmental data

Location (pasture, woods, dry lot, near river or pond, confined indoors):
Buildings (ventilation; old or new construction; recent painting or renovation):

Weather conditions (tornados, hurricanes, precipitation; flooding, lightning, drought; extreme
cold or heat):

Access to “routine” sources of potential toxicants (access to trash, burn piles, old construction
materials, dipping tanks or vats, storage sheds, nonfunctional machinery or automobiles,
automotive parts, recently burnt materials):

Unique exposure scenarios to potential toxicants (proximity to mining lands, seepage or
tailings; access to oil drilling or petroleum storage; locations near Superfund sites, nuclear
power plants, previous radioactive testing sites; nearby military installations):

Patient data
Species:

Breed:

Age:

Sex:

Reproductive status:

Recent health issues:

Body condition score:
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Weight (loss, gain, stable):

Current clinical history

For herds/flocks, current size of group:

Other groups of same species on same premises:
Common feed or water amongst groups:

Morbidity: ; mortality

Date first observed sick or dead
If found dead, last seen alive and healthy:

Onset and progression of signs (sudden death; acute onset moving to less severe; gradual onset
becoming more severe):

Duration of problem in the herd:

Recent malicious threats:

Proximity to neighbors:

Changes in exposure

Escape of livestock from confinement:

Plant clippings discarded in livestock pastures:

Recent changes in location or environment (movement to new grazing areas or buildings on
premises; transport to exhibitions or sales):

Recent changes in sources of water, feed, forage, or inclusion of feed additives:
Access to materials used for construction/renovation:

Specific recent use of parenteral medications (antibiotics; vitamin and/or mineral supplements;
miscellaneous drugs) and specific types or names if available (ask for labels to identify):

Specific recent use of pesticides (insecticides, rodenticides, herbicides) and specific types or
names if available (ask for tags or bags to identify):

Weed invasion into forage or grain crops; weed seeds in grain or feed:
Fungal contamination of grasses, grains, hays, or silage:

Outside services (eg, lawn care, pasture seeding, tree planting, fertilization, building
renovation, fly control):

Diet and water sources

Type of diet:

Water source (flowing stream, pond, well, county, or city water):

Recent changes in total diet or a specific feed:

Changes in specific ingredient(s):

Feed type (whole grains; sweet feed; pelleted complete feed; total mixed ration):
Type of hay (eg, grass, alfalfa, mixed; weed contaminants):

Recent fertilization or pesticide application:

Pasture type (scant, abundant, weed contamination; trees or brush present):
Method of feeding (hand-feeding; full-feed, automated, or manual):

Presence of moldy or spoiled feed or hay:

Modified from Osweiler GD. Diagnostic guidelines for ruminant toxicosis. Vet Clin North Am
Food Anim Pract. 2011;27(2):247-254; with permission.
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Box 2
Checklist of clinical signs pertinent to suspected ruminant poisoning or ruminant production
inefficiency/illness/death of unknown etiology

Sudden death without any premonitory clinical signs

Most often associated with acute abnormalities in neurologic/endocrine function, metabolic
function, cardiovascular function, and pulmonary function (see Fig. 1), all of which can lead to
systemic hypoxia and/or depletion of ATP

The absence of premonitory clinical signs is a function of the nature of causality and the level of
animal supervision.

Neurologic signs

Blindness/visual impairment/frequent collision with structures and/or barriers
Seizures/convulsions

Ataxia

Salivation
Depression/recumbency
Weakness

Excitement

Head pressing

Cerebellar signs

Dysphonia

Dysphagia

Choke

Shifting leg lameness

Other (describe)
Cardiovascular/circulatory/hematologic signs
Exercise intolerance

Weakness

Edema

Anemia/pale mucous membranes
Hemorrhage

Hematuria

Hemolysis

Icterus

Hemoglobinuria
Methemoglobinemia

Arrhythmia

Bradycardia

Tachycardia

Leukopenia or leukocytosis

Dry gangrene

Hyperthermia or fever




Other (describe)
Respiratory signs
Exercise intolerance
Dyspnea

Persistent tachypnea
Nasal discharge/cough
Fever/hyperthermia
Other (describe)

