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Abstract

Calves sold at weaning are the main source of income for cow-calf operations, and their sur-
vival should be a priority. Given this, the effective use of management practices for pregnant
dams and calves to prevent calf mortality is essential; however, decision-makers often do not
have access to information about the effectiveness of many management practices. A systematic
review was conducted to summarize the evidence of the effectiveness of biosecurity, vacci-
nation, colostrum management, breeding and calving season management, and nutritional
management practices for preventing preweaned beef calf mortality. The population of interest
was preweaned beef calves from birth until at least 3 months of age. The outcome of interest
was general preweaning calf mortality with stillbirths excluded. Eleven studies were deemed
relevant. Ten were observational cross-sectional studies, and one was a randomized controlled
trial (RCT). The practices that were statistically significantly associated with calf mortality were
intervening with colostrum in case a calf had not nursed from its dam or was assisted at calv-
ing, timing and length of the calving season, and injecting selenium and vitamin E at birth.
More well-executed RCTs and cohort studies are needed to provide evidence of effectiveness
and help support implementation of recommended practices in herds.

Introduction

On cow-calf operations, calves sold at weaning are producers’ main revenue source (Chenoweth
and Sanderson, 2005). Therefore, ensuring calf survival during the preweaning period is eco-
nomically essential. In western Canada, 25% of herds had 2.8% and 5.3% calf mortality from
24 hours after birth until weaning in calves born from cows and heifers, respectively (Waldner
et al., 2019). Calf mortality is associated with calf morbidity in herds, meaning that calves
that get sick have higher odds of dying (Busato et al, 1997; Ganaba et al., 1995; Motus
et al., 2018; United States Department of Agriculture Animal and Plant Health Inspection
Service Veterinary Services National Animal Health Monitoring System, 2021). The two most
important causes of morbidity before weaning are neonatal calf diarrhea (NCD) and bovine
respiratory disease (BRD) (Murray et al., 2016; Pearson et al., 2019a; Waldner et al., 2013).
Given this, evidence-informed health management is essential to ensure that the recommended
practices are being used in herds to prevent disease and thus minimize mortality.

Direct disease control practices target disease by minimizing the contact between pathogens
and hosts and enhancing antigen-specific immunity (Brandt et al., 2008; Thrusfield and
Christley, 2018), for example, vaccination and biosecurity (Chenoweth and Sanderson, 2005;
Tizard, 2021). Indirect disease control practices manage factors that trigger disease. An exam-
ple is reducing stress by using non-abrupt weaning methods (Griebel et al., 2014; Hulbert and
Moisa, 2016; Moggy et al., 2017). Furthermore, various management practices are known to
impact calf morbidity and mortality by mitigating or exacerbating the risk of these outcomes.
For example, introducing more than 10 bulls was associated with an increased risk of BRD out-
breaks (Wennekamp ef al., 2021), and theoretically, based on feedlot cattle, quarantining these
animals could have decreased the risk (Santinello et al., 2022).

There is a scarcity of evidence to guide health management recommendations for beef herds
to prevent calf mortality. The effectiveness of practices has been mostly studied and reviewed
for dairy calves (Dubrovsky et al., 2019; Godden, 2008; Olson et al., 1980; Robison et al,
1988; Windeyer et al., 2014) and feedlot cattle (O’Connor et al., 2019). Differences in these
production systems do not allow for direct extrapolation of results to beef cow—calf operations.
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Therefore, there is a knowledge gap regarding the recommended
practices to use in beef cow-calf herds, and the existing informa-
tion has not been previously summarized. This leads to the overall
question: What is the effectiveness of management practices to
prevent beef calf mortality during the preweaning stage?

The objective was to assess and summarize the evidence regard-
ing the effectiveness of disease control strategies in preventing calf
mortality in beef cow-calf herds. A secondary objective was to
assess the generalizability of this evidence to cow-calf operations
in western Canada.

Materials and methods

This study was informed by O’'Connor and Sargeant’s articles on
conducting systematic reviews in veterinary medicine (O’Connor
et al., 2014; O’Connor and Sargeant, 2014; Sargeant et al., 2014a,
2014b; Sargeant and O’Connor, 2014). It is reported according to
the guidelines for preferred reporting items for systematic reviews
and meta-analyses (PRISMA 2020s) (Page et al., 2021).

Protocol and registration

Before the systematic review was conducted, a protocol was devel-
oped following the PRISMA-P guidelines (Moher et al, 2015). It
was published in the Digital Repository of the University of Calgary
(https://prism.ucalgary.ca) and online with Systematic Reviews
for Animals and Food (http://www.syreaf.org/) (Sanguinetti et al.,
2021). After this publication, minor amendments were made,
mostly related to the risk of bias (ROB) assessment (Supplementary
material 1).

Eligibility criteria
The eligibility criteria were specified for the population (P), inter-

vention (I), comparators (C), outcome (O), and study design (S)
(O’Connor et al., 2014).

Population

The population of interest was preweaned beef calves. Bos taurus or
Bos indicus and their hybrids were included. Studies that described
postweaning beef calves, feedlot, stocker, veal, dual purpose, or
dairy animals were excluded.

Interventions and comparators

The interventions of interest were biosecurity and biocontainment,
vaccination, colostrum management, breeding and calving season
management, and nutritional management practices. These prac-
tices could be applied to pregnant dams or preweaned beef calves.
Studies were required to have a concurrent comparison group (e.g.
placebo or alternate management practice).

Outcome

The outcome of interest was general mortality, which included all
calf deaths regardless of the cause. Studies were included if they
explicitly removed stillbirths and assessed calf mortality for at least
the three first months of life.
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Study designs and report characteristics

Randomized and non-randomized controlled trials (RCTs and
CTs) and observational studies reporting naturally occurring dis-
eases were included. The studies were required to statistically assess
the relationship between a management practice and calf mortal-
ity. The full text had to be written in English and published in a
peer-reviewed journal or thesis.

Information sources

The electronic databases used for the literature search were CAB
Abstracts, MEDLINE on the Ovid platform, Web of Science, and
ProQuest Dissertations. The initial searches were carried out on
the same day (20 May 2021) and updated (5 April 2023) to
include recent publications (Supplementary material 2). Search
results were imported into the software Covidence (Veritas Health
Innovation, Melbourne, Australia), and the software removed
duplicates. A reference list from other reviews was checked to
ensure the search strategy was accurate (Chamorro and Palomares,
2020; Theurer et al., 2015). Four additional studies were manu-
ally included (Gamsjéager et al., 2023; Makoschey et al., 2008, 2001;
Schreiber et al., 2000).

Search strategy

The search strategy was performed in the databases using con-
trolled vocabulary terms and keywords related to beef cattle, calves,
and a list of diseases and pathogens of interest by a librarian with
experience conducting systematic searches (H.G.). No language
nor time restrictions were applied during the electronic database
search.

