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In many dairy industries, but particularly those that are pasture-based and have seasonal

calving, “surplus calves,” which are mostly male, are killed at a young age because they

are of low value and it is not economically viable to raise them. Such calves are either

killed on farm soon after birth or sent for slaughter at an abattoir. In countries where

calves are sent for slaughter the age ranges from 3-4 days (New Zealand and Australia;

“bobby calves”) to 3-4 weeks (e.g., Ireland); they are not weaned. All calves are at the

greatest risk of death in the 1st month of life but when combined with their low value,

this makes surplus calves destined for early slaughter (i.e., <1 month of age) particularly

vulnerable to poor welfare while on-farm. The welfare of these calves may also be

compromised during transport and transit through markets and at the abattoir. There

is growing recognition that feedback to farmers of results from animal-based indicators

(ABI) of welfare (including health) collected prior to and after slaughter can protect animal

welfare. Hence, the risk factors for poor on-farm, in-transit and at-abattoir calf welfare

combined with an ante and post mortem (AM/PM) welfare assessment scheme specific

to calves <1 month of age are outlined. This scheme would also provide an evidence

base with which to identify farms on which such animals are more at risk of poor

welfare. The following ABIs, at individual or batch level, are proposed: AM indicators

include assessment of age (umbilical maturity), nutritional status (body condition,

dehydration), behavioral status (general demeanor, posture, able to and stability

while standing and moving, shivering, vocalizations, oral behaviors/cross-sucking,

fearfulness, playing), and evidence of disease processes (locomotory ability [lameness],

cleanliness/fecal soiling [scour], injuries hairless patches, swellings, wounds],

dyspnoea/coughing, nasal/ocular discharge, navel swelling/discharge); PM measures

include assessment of feeding adequacy (abomasal contents, milk in rumen, visceral

fat reserves) and evidence of disease processes (omphalitis, GIT disorders, peritonitis,

abscesses [internal and external], arthritis, septicaemia, and pneumonia). Based on
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TABLE 3 | Examples of animal-based-indicators, their key features and published studies that used these indicators in a scoring system.

Animal-based indicator (ABI) Key features of ABI Example of study using this ABI in a scoring system

Age/maturity Umbilical cord characteristics Hides and Hannah (104)

Demeanour Inquisitiveness, responsiveness, posture, suck reflex Barry et al., (68)

Body condition Subcutaneous adipose reserves, sunken/hollow flanks Renaud et al., (67)

Stability Unassisted standing/tremor Barry et al., (68)

Shivering Shaking slightly and uncontrollably Bellows and Lammoglia (126)

Injuries Skin lesions Jorgensen et al., (127)

Locomotory ability Lameness, joint swelling, contracted tendons Renaud et al., (67)

Cleanliness Faecal soiling of the hair coat Barry et al., (68)

Dehydration Enophthalmos, skin tenting Renaud et al., (67)

Nasal/ocular discharge Excess/abnormal discharge Renaud et al., (67)

Respiration Breathing characteristics Ministry for Primary Industries (48)

Umbilical abnormalities Umbilical heat/pain/swelling Renaud et al., (67)

Body temperature Rectal temperature Mahendran et al., (128)

FIGURE 1 | Injection site swelling under the skin on the shoulder.

condemned due to digestive tract disorders (recorded PM)
presented with severe diarrhea AM.

• Dehydration

The hydration status of a young calf should not be obvious
unless the calf is dehydrated, as the calf will appear normal.
However, dehydration is not uncommon in calves transported
for long distances with an inadequate water supply. Dehydration
(commonly due to diarrhea but also peritonitis and prolonged
inadequate fluid intake) can be diagnosed visually by the degree
of enophthalmos (recession of the eyeball into the eye socket),
(Figure 4) skin tent test and capillary refill time (101). With
the skin tent test the skin over the thorax is raised and the
return time measured; <2 s indicates the calf is <5% dehydrated
(normal) while>5 s indicates a calf is>10% dehydrated (obvious
dehydration), (67).

• Nasal, ocular discharge

FIGURE 2 | Abscess under the skin in the neck of a young calf.

The presence of a nasal (Figure 5) and/or ocular discharge
(Figure 6) (usually bilateral) indicates upper respiratory tract
infection. Respiratory tract infections reflect both the infectious
challenge from the calf ’s environment (e.g., poorly ventilated
housing) and the livestock in a common air space (especially
where there is overcrowding or older stock are present). The
nature (e.g., nasal discharge–serous, cloudy, mucopurulent,
purulent) and extent of the discharge may indicate the severity
and chronicity of such infection. Rarely, nasal discharge with
milk may indicate palatoschisis.