Gastrointestinal signs (including problems involving the oropharynx)

Ruminal tympany or bloat
Rumen acidosis or rumen alkalosis
Salivation

Anorexia

Regurgitation
Constipation

Diarrhea

Melena

Polyphagia

Polydipsia

Dysphagia

Choke

Other (describe)
Hepatic/metabolic signs
Anorexia

Icterus

Weight loss
Photosensitization
Hypoglycemia
Hypoproteinemia
Other (describe)
Renal/urinary signs
Azotemia

Anuria

Polyuria

Hematuria
Hemoglobinuria
Dysuria

Other (describe)

Reproductive signs

Decreased pregnancy rates (decreased calving, lambing, kidding rates)

Ruminant Intoxication Diagnosis
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Anestrus or irregular estrous cycles
Hyperestrogenism

Abortion or stillbirth

Agalactia or dysgalactia
Teratogenesis

Prolonged gestation

Testicular and/or spermatozoal abnormalities
Other (describe)

Dermal signs

Achromotrichia

Alopecia

Photosensitization

Other (describe)

Modified from Osweiler GD. Diagnostic guidelines for ruminant toxicosis. Vet Clin North Am
Food Anim Pract. 2011;27(2):247-254; with permission.

Box 3
Clinical and necropsy specimens for ruminant toxicology diagnosis

Blood: 5 mL to 10 mL in ethylenediaminetetraacetic acid anticoagulant. Chill and submit on ice.
Serum: centrifuge, remove from clot, store, and submit chilled or frozen.

Brain (half frozen, half formalin): leave midline in formalin for pathologist.

Cerebrospinal fluid (2-4 mL, chilled): submit in sterile container.

Ocular fluid or entire eye (frozen): useful for electrolytes, ammonia, nitrates, and nitrites
Injection site (100 g, frozen): for identifying drug injection residues

Rumen, abomasal, and intestinal contents (1 kg, frozen): samples of rumen should be taken
from several locations; samples may be pooled from the same organ (eg, rumen) but not from
different parts of gastrointestinal tract.

Colon contents (1 kg, frozen)

Liver (200 g, frozen): biopsy from live animals is useful for evaluating metals, especially copper,
and selected organic compounds

Kidney (200 g, frozen)
Urine, if present (100 mL, half chilled, half frozen)

Data from Osweiler GD, Carson TL, Buck WB, et al. Diagnostic toxicology. In: Osweiler GD, Car-
son TL, Buck WB, et al., eds. Diagnostic and clinical veterinary toxicology, Dubuque, IA: Kendall
Hunt; 1985: 44-51 and Galey FD. Diagnostic toxicology for the food animal practitioner. Vet
Clin North Am Food Anim Pract 2000;16(3):409-21.
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constitute sublethal exposures to potential toxicants likely pushed multiple animals
over the edge. These examples, along with Figs. 1 and 2, show how discerning the
role of a given xenobiotic exposure in the etiology of observed livestock production
losses, including death, can be extremely challenging."

Integrating the Gold Standard with a Problems-Based Approach

The first article in the 2011 Ruminant Toxicology issue reviewed the gold standards for
diagnosing intoxications involving ruminants, with those standards summarized in
Boxes 1-3 in that article.? That information has been updated for this article in the cur-
rent Ruminant Toxicology issue, with Boxes 1-3 maintaining the same names and still
representing an extremely detailed, standardized roadmap for diagnosing ruminant in-
toxications. This traditional, rigorous diagnostic approach is especially valuable when
intoxications are most likely to be the sole cause of the observed clinical problems and
when large populations of ruminants are involved. These types of crises inevitably
initiate potential legal entanglements, possibly involving regulatory agencies, such
as the Food and Drug Administration and the Environmental Protection Agency,
and/or insurance companies, often taking years to resolve. Carefully detailed histories,
clinical signs, and analytical results remain essential to diagnosing those types of in-
toxications. The occurrence of toxic catastrophes, however, involving exposures to a
single toxicant, generally are becoming less common, and the types of toxic cases
addressed today often are different from those observed 20 years ago.? Time and
financial constraints, often in combination with owner attitudes and management fac-
tors, often limit the collection of essential samples and the performance of critical an-
alyses. This article addresses the integration of key aspects of the gold standard,
toxicant-focused, diagnostic approach with a problem list-based approach intended
to help identify any potential causes of livestock production losses, including those
possibly involving exposures to xenobiotics.