Screening and selection process

Studies were screened in two stages by two independent review-
ers. Before starting each stage, the process was pre-tested to
ensure both reviewers understood the screening criteria (detailed
in Supplementary material 3). During the first stage, titles and
abstracts were screened. Signalling questions were used to guide
this process. During the second stage, full texts were screened.
Reviewers could classify studies as to “include” or “exclude” from
the review. Conflicts during both stages were resolved through
discussion between reviewers. If necessary, a third reviewer was
included (Dohoo et al., 2009; Dubrovsky et al., 2019; Sargeant and
O’Connor, 2020).

Data collection process

Two independent reviewers extracted the data from studies
included in this review using pre-tested tables in Microsoft Excel
(Microsoft Corporation, Redmond, WA, USA). During this stage,
studies were anonymized by using a numeric code (Table 1).
Information was extracted at the study level (e.g., authors, year of
publication, study design, mortality risk or rate) and the practice
assessment (PA) level. Practice assessment refers to the statisti-
cal assessment between individual practice and the outcome of
interest. Each PA was identified using an alphanumeric code in
accordance with the numeric code given to each study (Table 2;
Supplementary material 7). Significant statistical associations or
effects were considered if P < 0.05. Statistically significant asso-
ciations (A) or no statistically significant associations (NA) were
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the terms used to describe the findings of PAs from observa-
tional studies. Statistically significant effects (E) or no statisti-
cally significant effects (NE) were the terms used to describe
the findings of PAs from RCTs and CTs. Results from univari-
able analyses were preferred to those from multivariable ones
if both were reported, given concerns about a lack of indepen-
dence among practices. If the effects of a PA were isolated from
multivariable models, other variables included in the model were
noted. Results were preferably extracted from tables. However,
given concerns regarding the precision and validity of these
estimates, the focus was on the directionality of results (i.e.,
protective or harmful) rather than the effect estimate. Conflict
among reviewers was resolved in the same way as described
previously.

Risk of bias

The ROB assessment was done at the PA level. Practice assessments
from RCTs and CTs were evaluated using the Rob2 tool (Sterne
et al, 2019), as described in the Cochrane Review Handbook
for Systematic Reviews of Interventions (Higgins et al., 2024).
The ROBINS I tool was used to evaluate practice assessments
from observational studies (Sterne et al., 2016). A few signalling
questions were modified to be applicable in veterinary medicine
(Sargeant and O’Connor, 2014), and the details are shown in
Supplementary materials 4 and 5.

Data synthesis

The evidence regarding general calf mortality was summarized
using a narrative structure, while evidence regarding NCD and
BRD-specific morbidity and mortality (Part 2) are reported else-
where (Sanguinetti et al., 2025). Firstly, a summary of findings table
was compiled for all PAs. If the body of evidence for a specific prac-
tice included three or more PAs from at least three different studies,
a GRADE approach was used to assess the certainty of the findings
(Schiinemann et al., 2013) (Supplementary material 6). This assess-
ment evaluated consistency among the direction of findings across
studies (i.e., beneficial or harmful), comparability of practices and
comparison groups, as well as if the geography and production con-
ditions in which the studies were conducted were comparable to
those of cow—calf operations in western Canada.

Results

The search strategy identified 4942 relevant studies of which 1480
duplicates were deleted. This left 3462 studies that underwent
title and abstract screening, and 3247 were excluded during this
stage. The remaining 215 studies were eligible for full-text screen-
ing, and 198 were subsequently excluded (Figure 1). In total,
25 studies were retained for Parts 1 and 2 of this systematic
review.

Eleven studies were deemed relevant for the general mortal-
ity review (Part 1). These included one RCT and ten observa-
tional cross-sectional studies (Table 1). Eight took place in North
America (USA and Canada), one in Europe (Estonia), one in Asia
(Japan), and one in South America (Brazil). Seven out of eleven
studies reported a specific case definition for mortality. The num-
ber of practices assessed in relation to mortality by each study
ranged from 1 to 19, and the outcome of each practice assessment
is detailed in Table 2 and Supplementary material 7.
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Practices with statistically significant effects or associations
reported

Colostrum practices

Three out of four PAs found that criteria used to intervene with a
colostrum management strategy affected calf mortality (A: 4a, 4b,
4c; NA: e (Table 2)). Checking the fullness of the udder impacted
the calf mortality risk from 1 to 7 days of age; herds that used
this criterion had 0.7% lower mortality than those that did not
(P = 0.01) (4c). Also, intervening with colostrum consumption
for calves that required assistance at birth had a similar impact;
herds that used this criterion had 0.8% less mortality than those
that did not (P = 0.02) (4a). Herds that intervened with colostrum
in the case that colostrum was abnormal had 1.9% higher mor-
tality than those who did not (P = 0.001) (4b). Regardless of
the criteria used to intervene, the findings concerning the tim-
ing to implement a colostrum management strategy (e.g., 4 hours,
12 hours after birth) (6a and 9a), the source of colostrum used
to intervene (e.g., dairy) (1 £, 6b, and 6¢), and the methods used
to administer colostrum (e.g., using an esophagus tube) (1 g,
1 h, and 9a) did not show an impact on the odds nor rate of
calf mortality (Supplementary material 7). In contrast, PA 1la
reported that requiring intervention with colostrum consumption
was associated with higher odds of mortality in calves (P < 0.0001,
Table 2). The certainty of the evidence for colostrum practices
could not be assessed, given the differences in the practices
evaluated.

Timing of the calving season

Three out of four PAs reported a significant association between the
timing of the year when calving took place and mortality (A: 2c, 4d,
5a; NA: 6¢e (Table 2)). These studies were all conducted in North
America. Early calving herds had a 1.4 times higher incidence of
mortality than those calving later (PA 2c). The mortality was 0.7%
lower when the calving started in April (later) compared to January
or February (earlier) (P = 0.02) (4d). Herds who calved earlier
(January/February) had higher preweaning mortality (P = 0.02)
for calves born to cows (1.9%) compared to later (March to May)
calving herds (1.8%); however, this association was not detected
for heifers (5a). The GRADE approach was used to assess the cer-
tainty of these findings, and it was determined that certainty was
low (Table 3). Furthermore, two other studies assessed the propor-
tion of calvings during each season as it related to calf-level out-
comes and found similar results. For example, calf mortality was
significantly lower in herds with a higher proportion of calvings
in summer (June, July, and August) compared to those in autumn
(September, October, and November), spring (March, April, and
May), and winter (December, January, and February) (P < 0.001)
(1a, 1b, 1c, and 1d). Also, calves born in winter and autumn had
significantly higher odds of mortality than calves born in summer.
There was no significant difference in mortality between sum-
mer and spring born calves (8a). However, comparisons between
these two studies should be made cautiously, given that herd-
level mortality was reported in one study (la, 1b, 1c, and 1d)
and calf-level mortality in the other (8a). The PAs are reported in
Table 2.