• Respiration

While the normal respiratory rate is approximately 10–30 bpm
(129), this is affected by numerous factors such as recent
exercise, transport, ambient temperature and time of day.
Pathological factors which can elevate respiratory rate include
lower respiratory tract disease and pain. Calves should not
normally pant [>36 breathes per minute, counted over a 20 s
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FIGURE 3 | Perineal fecal soiling in a calf with diarrhea.

FIGURE 4 | Enophthalmos (sunken eye) in a calf with dehydration.

period as per (48)] or spontaneously repeatedly cough (Figure 7)
so the occurrence of either indicates respiratory compromise.

• Umbilical abnormalities

FIGURE 5 | Nasal discharge in a calf with respiratory tract infection.

FIGURE 6 | Ocular discharge in a calf.

Common abnormalities of the umbilicus such as infection (navel-
ill/omphalitis) and/or umbilical herniation are best detected by
palpation (Figure 8) rather than just relying on observation.

• Rectal temperature
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FIGURE 7 | Coughing calf with respiratory disease (Animal Health Ireland).

FIGURE 8 | Infection of the umbilicus (navel ill).

In calves where visual inspection suggests an infectious process
(e.g., navel-ill, joint-ill, pneumonia, diarrhea, etc.), (or possibly
hypothermia), measurement of rectal temperature is warranted.
In the normal young calf this will be <38.5◦C (128) but, recent
transport and exercise may elevate normal rectal temperature.

Following this systematic examination it is possible to
establish if the calf is healthy, its approximate age, whether it
has been adequately fed, and whether it is suffering from injuries,
infections or congenital defects. Thus, each calf can be scored on
its health and welfare status prior to slaughter.

Post-mortem
As with the AM inspection, the PM inspection is at the
animal level. PM indicators may confirm findings from the
AM indicators or add additional information about the calf ’s
nutritional, infectious, injurious or developmental status not
detectable from the AM evaluation.

Unlike a necropsy, where a more forensic approach is taken
to investigate the carcass, abattoir carcass inspection is subject
to the limitations of the conditions under which it is conducted.

FIGURE 9 | Infection in and around the umbilicus (omphalitis).

These include limited inspection time per carcass, the skin and
musculoskeletal system separated from the viscera, a moving
carcass or viscera line and no control over carcass opening
and inability to collect confirmatory samples. Additionally any
artifactual changes introduced by the method of killing and
hanging the carcass need to be considered when evaluating the
carcass for abnormalities.

Salient ABI detectable at PM calf inspection, their links
to farm management and relevance for calf welfare are
outlined hereunder.

• Umbilical disorders

Omphalitis is an infection of the umbilicus (Figure 9) that may
be localized to the umbilicus or track up along the umbilical
arteries to the bladder and pelvis or along the umbilical vein
to the liver causing secondary site infectious foci. This has
serious welfare implications for the affected calf due to chronic
pain and resultant ill thrift. There are numerous on-farm
risk factors for such infections, including umbilical antisepsis,
colostrum management and feeding practices (and associated
passive transfer) and general hygiene practices (93, 94).

• Lung disorders

Pneumonia and pleurisy are the most common visible lesions in
calves with lung disorders (Figure 10). These reflect inadequate
diagnosis and/or therapy of respiratory disease, usually on a
group basis as well as a myriad of on-farm calf management
and housing practices (44, 83, 130). Where pulmonary lesions
are detected at PM inspection it is likely there are other sub-
clinically affected calves in the same environment also with
compromised welfare.

• Abomasal contents and disorders

Incision of the abomasum (subject to abattoir meat inspection
SOPs) reveals how recently the calf was fed and what it was
fed. Normally the abomasum should contain variably formed
rennin curd and whey (Figure 11) though there may be evidence
of oral electrolyte administration (depending on the color of

Frontiers in Veterinary Science | www.frontiersin.org 10 April 2021 | Volume 8 | Article 645537

https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/veterinary-science#articles


Boyle and Mee Abattoir Based Calf Welfare Scheme

FIGURE 10 | Pneumonia and pleurisy in a calf with respiratory infection.

the electrolyte product). The latter reflects recent therapy for
dehydration, e.g., calf diarrhea. Given that the median time
for complete abomasal emptying is 1.5 days (131), an empty
abomasum suggests the calf was not fed recently. While absence
of abomasal curd may rarely reflect abomasal dysfunction
resulting in failure of curd to form (132) or the use of non-
clotting (usually whey-based) milk replacers (133), whey would
still be present if the calf was fed recently. Post-mortem
examination alone cannot distinguish between these underlying
causes, but the absence of curd prompts questions about the
feeding practices used on-farm. Inspection of the abomasum
can also reveal mucosal pathologies (oedema, hemorrhages, and
ulceration of varying degrees including penetrative with localized
or generalized peritonitis). Bedding material may be found in the
abomasum from about a week of age and occasionally hair balls
(tricholiths), abomasal bloat, or torsion may be found in older
calves. Abomasal disorders in young calves are a reflection of both
suboptimal feeding management (particularly with automatic
milk/milk replacer feeders) and poor hygiene of the calf ’s feeding
environment (134).