Developing a Production Mindset

Veterinarians providing services to livestock producers ultimately want to help their cli-
ents be financially successful. The general inclination of some livestock owners to use
veterinary services primarily on an emergency basis, however, runs counter to this
goal and the increasing need for producers to have a production mindset. A produc-
tion mindset, where veterinarians and extension personnel are utilized to help make
strategic, cost-effective management decisions, can address a variety of extrinsic
and intrinsic factors having a negative impact on a given production system. The
idea of livestock producers pursuing the standard diagnostic approach for suspected
intoxications, only when they are trying to establish third-party financial responsibility
for observed production losses, is not making full use of the wide range of services
veterinarians can provide to their clients. Chalking up decreased livestock perfor-
mance, morbidity, and mortality to simply bad luck or unproved presumptions of
cause, usually involving a lightning strike, carbohydrate overload, or bad feed, ignores
the likelihood that the root causality of an increasing number of negative health out-
comes most likely is multifactorial in nature.’

An Unfortunate Reality Check

If the unprecedented events of 2020 have taught anything, other than that cows repre-
sent a social distance generally greater than 6 ft and 2 calves usually represent a
similar distance, they have taught the potential financial impacts of extreme weather,
international trade issues, and an ongoing human pandemic on animal agriculture. The
challenges currently facing livestock production medicine require that veterinarians
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help lessen the financial losses and potentially facilitate a greater margin of profit for
their livestock producer clientele, under difficult financial circumstances, while
continuing to practice the quality of medicine that motivated them to become veteri-
narians in the first place. Suspected intoxications and decreased livestock production
efficiency, illness, and death of unknown etiology can be particularly time-consuming
and expensive.

DIAGNOSTIC GUIDELINES

As discussed previously, several articles have thoroughly reviewed traditional diag-
nostic approaches focused on intoxications, and there still are situations where all
of this information can be essential for the optimal outcome.?™ The information that
follows and the updated information in Boxes 1-3 are intended to integrate toxicology
with the other diagnostic ologies. It is hoped that, by facilitating the evaluation of mul-
tiple factors contributing to the clinical of the clinical signs being observed, appro-
priate management decisions can be made and suboptimal management practices
can be altered, thereby addressing the root causes of decreased livestock perfor-
mance and preventing illness and death in the future.”

How to Work-up a Suspected Intoxication or Ruminant Health Problems of
Unknown Etiology

For the first few years the author worked as a clinical veterinary toxicologist, the most
common emergency phone calls the author received pertained to the perceived
unique nature of working-up a suspected intoxication and the special requirements
of a toxicology necropsy. The first step in integrating the standard diagnostic
approach for suspected intoxications with the diagnosis of other causes of morbidity
and mortality requires some demystification of the diagnostic process when toxicant
exposures are possible or the etiologies remain unknown. The process of working-up
a suspected intoxication essentially is no different from working-up any other type of
case. Because of the relative costs of working-up an intoxication, it often is just as
important to rule out an intoxication as to confirm it.

Basic steps in the diagnostic work-up

e Collection of complete history and performance of a thorough physical
examination

Development of a problem list

DAMNIT analysis

Circumstances and clinical signs that are characteristic of an intoxication
Formulation of a list of differential diagnoses

Confirmation of EET and CCSs

Collection of Complete History and Performance of a Thorough Physical
Examination