Length of the calving season

Two of four PAs that evaluated the length of the calving sea-
son found that it impacted calf mortality (A: 4e, 3b; NA: laa,
2b (Table 2)). The longer the calving season, the higher the mor-
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Studies from databases/registers
(number of studies (n) = 4942)

}

Title and abstract
Non-duplicated studies screened
(n =3462)

}

Inclusion/exclusion criteria
(n=1480)
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Studies excluded (n = 3247)

;

Full-text
Studies assessed for eligibility
(n=215)

I

Inclusion/exclusion criteria

}

Studies relevant for Parts 12 and

Studies excluded (N = 190)
Other (n=9)

No full text available (n =31)

Not written in English (n = 21)
Inappropriate study design (n=7)

Not the population of interest (n = 14)
No appropriate comparison group (n = 6)
Not naturally occurring disease (n = 2)
Not a primary source of evidence (n=7)

b : =
2° of the review (Il 25) Not the interventions of interest (n = 16)
l Inadequate time frame of the outcome (n = 32)

Outcome does not include clinical data (n = 16)

Studies included Part 1

Cannot isolate population of interest from pooled data (n = 10)
No association between intervention and outcome of interest (n = 19)

Figure 1. PRISMA flowchart of a systematic review on the effect
of management practices on preweaned calf mortality and
morbidity in beef herds.

(n=11)

tality risk. The mortality from 7 days to weaning increased by 1.4%
for every additional week of the calving season (P = 0.007) (4e).
Similarly, another study reported a significant P-value (P = 0.002)
(PA 3b), but no specific details were provided about its magnitude.
The certainty of this body of evidence was determined to be low
(Table 3).

Nutritional management and mineral supplementation in
calves

One out of four PAs assessing the use of minerals (e.g., selenium)
and/or vitamins (e.g., vitamin E) found an association with calf
mortality (A: 6f; NA: 1v, 1w, 4f (Table 2)). One study reported that
herds that did not use vitamin E and selenium at birth had 10.3
higher odds of mortality than those who did use vitamin E and sele-
nium (p = 0.003) (PA 6f). Feeding minerals (PA 1v) or selenium
supplements to calves (PA 1w) or giving mineral/vitamin injections
(4f) had no associations with mortality.

Practices with no statistically significant effects or associations
reported

Breeding and calving management
Breeding heifers before cows was not associated with the odds of
calf mortality (2a; Supplementary material 7).

Nutritional management and mineral supplementation
Using either “feeding houses” or feeding concentrates to calves
did not influence the calf mortality rate (1t and 1u). Pre-calving
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practices, including feeding silage or giving mineral injections to
dams repeatedly, were also not associated with the calf mortality
risk (2d and 10a). The type of pastures, described by the authors
as cultural, seminatural, natural, cultural combined, seminatural,
and natural pastures, used for the cow-calf pair did not impact
the calf mortality rate (1z). The PAs are shown in Supplementary
material 7.

Biosecurity

Neither biocontainment nor biosecurity practices affected the calf
mortality risk or rate (1i, 1j, 1r, 1s, 1x, 6d, and 6h). Biocontainment
practices included disinfection of the navel cord of the new-
born calf, using pastures not used for grazing in the previ-
ous year for cows and calves, grazing cows and calves sepa-
rately from other animal groups, separating sick animals, remov-
ing calves from the calving facility to nursery pasture within
48 h of birth, and length of time separating calf and dam
from other animals after calving. The only biosecurity practice
assessed was the purchasing of foster calves, and this was not
associated with mortality. Details are shown in Supplementary
material 7.

Dam vaccination

The use of pre-calving vaccines against NCD pathogens were not
associated with calf mortality (6g, 7b, 7c) (Supplementary material
7). The certainty of this body of evidence was determined to be low
(Supplementary material 8).


https://doi.org/10.1017/S1466252325000015

79

Animal Health Research Reviews

(panunuo))

o€ aunr
10 33e Jo syjuow ¢ jo

sao1oeud

uoleudIeA
‘quawagdeuew 3ul
-AJed pue 3uipaalq

J31)4ed 3Y) 2J0joq pue Juswaseuew ajeu ‘uoneyuswsajddns 6002
yuiq Jaye y 1 uey -193)e ‘eo130eld esaulw Quawale 2002 ‘uai3uasoy
2JowW palp eyl yjed v uaAIg e Jo 3dudsqy -ueW WnJ3sojo) SaA|ed T09 BUO013295-550.)) ‘epeue) pue Jaupjem Jaupjem 9
pJay yoea uj
(1083300 336 Ayjerow
snoinaid ui paip 1ey;
SSA|ED JO pue SaAjed
uloq))is Jo Jaquinu
3Y) SNUIW SIAJRD DA
JO Jaquinu |ejo} “9°1)
K1033382 JRY} Ul SAA|RD
9AI] 91913113 Jo Jaquinu
1e301 au3 Aq papinip
(Suiueam o3 shep og
‘a3e Jo shep og 03 L
‘a3e jo skep L 01 T “2°1)
K10393ed 93k B3 U|
SSA|eD pesp Jo Jaquinu
2y pasudwod A103s %S
-}ed 98k yoea ul San|ed :A}jjeyow jo dUBp jJuswaSeuew 9107 - STOC
peap jo Aduanbaiy ayy -12Ul |9A3)-pJay uesy dnosg uosuedwo) 3uined pue Suipasig sjyuapuodsal /6 BUO013295-550.D) ‘epeue) e6T0T uosiead S
€€T (Sulueam
0} skep 1) pue
(LTOITT D T€T (shep L 01
%S6) %t'T :Ayjerow 1) :Aujernion
JO 32UBPIdUL |IAS)-pIaY ‘TYT aseasiq
ueaw 3ujueam o3 a3e Kioresidsay
Jjo shep £ (€T 0160 :1D 9o130eud auinog
0S6) %T'T :Ayjeyow Juswaseuew ajeu ‘sasuodsal
JO 9dUdPIdUI |9NA)-PIBY -19yje ‘eapoeud 7ST :eayuielq €102 9T0C
paulap 10N ueaw a3e jo sAkep , 03 T uaAIg e Jo 3dudsqy a)dmniy JjeD jeyeuosnN ]BUOI}D35-5501D) ‘epeue) “Ip 39 Aeanpy Reunpy %
sao1poeud 'spJay
Juswaseuew ajeu uoleudIeA 98Je) 0ST ‘splay
-193)e ‘9o130eud ‘quawadeuew 3ul llews z8t G66T 666T
paulap 0N %9°'G-¥'G uaAIg e Jo aduasqy -Ajed pue Suipaaig ‘sasuodsal zeg ]eUOI3035-5504D) ‘epeue) “Ip 32 113nQ 11ng €
sao13oeud swep
(1°2-0°0 :28ued) Juswaseuew ajeu juswadeuew jeuony SOA|ed
%T'T :UBIPaW ‘0%G'T -13}e ‘ad130eud -LINuU ‘Quawsdeuew 9186 ‘(sp4ay) 766T ‘S9181S €661
paulap 10N :A}ljeow Jjed uespy uaAIg e Jo adudsqy 3uinjes pue Suipaaig sasuodsal g5 BUO01129S-550.D) payun D 39 JUBWId)D) BUETTIE ) z
‘e}Rp S19)5139Y |ewiuy
3y} Uo paseq ‘wJey Jejn Ayjeyow jjed ou pey Ayundasolq
-1Jed ay3 ujp ysu-le jo SpJay JO %669 “(L+°0 ‘uoijeurddeA ‘uoney
sAep-lewiue jenpiaipul 0} 87°0 :(1D) 1eADU| -uswajddns jesauiw
3y} JO WINs /syjuow € 32U3pPIUOD %S6) ‘quawageuew
0} 3ui33e) Jes wouy syjuow-jjed oot Jad sad1oeud leuonnu ‘quaw
S9A|ed Ul (elseueyind 1€°0 :93e Jo syyuow ¢ Juswaleuew ajeu -a3euew wnJsojod
pue syjesap pajsisseun) 01 dn a3eu Ayljeow -193)e ‘9o130eud ‘quawagdeuew 3ul 9T0Z- ¥10Z 0202
Syleap Jo JaquinN pJay-ulyym ueap uaAIg e Jo dudsqy -AJed pue 3uipaalg spJay 95T ]BUO13295-550.D) ‘ejuoysy ““Ip 39 SNION smon T
1Jap ase) 9jel Jojesedwo) passasse N ugdisap Apnis Apnis paysiignd ueap Joyny 1sii4 Apnis
10 ¥su Ayjeriow j)esanQ SUOIUBAIRIU| ay3 Jo Jeak