• Intestinal contents and disorders

Enteritis is the most common lesion found in the calf ’s intestines
though congenital defects (e.g., intestinal or anal atresia or
stenosis) are found occasionally. Enteritis is visible as fluid-filled
contents with variable congestion of the intestinal serosa and
mucosa and enlargement of the intestinal lymph nodes. Thomas
and Jordaan (47) reported that the majority (96%) of calves
that died pre-slaughter and were diagnosed with digestive tract
disorders (usually without macroscopic enteritis) PM presented
with severe diarrhea on arrival at the slaughterhouse. Calf
diarrhea (enteritis) is caused by infections (e.g., cryptosporidia,
coccidia, rotavirus, etc.) the calf picks up from its environment,
and its inability to protect itself against these common agents
(i.e., its immune status). Thus, the presence of enteritis reflects
both inadequate colostrum management and/or an excessive
infectious challenge in the calf ’s environment. Enteritis is a

FIGURE 11 | Well-formed curd in the abomasum of a young calf.

painful, debilitating condition causing ill thrift and seriously
compromising calf welfare.

• Fat reserves

Fat reserves can be assessed from the perirenal, epicardial,
mesenteric, intrapelvic (brown fat—required for non-shivering
thermogenesis) and subcutaneous (white fat) deposits. In cases
of catabolism, reserves may be visibly depleted from about 2
weeks of age indicating either under-feeding and/or a debilitating
process, e.g., infection. Fat color varies with breed, e.g., more
yellow in Jerseys (135).

• Rumen contents and disorders

In younger calves, the presence of milk in the rumen is cause for
concern (47). Milk in the rumen of calves <1 month old reflects
failure of the esophageal groove to close properly and to deliver
milk directly into the abomasum. Some calves have a poorly
functioning esophageal groove (136), potentially explaining this
finding, but feeding of the calves via an esophageal feeder [as
described by Chapman et al. (137)] prior to transport to the
abattoir may also cause this to occur. In some calves (“rumen
drinkers”) an excessive, acidic/sweet smelling, milk volume is
present in the rumen. This is found in calves which are repeatedly
and/or over-fed using an oro-gastric feeder (“stomach tube”)
such as when they fail to suck adequately.

• Peritonitis

Infection of the abdominal peritoneum is usually secondary to
a primary infectious focus elsewhere, e.g., umbilicus or liver
or it may be part of a generalized infection, e.g., sepsis. It
may be localized or extensive depending on the chronicity and
severity of the infection and can vary from serous to fibrinous
to purulent (Figure 12). Detection of such severe pathology at
the PM inspection reflects inadequate management of diagnosis
and therapy. Peritonitis is a painful condition indicating severe
welfare compromise.
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FIGURE 12 | Purulent peritonitis in the abdomen of a calf.

FIGURE 13 | Sepsis affecting the thorax and abdomen of a calf.

• Septicaemia

Infection that has spread to multiple organs (sepsis) may
be detectable from the congested appearance of these
organs (e.g., lungs, liver, intestines, spleen, kidneys), and
associated lymph nodes and the presence of fibrin deposits
(Figure 13). The presence of sepsis at PM inspection
reflects overwhelming infectious challenge from the calf ’s
environment and/or compromised immune status and severely
compromised welfare.

• Arthritis

As arthritis is an extremely painful condition (138) it reduces
calf welfare. It most commonly reflects poor environmental
hygiene and/or poor perinatal umbilical/colostral management
and consequent joint infection by opportunistic environmental
pathogens. It can also be caused by the presence of specific
primary pathogens, e.g., Mycoplasma bovis, in the herd (139)

FIGURE 14 | Joint ill causing swelling of the carpus in a young calf.

FIGURE 15 | Infection in the hip joint (arthritis) in a calf.

which may be transferred to calves through colostrum, waste
milk or environmental contamination. Relying on detection of
lameness and joint swelling in the live animal underestimates
the presence of arthritis in young calves (47). However, arthritis
cannot be detected PM unless joints are routinely incised, except
in cases with obvious joint swelling, discharge or other signs of
infection. While these signs may be obvious in lower limb joints
(Figure 14) they may be more difficult to detect in the upper limb
(Figure 15) and spinal joints. Thomas and Jordaan (47) found
that arthritis most commonly affected the tarsal joints.