The initial steps in the diagnostic process require a complete history and a thorough
physical examination. Box 1 is a summary of the type of historical information that
should be collected. Although this information is tailored for diagnosis of a suspected
intoxication, it also applies to other causes of limited performance, iliness, and death.?
Although somewhat subjective, the author has asterisked the information, which in his
experiences have yielded some of the most productive information, while not creating
too many red herrings. Box 2 summarizes a list of clinical signs that often are observed
in cases of suspected intoxications; however, clinical signs that could be consistent
with bovine respiratory disease complex also are included.? The clinical signs that
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the author has found to be most useful in developing a productive problem list or one
that is likely to result in an accurate diagnosis have been asterisked. Although again
this selection process is subjective, the clinical signs are ones that often are most
obvious and more objective in nature. For this issue, sudden death without premoni-
tory clinical signs has been added to Box 2. In many instances, death might be the
only clinical sign observed. Fig. 1 shows the potential for a variety of factors to
have a negative impact on neuroendocrine function, cardiovascular function, pulmo-
nary function, and metabolic function, ultimately resulting in systemic hypoxia and/or
depletion of ATP, both of which can be responsible for sudden and rapid death.
Whether premonitory clinical signs are observed or not observed in large part is a
function of the causality of the observed mortality and the level to which the animals
are monitored by owners and/or managers.

Development of a Problem List

The development of a problem list from certain aspects of the history (see Box 1) and
the observed clinical signs (see Box 2) is the key element in a problem list-based
approach to determining which types of disease processes might be involved as
well as what further diagnostic and therapeutic steps might be indicated.

DAMNIT Analysis

There are a variety of permutations of this acronym, but the author has borrowed this
acronym and has assigned the terms, degenerative and developmental; anomaly;
metabolic and mechanical; nutritional and neoplastic; infectious, inflammatory, im-
mune-mediated, and idiopathic; and toxic and traumatic, to describe the possible or-
igins of the noted clinical problems represented by these six letters. The author often is
left to NIT picking for the types of sudden death cases brought to his attention, most of
which can be narrowed down to nutritional, infectious, toxic, and traumatic causes.

Circumstances characteristic of an intoxication

e Sudden death/similar clinical problems/signs in MULTIPLE animals
Evidence of possible/confirmed exposure to common toxicants
Evidence of confirmed exposure to toxic dosage of a known toxicant
The exposure dosage does not have to be >median lethal dosage.
Clinical problems/signs consistent with those of a common intoxication
Remember that common intoxications happen commonly.
Recent change in diet or environment
Neighborhood feuds/love gone BAD
Signs of unknown etiology/other causes ruled out
Miscellaneous (just about anything)

Note: if toxic etiology appears unlikely, collect samples/change direction for now.

Formulation of list of differential diagnoses
An appropriate differential diagnosis for a given toxicant-induced clinical sign:
e Can be toxic or nontoxic in nature
e Has at least 1 target organ in common in the same species AND/OR
e Has at least 1 mechanism of action in common in the same species AND/OR
e Has at least 1 clinical problem/sign in common in the same species AND/OR
e Derived by DAMNIT for shared clinical problem(s)/sign(s) in the same species
AND/OR
e Common things happen commonly in susceptible species
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Common differential diagnoses for sudden death without premonitory signs

in cattle
e Grain overload

Lightning (requires a storm)

Gunshot (yes, this really occurs)

Neurotoxic/cardiotoxic plants

Cyanide intoxication

Nitrate/nitrite intoxication

NPN/urea/ammonia toxicosis

Inorganic arsenic from burnt CCA-treated lumber

Lead from automotive batteries or lead-containing paint (only if blindness

observed)

Organophosphate/carbamate insecticides

e Organochlorine insecticides (potential residue issues/might need to contact
state veterinarian)

Note: although some intoxications might NOT be associated with sudden death in a
given species, such as copper toxicosis in sheep and acute bovine pulmonary edema
and emphysema in cattle, the typical earlier signs of these common toxicoses might
not always be observed when animal supervision is limited.

Common differential diagnoses for blindness in cattle
e Polioencephalomalacia from lead intoxication, sodium ion intoxication/water
deprivation syndrome, thiaminase-containing plants, and excessive dietary
sulfur
e Hypovitaminosis A
e Listeriosis

Confirmation of Evidence of Exposure to a Toxicant and Consistent Clinical Signs

Some might argue that the author has taken a circuitous route to get to this point in the
discussion, and they might not necessarily be wrong, if the circumstances provide an
airtight case for a specific intoxication. There are too many examples of cases, how-
ever, where first impressions were not borne out by analytical results and where the
light of day, decent weather, a good night’s sleep, and firsthand conversations with
an individual and/or individuals who are most familiar with the real facts of the case
might have resulted in very different impression.