pue A1uno)

spJay Jo9q ul Ayjeriow jjed paueamald uo sadipdeld jJuswaSeuew Jo 10949 Y3 UO MBIASJ DI}RWDISAS B Ul PIPN|DUI SAIPNIS JO SlISLIdeIRY) °T 3)qel

https://doi.org/10.1017/51466252325000015 Published online by Cambridge University Press


https://doi.org/10.1017/S1466252325000015

papJodai

2J9M JUBAD A)ljeow e
Jou 3y3iom Sujueam e
JayIau usym umouun
se papJodas sem Aljey
-low pue ‘}|ed |enpiAipul
ue J0j PapJodaJ Sem
Ayjeyow jo asned
pawujuod Jo paydad
-Sns pue a)ep ay) usym
pawjuod sem Ayjjepow
‘}led jenplAlpul ue Joy
papJodas sem y3lom

V. Margarita Sanguinetti et al.

(%ST -0

Sulueam e J1 pawily u9aM3aq paguel 1and) 9o130eud jJuswaeuew €20T “Ip 39
-uod sem Ajljeow-uoN -WJey) %€ NS Ayjerop uaAIg e Jo 3dudsqy WwinJ3sojo) S9A|eD 68E ]eUOI}D35-5504D) epeue) J98elswen J93ae[swen 1T
%/ TT :dnoid
UO[JUSAIDIUL Ul %S uofeyuswsalddns
Ayeron %S 0T :dnoud aules eJauiw ‘uony sied ]eu} Jo43u0d 6T0T
paulap 10N 1043U0d Ul %S Ayjerion Jed130)01sAyd 311493 -13nu weq 11e2-Mmod T paziwopuey vsn “ID 19 S9Y0IS $9%01S 0T
(papnjaxe syuiqns)
(98e jo syjuow
xoide) Sujueam jiun 0G°€T :Sulueam ao10eud jJuswaSeuew S9N BD djewWwd} 9T0Z-ST0T 1202
palp 1ey} sanjed 113un ysu Ayjexnon uaAIg e Jo aduasqy WwinJ3sojo) €8 pue sjew g/ ]eUOI}D35-5504D) ‘l1zeag “Ip 39 saJld salld 6
swiey
yuiq saye shep ozt %9°€ 806 UO SMOD
uly3im palp Ing yuiq e :a8e Jo shep 0zT pue 0 009°ST 0} uloq 0T0Z-900¢ (44114
dAI|e 219M ey} SaAjeD) usaMIaq XS Ajerop dnoJ3 uosuedwo) uoseas yuig SOA|ed Z9%°01 ]eUOI3D35-5504D) ‘ueder D 19 exesIp eyesIp 8
yyiq Jaye y 1 e snne
S9A|eD JO Jaquinu |e30}
ay3 jo uorpodoud e se
Sal}jeHowW Jjed Jo J3q
-winu ayy sem Ayjeyow
4182 JO XSl piay syl
“(symiq)Iias panowsi
sishjeue ay]) "og aunr
Jo a8e jo syjuow ¢ jo %9°€E :0€ dunf sao13oeud (jeuon3d9s-ssoud
J31)Jed 3y) 2J0joq pue Jo 33e JO syjuow ¢ juswadeuew ajeu 2JaM S1030B}
yyiq Jaye y T ueyy 10 J311Jed pue yuiq -19yje ‘9onoeud uojjeuideA SpJay €07 woJy sl Inq) sed T00T
2J0W palp Jeyy yjed v Us9MIaq s Ayjerop uaAIg e Jo dudsqy ‘uoneurdden weq SOA|BD £99°LT Joj Joyo) ‘epeue) 800C “4Suplem Jauplem L
uoljudp dse) ajel Jojesedwo) passasse N udisap Apnis Apnis paysiignd aeaj Joyny 1sii4 Apnis
10 Xs14 AJjerow J)esdnQ SUOIIUSAIDIU| ay3 Jo Jeak

pue A1uno)

80

(‘ponupuo)) T 21qeL

https://doi.org/10.1017/51466252325000015 Published online by Cambridge University Press


https://doi.org/10.1017/S1466252325000015

Animal Health Research Reviews

81

Table 2. Summary of findings table and ROB assessment for management practices with significant associations or effects detected within a systematic review
on the effect of management practices on preweaned calf mortality in beef herds