• Fractures

Fractures are rare in young calves but can occur following
traumotocia or postparturient accidents in the ribs, limbs or
mandible. They may occur on-farm or during transport where
theymay reflect unsuitable transport conditions or mis-handling.
They obviously seriously impair calf welfare.
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• Abscesses

Foci of infection (abscesses) may occur in any organ internally or
externally. Externally, they are likely to result from trauma, poor
injection or tagging technique or umbilical infections. Internally,
they may result from systemic infections or localized infections,
e.g., in the liver or lungs or in the neck from esophageal
rupture following faulty oro-esophageal feeding technique.While
internal abscessation is not possible to diagnose specifically,
affected calves may show signs of non-specific ill-thrift with poor
body condition. Where multiple calves in a batch have abscesses
at the same site, e.g., injection site in the neck, this indicates poor
technique with resultant localized pain and reduced welfare.

CALF AM/PM WELFARE SCHEME

Validation of ABIs
None of the ABIs outlined above are validated for use in a
routine AM/PM scheme for surplus, unweaned calves. Indeed,
validity is arguably the most important consideration, such
that the chosen ABI reflect calf welfare on farm, during
transport and pre-slaughter as intended [(31, 140)]. It is also
important that the ABIs are repeatable in terms of producing
the same result for repeated observations of the same animal
by the same and different observers. For example, Teixeira
et al. (141) found a significant effect of meat inspector shift
on reasons for carcass condemnation. Standardized recording
systems can help such as the calf health scoring chart developed
by The University of Madison-Wisconsin School of Veterinary
Medicine (https://www.vetmed.wisc.edu/fapm/svm-dairy-apps/
calf-health-scorer-chs/) which several authors employed for
calves at veal auctions [e.g., (67, 84)]. The associated APP
allows scoring of clinical signs on a four-point scale related to
respiratory disease (142), diarrhea (143), and navel and joint
inflammation (144). As all of these are relevant to slaughter
calves, it could be modified for AM use.

Importantly, the ABIs also need to produce consistently
reliable results across observations of different animals and they
need to be feasible in terms of speed and cost (145). Clearly,
they should not compromise normal operating procedures and
in this respect consultation with stakeholders is critical (146).
Other practical considerations such as the degree of automation
of the abattoir, the line speed, and the amount of variation
in the training and experience of the veterinary inspectors are
also important.

Feedback of Data
Ultimately, data collected on ABI relevant to calf welfare in the
abattoir whether as part of routine veterinary surveillance or
by more comprehensive welfare audits should be provided to
farmers so that they can benchmark themselves against their
peers and to inform animal management plans (33). Toward this
end, education of farmers on calf care was identified as a critical
finding of a recent needs analysis of male dairy calf marketing
(106). By providing farmers with better access to their own data,
animal welfare is improved (147, 148). The latter authors found
that benchmarking encouraged farmers to make changes to their
calf management practices by identifying areas needing attention

and promoting discussion about best practices. However,
abattoir-based findings on calf welfare are also of interest to cattle
veterinarians who play a central role in improving youngstock
management on-farm through effective communication of best
practice recommendations (149)]. In addition, one needs to be
cognisant of the possible divergence in opinion between farmers
and stakeholders regarding prioritization of animal welfare issues
(150). Other relevant stakeholders include national governmental
and non-governmental public-good animal health and welfare
organizations, quality assurance schemes and/or retailer groups.
This raises issues about confidentiality and data sharing which
can be contentious. Ultimately, national benchmark data on
findings need to be generated and disseminated to demonstrate
temporal and regional trends in progress toward improved ABIs
included in the AM/PM calf welfare scheme.

CONCLUSIONS

The most important outcome from this review is the proposal,
for the first time, of an abattoir-based AM/PM calf welfare
scheme. This scheme in conjunction with a positive feedback
loop would ensure critical calf welfare-associated information
is communicated to on-farm decision makers and off-farm key
stakeholders with the common purpose of improving the welfare
of surplus dairy calves destined for early slaughter. This proposal
is set within the unique concerns regarding the welfare of surplus
dairy calves internationally and the context of existing similar
schemes in other species. Such schemes can be used to identify
and remediate farms with poor animal welfare and provide real-
time and trending industry benchmark data on animal welfare,
critical to quality assurance schemes. An abattoir-based AM/PM
calf welfare scheme will ultimately provide the evidence-base
to protect and enhance dairy industry’s reputation amongst
increasingly animal welfare-conscious consumers.
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