History

There is no doubt that knowledge of the actual circumstances and the realistic possi-
bility of exposure to known toxicants are essential steps in diagnosing a suspected
intoxication.?™* The temptation must be resisted, however, to base a diagnosis solely
on a history of exposure. The post hoc fallacy, as discussed in the first article of the
2011 issue on Ruminant Toxicology and translated from the original Latin, says, “After
the fact, therefore because of the fact.”? Often an issue or an event temporally asso-
ciated with illness or loss of animals is assumed to be causal when, in fact, this is not
the case. For example, a recent delivery of feed followed by sickness or death in a herd
often leads to the erroneous presumption that the feed has to be the source of the
problem, even though recent animal relocation, changes in feed or water sources,
acute infectious disease arising from recently introduced animals, or other information
was gathered from a thorough history, such as is outlined in Box 1.2°* An another
important factor to take into consideration is not only whether there has been
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exposure to a potential toxicant but also what was the estimated dose or dosage of
the exposure.

Critical historical information to collect?
e Owner data

Herd/flock health history

Environmental data

Patient data

Current clinical history

Changes in exposure

Diet and water sources

Clinical Signs

Like the history, the observed clinical signs are extremely important to the veterinary
clinician and toxicologist.>* Many intoxications are associated with a characteristic
toxidrome. It also is important to note the nature of the observed clinical signs and
their sequence of occurrence. Box 2 carefully outlines the types of clinical signs, which
should be noted. It is especially important to note whether sudden death without any
premonitory clinical signs has been observed any of the affected animals.?

Essential body systems to evaluate
e Sudden death without any premonitory clinical signs?
Neurologic
Cardiovascular/circulatory/hematologic
Respiratory
Gastrointestinal
Hepatic/metabolic
Renal/urinary
Reproductive
Dermal

Evidence of exposure to toxicant(s)
e Potential exposure of susceptible species to a given toxicant(s) as evidenced by
Recent history of unintended/intended exposure to product containing a given
toxicant
Use of product containing a given toxicant in a species for which the product is
not intended
Junk piles/burn piles near animals
Identification of potentially toxic plants/fungi to which animals have exposure
e Confirmed exposure to a given toxicant as evidenced by
Presence of toxicant, including toxic plant/fungi parts in rumen contents from
affected animal
A given toxicant observed on an affected animal, especially in or around its
mouth
Witnessed or intentional toxicant exposure
Observation of toxic plants eaten/mutilated by affected animals
Identification of toxic plant contamination of hays + being ingested by affected
animals
Detection of toxicants in appropriate matrices using a variety of analytical
techniques
e Confirmed exposure to enough of a given toxicant to cause clinical signs as evi-
denced by
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Determination that label instructions were not followed

Calculated exposure dosage of toxicant exceeds toxic/lethal dosage for
species

Chemical analyses confirming toxic concentrations of toxicant in appropriate
samples

Detection of toxic concentrations of specific mycotoxins/specific feed addi-
tives in feeds

e Miscellaneous circumstances
Other observations providing evidence of exposure to toxicant

Consistent clinical signs
e Characteristic toxidrome
Clinical signs/clinical problems that are typical of excessive EETs
Additional diagnostic testing procedures with typical test results for that
toxicant
e Characteristic clinical pathologic changes for toxicant
Specific clinical pathologic changes typical of excessive exposure to given
toxicant(s)
e Characteristic gross/microscopic pathologic changes for toxicant
List specific gross/microscopic changes typical of excessive exposure to
given toxicant(s).