Practice Overall
assessment  Details practice Association/effect on mortality Covariates in the final model ROB
Colostrum management
Routinely intervened 1 to 7 days of age: No association 7 days of age to weaning: Month that
4a with colostrum 7 days of age to weaning; calving began, length of calving season HIGH
consumption for calves L : . n . (days), number of breeding age cows in
. Association.Operations that routinely inter- )
that were assisted at . . herds, herd-level treatment risk of BRD.
turition (No (N)/Y vened with colostrum consumption for
Rg)r urition (No (N)/Yes calves that were assisted at parturition had
0.8% lower mortality than those who did
not (P = 0.02)
b Intervene if abnormal 1 to 7 days of age: Association. Operations 1 to 7 days of age: Verify if calf has sucked HIGH
colostrum (N/Y) that intervened when colostrum was (observe fullness of udder), castrate by
abnormal had 1.9% higher mortal- small elastrator band
ity compared with other operations
(P = 0.001)
7 days of age to weaning: No association
Verify if calf has sucked: o iati i 1 to 7 days of age: Intervene if abnormal
1 to 7 days of age: Association. Operations
4c observe fullness of that verified calf suckled by observing colostrum consumption, castrate by small HIGH
udder (N/Y) fullness of udders had 0.7% lower mor- elastrator band
tality compared with those that did not
(P = 0.01)
7 days of age to weaning: No association
le Checking calf colostrum No association SOME
consumption (N or CONCERNS
sometimes/Y)
1la Colostrum intervention Association univariable analysis: Serum 1gG concentration (fixed effect), farm HIGH
(Y/N) P < 0.0001. Model 1: OR 6.1 (1.5 - 24.5) (random effect)
(P = 0.011)
Breeding and calving management
2c Early (began calving on Association. Early calving herds had higher HIGH
or before March 10) vs mortality risk than late calving ones. Adj.
Late (began calving after OR 1.4 (95%Cl 1 -2)
March 10)
Month that calving 1 to 7 days of age: No association 7 days of age to weaning: Length of calving
4d began 7 days of age to weaning; Association season, intervention with colostrum HIGH
(January/Ffebruary, Operations that started calving in April had consumptlon if a55|ste'd calving, number of
March, April, May/June) - - breeding age of cows in the herd,
0.7% lower mortality compared to those in .
January or February (P = 0.02) herd-level treatment risk of BRD
5 Month calving started Association. Herds that started calving LOW
(early = January or early (Jan/Feb) had higher mortality (1.9%)
Feb.ruary; late = March, for calves born to cows compared to later
April, or May) fo'f heifers calving herds (Mar/May) (1.8%)
O G, DS L) No association for heifers
6e Calving month No association HIGH
la Proportion of calvings in No association LOW
winter
1b Proportion of calvings in No association LOW
spring
1e Proportion of calvings in Association. The greater the proportion of Herd size, use of con_sultancy ser\{ice within Low
summer calvings in summer was a protective factor last four years, day-time of checking
for herd-mortality of calves. calvings, frequency of adding bedding to
Negative binomial: incidence rate ratio 0.96 calv!ng [PETY IR, T2 main brged, Pl e
(P — < 0.001) calving, type of production, region
1d Proportion of calvings in No association LOW
autumn
(Continued)
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Table 2. (Continued.)

V. Margarita Sanguinetti et al.

Practice Overall
assessment  Details practice Association/effect on mortality Covariates in the final model ROB
Season of birth Winter 0 to 30 days of age: Association. Calves ) )
(December to February), born in winter and autumn had signifi- 0 to 30 years of age: Dam parity, calving
8a Spring (March to May), cantly higher odds of mortality than the status, gestation length (days), calf sex, HIGH
Summer (June to ones born in the reference season (sum- birth type
August), Autumn mer) - Winter OR 1.42 (95%Cl 1.15 - 1.75),
(September to Autumn OR 1.27 (95%Cl 1.02 - 1.58). Calves
November) born in spring had no difference with those
from summer
31 to 60 days of age: No association
61 to 90 days of age: No association
91 to 120 days of age: No association
4e Length of calving season 1 to 7 of age: No association. 7 days of age to weaning: Month calv- HIGH
(days) 7 days of age to weaning: Association. ing started, intervene with colostrum
Higher mortality by 1.4% for every consumption if assisted calving, number
additional week of the calving season of breeding age cows in herd, herd-level
(p = 0.007) treatment risk of BRD
3b Length of calving season Association. The longer the calving season, SOME
the higher the mortality (P = 0.002) CONCERNS
laa Length of the average No association LOwW
calving period (up to
two months, two to
three months, three
to four months, longer
than four months)
2b Length of the calving No association HIGH
season
Nutritional management calves
6 f Use of vitamin Association. Higher mortality in herds that 10 g/L decline in serum Immunoglobulin G HIGH
E/selenium at birth (N/Y) did not use the vitamin E/selenium at birth
compared to those that did Adj. OR 10.3
(95%Cl 2.2 - 47) (P = 0.003)
1v Feeding minerals No association SOME
to calves (N/Y or CONCERNS
sometimes)
1w Administering selenium No association SOME
supplements to calves CONCERNS
(N/Y or sometimes)
4f Administered vitamin No association HIGH

and/or mineral injection

Practices removed from the review

Nutritional management and mineral supplementation

Feeding cows silage (2f) was excluded from the final narrative
review, because it was not specified whether this was done pre-
calving or post-calving.

Vaccination

A non-inferiority trial comparing two different intranasal vac-
cines in calves was excluded from this review (Masset et al.,
2020). Both vaccines targeted Parainfluenza Virus Type 3 and
Bovine Respiratory Syncytial Virus. Their differences included the
strains used, tissue culture infectious doses, diluent, administration
modalities, and dose of the vaccine. Vaccine A was not signifi-
cantly inferior to Vaccine B (P = 0.11) in preventing calf mortal-
ity. Nonetheless, non-inferiority does not provide direct evidence
about vaccination as an effective strategy to prevent calf mortality.
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Two other PAs were removed because of a lack of details regarding
the production group that was vaccinated, disease targeted, type of
vaccines used, or time of vaccination (1y and 7a).

Risk of bias assessment

Of the 42 PAs from observational cross-sectional studies and one
PA from an RCT included, 22 had a ‘high; 11 showed ‘some
concerns, and 10 had a Tow’ ROB (Supplementary materials
9 and 10).

Twenty-three PAs were subject to selective reporting. For
example, univariable analysis was not shown or only interventions
with significant effects included in their final multivariable models
were reported (4b and 6e). Twenty PAs did not select participants
using systematic methods (e.g., used a convenience sample; 2b and
2¢). Nineteen PAs did not sufficiently specify the intervention eval-
uated (e.g., no definition of the criteria used to define abnormal
colostrums; 4b).
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Table 3. Assessment of the certainty of the findings of management practices with significant effects or associations using the GRADE approach within a systematic
review on the effect of management practices on preweaned calf mortality in beef herds

Intervention, com-
parison groups, and

similarities with western Imprecision of Overall

Practice category Risk of Bias (ROB) Directionality of results Canada results certainty
Timing of the Critically high Consistent direction (No Consistency in No estimate was
calving season (Downgraded 2 downgrading) comparison groups, calculated Low
(umber of practice levels) intervention groups, and (Downgraded 1
asiezsments (PAs), 3 PAs with high 3 of 4 PAs indicated that envg:pmentNal level}
m=dy ROB and 1 low herds that calved earlier (cjon ' |or:js_( 0

ROB had higher frequency of EEhete e

mortality

Length of the Critically high Semi-consistent ?onsisteqcy in No estimate was
calving season (Downgraded 2 levels) 2 gjrection (No intervention groups, calculated LowW

(n = 4) PAs with high ROB, 1 downgrading) comparison groups, and (Downgraded 1

some concerns, and 1 2 of 4 PAs indicated comparable with level)

low ROB X western Canada (No
that herds with longer d ding)
calving seasons had owngrading
higher frequency of
mortality
Possible explanation of
why results were not
consistent: differing risk
of mortality (see Table 1)

Discussion rare, it may have minimal impact on the herd-level mortality

The evidence compiled for the criteria used to intervene with a
colostrum management strategy, timing and length of the calving
season, and vitamin and mineral supplementation in calves showed
statistically significant associations with calf mortality.
Determining whether a calf needs colostrum intervention
depending on whether they were assisted at calving or had not
nursed from their dam has been shown to reduce calf mortal-
ity at the herd level (Murray et al., 2016). This aligns with the
findings of an expert consensus study (Sanguinetti et al., 2024).
Assisted calves are more likely to not consume colostrum by them-
selves within 4 hours after birth compared to unassisted ones
(Homerosky et al., 2017). These calves also have less vigour than
unassisted calves (Pearson et al., 2019b) and rely on colostrum
intervention practices to increase their odds of survival (Besser
and Gay, 1994). Intake of colostrum that contains maternal anti-
bodies in a timely manner is essential because calves are born
with a naive adaptive immune system and lack their own circu-
lating antibodies (Chase et al., 2008; Godden, 2008; Larson and
Tyler, 2005; Windeyer and Gamsjager, 2019). The maternal anti-
bodies protect the newborn as their immune system matures, thus
impacting health and survival (Waldner and Rosengren, 2009).
Regardless, at the calf level, calves that received any colostrum
practice including different methods and sources of colostrum,
had higher odds of dying than those that did not (Gamsjiger
et al., 2023). Therefore, according to the findings of this systematic
review, the decision of whether a calf needs colostrum intervention
based on not nursing by themselves or being assisted at calving
is the only colostrum management practice that has been shown
to have an effect on calf mortality at the herd-level. However, at
the individual level, these calves still have a higher risk of dying
compared to those that do not require a colostrum interven-
tion practice to be used. It is important to differentiate between
individual- and herd-level practices. While some practices that
have an important effect on the odds of mortality in the indi-
vidual, if the practice, such as colostrum invention, is relatively
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risk.

Winter calving was identified as a potential risk factor for
increased calf mortality (Clement et al., 1993; Misaka et al., 2022;
Motus et al., 2020; Murray et al., 2016; Pearson et al., 2019a).
This was also described in another review (Uetake, 2013). Possible
explanations involve the exposure of calves to cold temperatures
and wind, which lower their metabolic rate and increase the time
it takes to nurse from their dam (Uetake, 2013). At the intestinal
level, this elapsed time affects the efficiency of absorbing colostrum
immunoglobulins (Colazo and Kastelic, 2012; McGee and Earley,
2019; Weaver et al., 2000). Furthermore, cold stress reduces this
process even more (Olson ef al., 1980). Therefore, calves are more
likely to have inadequate or failed transfer of passive immunity,
thus increasing their risk of morbidity and mortality (Gamsjager
et al., 2023; Waldner and Rosengren, 2009; Windeyer et al., 2014).
In winter calving herds, management practices used to protect
newborn calves from climatic conditions may also be associated
with an increased mortality risk. For example, calving in barns
involves managing animals more intensively with a higher stock-
ing density compared to animals calving on pasture (Ganaba et al.,
1995; Pearson et al., 2019a; Radostits, 1991). A higher stocking
density favours a high pathogen load in the barn and may increase
the risk of transmission of pathogens between calves (Assié et al,
2009; Doeschl-Wilson et al., 2021). Consequently, disease inci-
dence is affected, given its relationship with the transmission rates
(Dohoo et al., 2009; Ogut et al., 2005). However, for some herds, for
example, purebred or seedstock, calving later is not a viable option
because calves need to be born as early as possible in the year to be
competitive in animal shows and sales.

The length of the calving season was identified as a risk factor
for calf mortality (Dutil et al., 1999; Murray et al., 2016). This may
be explained by the calf acting as a pathogen amplifier during the
calving season (Larson and Tyler, 2005). Within this review, studies
that showed statistically significant associations had very different
lengths of calving seasons (mean = 79 days; Murray et al., 2016)
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versus over four months long (Dutil et al., 1999). The findings of
the first study align well with recommended management prac-
tices for herds, which state that the length should be from 60 to
80 days (Chenoweth and Sanderson, 2005; Colazo and Kastelic,
2012; WCCCS, 2017). Hypothetically, calves born at the begin-
ning of the season are exposed to lower doses of environmental
pathogens and are often asymptomatic if infected (Larson and
Tyler, 2005). However, as the season progresses, the dose of envi-
ronmental pathogens will increase, and consequently, later-born
calves often develop clinical signs of disease (Larson and Tyler,
2005). Therefore, herds may reduce the risk of calf mortality by
limiting the duration of the calving season. Alternatively, a short
calving season may be a surrogate indicator of an unmeasured
collection of good management practices that reduce calthood
mortality (i.e., herds with good reproductive management may also
have good health management).

Injecting vitamin E and selenium (Se) at birth in calves also
reduced calf mortality (Waldner and Rosengren, 2009). Similarly,
the impact of injectable supplementation with selenium and vita-
min E at birth has been reported to reduce the odds of treatment of
NCD in dairy calves (Leslie et al., 2019). In contrast, an RCT assess-
ing repeated mineral supplementation in pregnant dams included
in this review did not detect a significant effect on calf mortality
compared to a control group (Stokes et al., 2019) nor did another
controlled trial done in western Canada assessing NCD in calves
(Cohen et al., 1991). Within these dam studies, plasma concen-
trations of copper, manganese, Se, and zinc in calves at birth were
not different between groups (Stokes et al., 2019), nor was Se in
the second study (Cohen et al., 1991). However, different minerals
were assessed in each of these PAs, so comparisons should be made
cautiously. There are several possible explanations of why statisti-
cally significant associations were found when calves were supple-
mented but not dams. Several steps or factors may be involved for
calves to benefit from the dam supplementation. These include the
severity of the initial deficiency in the supplemented dams prior to
supplementation and the type of the deficiency (Cohen et al., 1991),
the age of dams (de Weyer Lm et al., 2010; Waldner et al., 2023),
the timing of supplementation during gestation, characteristics of
the products used (e.g., chelated or organic) (Ahola et al., 2004;
Chenoweth and Sanderson, 2005; Marques et al., 2016), and the
doses used to supplement (Awadeh et al., 1998). Furthermore, spe-
cific differences in placental or colostral absorption exist (Awadeh
et al., 1998). For example, the absorption of Se starts in utero and is
stored in the fetal liver (Gooneratne and Christensen, 1989), while
vitamin E is exclusively obtained through colostrum after birth
(Quigley and Drewry, 1998). In short, injecting calves is a more
direct method of supplementation, avoiding these intermediate
steps, and having a greater impact on calf mortality. Nevertheless,
the evidence to support this practice in pregnant dams or calves
within this systematic review is extremely scarce. Only one study
reporting a statistically significant association is insufficient to sup-
port or discourage using this practice (Lash et al., 2021). Similarly,
another review identified that the impact of trace mineral supple-
mentation in dams and its impact on calthood health needs more
research (Van Emon et al,, 2020). In western Canada, this is espe-
cially important given Se deficiency was frequently detected in
the liver of beef calves that died after 3 days of age and that vita-
min E deficiency was common in stillbirths (Waldner and Blakley,
2014), although this latter finding should be interpreted with cau-
tion as many of these calves probably did not consume colostrum
(Quigley and Drewry, 1998). Overall, it is important to garner more
information to better understand whether vitamin and mineral
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supplementation programs meet the nutritional requirements of
the cattle within a given herd and are effective in optimizing the
production of calves.