Standard diagnostic testing procedures
e Clinical pathology (complete blood cell count, serum biochemistry panel, and
urinalysis)
Anemia, hemolytic changes, basophilic stippling, methemoglobinemia
Leukocytosis or leukopenia
Increased liver enzyme activities, bilirubin
Hypoglycemia or hyperglycemia
Hypoproteinemia or
Increased blood urea nitrogen, creatinine
Increased muscle enzyme activities
Serum electrolytes
Hematuria
Hemoglobinuria
Specific gravity
Crystalluria
e Anatomic pathology
Histopathologic evaluation of biopsies or samples collected during necropsy
examination
Examine half of brain, heart, lungs, liver, kidneys, gastrointestinal/reproduc-
tive/urinary tracts
Looking for changes consistent with characteristic toxidrome
Necropsy samples should be collected as soon as possible after death
Should be fixed in 10% neutral buffered formalin (NBF)
e Toxicology
If neurologic signs, half of brain, PLUS ALWAYS rumen contents, ocular fluid,
liver, kidney
Testing rumen content pH can be a quick way to determine rumen acidosis or
alkalosis.
Ocular fluid routinely is tested for nitrate/nitrite, ammonia, sodium, calcium,
and magnesium.
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Half of brain can be tested for sodium or acetylcholinesterase activity.

Whole blood for lead and acetylcholinesterase activity

Serum from blood collected in royal blue—top vacutainer tube for metals

Cerebrospinal fluid, adipose tissue, and urine also can be submitted as
deemed necessary.

Feed samples, source materials, and baits

Water samples, especially for cyanobacterial toxins

o Tissues and gastrointestinal contents should be fresh/refrigerated/frozen.

o Do not send samples for toxicology testing if fixed in 10% NBF.

o Ocular fluid and serum can be refrigerated or frozen, but do not freeze whole
blood.

o Recommended chromatographic analyses: rumen contents (most important
in acute deaths), liver, and kidneys tested using gas chromatography (GC)-
mass spectrometry (MS) AND liquid chromatography (LC)-tandem MS (MS/
MS) methods for detecting nonpolar (GC-MS) and more polar organic com-
pounds (LC-MS/MS), including many environmental contaminants, pesti-
cides, veterinary drugs, plant toxins, and mycotoxins

o Recommended inductively coupled plasma-optical emission spectroscopy
or MS: serum (collected in royal blue-top tube), liver biopsies, liver, kidney,
or source material for multiple metals

e Digitized images

Digitized images of gross necropsy findings, rumen contents, suspected
source material, and potentially toxic plants and harmful algal blooms should
be captured and stored, especially for legal/insurance/regulatory cases and
for field necropsy cases

e Microbiology, virology, serology, and molecular diagnostics as deemed
necessary
e Radiographs and ultrasound, as deemed necessary

Necropsy/Postmortem Examinations

Loss of 1 or more animals in a herd or a single animal at risk is an excellent opportunity
to gain additional information critical to diagnosing the cause of death in ruminant spe-
cies. This type of examination also can help enhance the antemortem diagnosis and
treatment of the other animals in the herd/flock.?™ It always is a good idea to have
dead animals necropsied as soon after death as possible, especially during the heat
of summer. If multiple animals die over a short period of time, a good rule of thumb
is to consider necropsying at least 1 animal for every 5 animals that have died. This
is important especially in legal cases and/or insurance claims or circumstances
involving state or federal regulatory agencies. The samples to collect for toxicology
testing are outlined in Box 3, with the most important asterisked. Depending on the
circumstances, it might be advisable to consider sending the entire bodies of
deceased ruminants or the collected and properly preserved samples from these an-
imals to a veterinary diagnostic laboratory accredited by the American Association of
Veterinary Laboratory Diagnosticians.

Note: the bare essential tissue samples to collect for diagnostic testing from ANY
necropsy are brain, especially if there are neurologic signs: rumen contents, ocular
fluid, liver, and kidney. If rabies is plausible, this testing should be completed before
proceeding ANY further with the examination. If infectious disease is suspected,
appropriate samples corresponding to the suspected sites of infection should be
collected.
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SUMMARY

The author has taken seriously his responsibility for writing this important article. The
most critical information from the first article in the 2011 Ruminant Toxicology issue
largely has been left intact in Boxes 1-3 of this article, so that this information con-
tinues to be readily available, in order to provide the needed guidance for the specific
types of cases for which it was originally intended.? The balance of this article de-
scribes the types of multifactorial cases increasingly encountered by veterinarians,
with diagnostic guidelines provided that are meant to explain how collection, proper
preservation, and submission of the samples described can be used to confirm a sus-
pected intoxication and to help elucidate the etiology of observed ruminant production
losses, including those that involve animal iliness and/or death.
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