Within the body of evidence discussed earlier, there is consis-
tency in the directionality of findings for some practices assessed
and not others (Clement et al., 1993; Dutil et al., 1999; Métus
et al., 2020; Murray et al., 2016; Pearson et al., 2019a; Waldner,
2008; Waldner and Rosengren, 2009). Consistency among study
results supports that an actual causal relationship may exist under
field conditions (Dohoo et al., 2009). However, under certain cir-
cumstances, a cause—effect relationship may exist even when the
change in the practice may not always be associated with a spe-
cific change in the direction of the outcome (Lash et al., 2021). For
example, a practice’s effect may vary with mortality risk (Dohoo
et al., 2009). This could explain variation in the directionality of
results attained between studies, as was observed among PAs exam-
ining the length of the calving season. For this practice, two of
four PAs found a statistically significant association between the
length of the calving season and mortality, and two did not. In stud-
ies that reported a statistically significant association (Dutil et al.,
1999), mortality risk was > 5%. In contrast, when a statistically
significant association was not observed, the mean mortality risk
was estimated at 1.5% (Clement et al., 1993). For this hypothesis
to be confirmed, several well-executed RCTs are needed to do a
dose-response meta-analysis (Berlin et al., 1993).

Most of the practices assessed in this review were not reported
to have a statistically significant impact on calf mortality (Clement
et al., 1993; Motus et al., 2020; Pires et al., 2021; Stokes et al., 2019;
Waldner, 2008; Waldner and Rosengren, 2009). The relationship
between practices and calf mortality is not often direct, and mor-
tality may occur only after several intermediary events, including
morbidity and treatment of disease, which have a more direct rela-
tionship with management practice (Digitale et al., 2022; Ganaba
etal., 1995). Similarly, unmeasured confounding variables may bias
the reported association.

A limited number of calves dying may also limit the reliabil-
ity of the findings by minimizing the sample size (Button et al,
2013; United States Department of Agriculture Animal and Plan
Health Inspection Service Veterinary Services National Animal
Health Monitoring System, 2021). Within this systematic review,
the mortality risk of studies varied from 1.5 to 13.5%, and none of
them reported considering it for the sample size calculation. Given
this, in future studies, when doing the sample size calculations,
the mean mortality risk should be considered (Dohoo et al., 2009;
Wang and Cheng, 2020). This would help ensure that observa-
tional studies may provide more reliable results (Wang and Cheng,
2020). Therefore, this leads to the question of whether using these
practices does not affect mortality or if a type II error is present
(Akobeng, 2016; Dohoo et al., 2009; Lash et al., 2021).

The statistical analysis methods could have influenced the low
number of practices that showed statistically significant associ-
ations. Eight out of nine cross-sectional studies used multivari-
able methods to analyze the data (Clement et al, 1993; Dutil
et al., 1999; Misaka et al., 2022; Métus et al., 2020; Murray et al.,
2016; Pires et al., 2021; Waldner, 2008; Waldner and Rosengren,
2009). Within these studies, variables selected to be retained in
the models relied on p-values (Lash et al, 2021). Yet, the bio-
logical plausibility of associations was not assessed using directed
acyclic graphs (DAGs). Only one study reported the temporal
criteria used to determine whether a practice was considered to
potentially impact mortality (Waldner, 2008). One of the assump-
tions of multivariable models is the independence of variables
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(Concato et al., 1993). Assuming practices used within herds are
independent is questionable and most likely unreasonable, regard-
less of statistical attempts to detect collinearity among variables
(Fox and Monette, 1992). For example, winter calving usually
takes place in more confined areas with more intensive manage-
ment, such as barns, to protect newborns from hostile tempera-
tures and increase their odds of survival (Pearson et al., 2019a).
None of the studies reported univariable analysis, so the uncon-
ditional associations between individual practices and mortality
were unavailable. Therefore, although odds ratios and confidence
intervals were extracted from the studies, the focus was on the
directionality of the findings (e.g., beneficial or harmful to mortal-
ity risk). A meta-analysis could not be done because there was not
enough reliable evidence to calculate effect estimates of any given
practice.

The reliability of the findings within this systematic review is
low, given that the largest bodies of evidence (i.e., timing and length
of the calving season and dam vaccination against NCD pathogens)
had low certainty of findings (Schiinemann et al., 2013). The
GRADE assessment incorporates the ROB in individual studies,
directionality and imprecision of results, comparability between
studies, and how comparable were production conditions in the
studies relative to those in cow—calf operations in western Canada.
Overall, individual PAs had a high ROB, and the certainty of the
bodies of evidence was downgraded because many used a cross-
sectional study design. Cross-sectional studies are weak sources
of evidence to infer causality given that outcomes and expo-
sures are measured at the same time, and a temporal relationship
between them cannot be demonstrated (Carlson and Morrison,
2009; Dohoo et al., 2009; Sargeant et al., 2014a). According to
the levels of evidence approach, bodies of evidence from cross-
sectional studies are considered less reliable than those from RCTs
(Canadian Task Force on the Periodic Health Examination, 1979;
Sargeant et al., 2022). Because of this, under ideal circumstances,
systematic reviews should include well-executed RCTs (Burns
et al., 2011). However, assessing some practices using RCTs may
be challenging, and well-executed cohort studies can also be a good
source of evidence.

This review only included studies that explicitly removed still-
births. Fifty percent of calf mortality occurs during the first
24 hours after birth (Pearson et al, 2019a). Calves assisted at
birth have an increased risk of dying during this period (Bond
and Weinland, 1978; Ganaba et al., 1995; Wittum et al., 1994).
Stillbirths were removed to ensure that the substantial effect of
assisted calving did not statistically overshadow practices with
smaller effects. However, not all calves born with assistance at
calving die during the first 24 hours, and studies evaluating their
survival during the preweaning stage were inevitably lost because
of this exclusion criteria.

Conclusions

This review filled the knowledge gap concerning the evidence
about disease control management practices to prevent calf
mortality in preweaned beef calves. The timing and length of the
calving season, criteria used to intervene with a colostrum man-
agement practice, and use of supplementation with vitamin E and
selenium in calves were reported to have statistically significant
protective associations with calf mortality. Conversely, most of
the studies included were observational cross-sectional studies,
and the certainty of the findings was low. Overall, the findings
of this review reinforce the need to design well-executed RCTs
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and cohort studies to estimate the effectiveness of practices, which
should be combined with those of other systematic reviews to guide
evidence-informed management.

References

Abhola JK, Baker DS, Burns PD, Mortimer RG, Enns RM, Whittier JC,
Geary TW and Engle TE (2004) Effect of copper, zinc, and manganese sup-
plementation and source on reproduction, mineral status, and performance
in grazing beef cattle over a two-year period. Journal of Animal Science 82,
2375-2383. d0i:10.2527/2004.8282375x

Akobeng AK (2016) Understanding type I and type II errors, statistical
power and sample size. Acta Paediatrica 105, 605-609. doi:10.1111/apa.
13384

Assié S, Bareille N, Beaudeau F and Seegers H (2009) Management and
housing-related risk factors of respiratory disorders in non-weaned French
Charolais calves. Preventative Veterinary Medicine 91, 218-225. doi:10.1016/
j.prevetmed.2009.06.003

Awadeh F, Kincaid RL and Johnson KA (1998) Effect of level and source of
dietary selenium on concentrations of thyroid hormones and immunoglob-
ulins in beef cows and calves. Journal of Animal Science 76, 1204-1215.
doi:10.2527/1998.7641204x

Berlin JA, Longnecker MP and Greenland S (1993) Meta-analysis of epidemi-
ologic dose-response data. Epidemiology 4,218-228. d0i:10.1097/00001648-
199305000-00005

Besser TE and Gay CC (1994) The importance of colostrum to the health of the
neonatal calf. The Veterinary Clinics of North America Food Animal Practice
10, 107-117. doi:10.1016/S0749-0720(15)30591-0

Bond J and Weinland BT (1978) Effect of level of feeding on growth, reproduc-
tive performance and milk production of beef females. Livestock Production
Science 5, 159-169. doi:10.1016/0301-6226(78)90043-X

Brandt AW, Sanderson MW, DeGroot BD, Thomson DU and Hollis LC
(2008) Biocontainment, biosecurity, and security practices in beef feed
yards. Journal of the American Veterinary Medical Association 232, 262-269.
doi:10.2460/javma.232.2.262

Burns PB, Rohrich RJ and Chung KC (2011) The levels of evidence and their
role in evidence-based medicine. Plastic and Reconstructive Surgery 128,
305-310. doi:10.1097/PRS.0b013e318219¢171

Busato A, Steiner L, Martin SW, Shoukri MM and Gaillard C (1997) Calf
health in cow-calf herds in Switzerland. Preventative Veterinary Medicine 30,
9-22. d0i:10.1016/S0167-5877(96)01109-9

Button KS, Ioannidis JPA, Mokrysz C, Nosek BA, Flint J, Robinson ESJ
and Munafo MR (2013) Power failure: Why small sample size undermines
the reliability of neuroscience. Nature Reviews, Neuroscience 14, 365-376.
doi:10.1038/nrn3502

Canadian Task Force on the Periodic Health Examination (1979) The
periodic health examination. Canadian Medical Association Journal 121,
1193-1254.

Carlson MDA and Morrison RS (2009) Study design, precision, and validity in
observational studies. Journal of Palliative Medicine 12, 77-82. doi:10.1089/
jpm.2008.9690

Chamorro MF and Palomares RA (2020) Bovine respiratory disease vac-
cination against viral pathogens: Modified-live versus inactivated antigen
vaccines, intranasal versus parenteral, what is the evidence? The Veterinary
Clinics of North America Food Animal Practice 36, 461-472. doi:10.1016/j.
cvfa.2020.03.006

Chase CCL, Hurley DJ and Reber AJ (2008) Neonatal immune development
in the calf and its impact on vaccine response. The Veterinary Clinics of
North America Food Animal Practice 24, 87-104. doi:10.1016/j.cvfa.2007.
11.001

Chenoweth PJ and Sanderson MW (2005) Beef Practice: Cow-calf Production
Medicine, 13 Edn. Iowa: Blackwell Publishing.

Clement JC, King ME, Wittum TE, Biwer RD, Fleck MJ, Salman MD and
0Odde KG (1993) Factors associated with the incidence of calf scours in North
Dakota beef herds. Agri-Practice 14, 13-17.

Cohen RDH, King BD, Guenther C and Janzen ED (1991) Effect of prepartum
parenteral supplementation of pregnant beef cows with selenium/vitamin E


https://doi.org/10.2527/2004.8282375x
https://doi.org/10.1111/apa.13384
https://doi.org/10.1111/apa.13384
https://doi.org/10.1016/j.prevetmed.2009.06.003
https://doi.org/10.1016/j.prevetmed.2009.06.003
https://doi.org/10.2527/1998.7641204x
https://doi.org/10.1097/00001648-199305000-00005
https://doi.org/10.1097/00001648-199305000-00005
https://doi.org/10.1016/S0749-0720(15)30591-0
https://doi.org/10.1016/0301-6226(78)90043-X
https://doi.org/10.2460/javma.232.2.262
https://doi.org/10.1097/PRS.0b013e318219c171
https://doi.org/10.1016/S0167-5877(96)01109-9
https://doi.org/10.1038/nrn3502
https://doi.org/10.1089/jpm.2008.9690
https://doi.org/10.1089/jpm.2008.9690
https://doi.org/10.1016/j.cvfa.2020.03.006
https://doi.org/10.1016/j.cvfa.2020.03.006
https://doi.org/10.1016/j.cvfa.2007.11.001
https://doi.org/10.1016/j.cvfa.2007.11.001
https://doi.org/10.1017/S1466252325000015

86

on cow and calf plasma selenium and productivity. The Canadian Veterinary
Journal 32, 113-115.

Colazo M and Kastelic J (2012) Reproductive management in cattle and sheep.
In Encyclopedia of Life Support Systems. Oxford: EOLSS Publishers.

Concato J, Feinstein AR and Holford TR (1993) The risk of determining
risk with multivariable models. Annals of Internal Medicine 118, 201-210.
doi:10.7326/0003-4819-118-3-199302010-00009

de Weyer Lm V, Hendrick S and Waldner CL (2010) Serum micronutrient
concentrations in beef cows before and after the summer grazing season.
Canadian Journal of Animal Science 90, 563-574. doi:10.4141/CJAS10036

Digitale JC, Martin JN and Glymour MM (2022) Tutorial on directed acyclic
graphs. Journal of Clinical Epidemiology 142, 264-267. doi:10.1016/j.jclinepi.
2021.08.001

Doeschl-Wilson A, Knap PW, Opriessnig T and More SJ (2021) Review:
Livestock disease resilience: From individual to herd level. Animal 15,
100286. doi:10.1016/j.animal.2021.100286

Dohoo IR, Martin SW and Stryhn H (2009) Veterinary Epidemiologic
Research, 2" Edn. Charlottetown: Prince Edward Island: VER, Inc.

Dubrovsky SA, Van Eenennaam AL, Karle BM, Rossitto PV, Lehenbauer TW
and Aly SS (2019) Bovine Respiratory Disease (BRD) cause-specific and
overall mortality in preweaned calves on California dairies: The BRD
10K study. Journal of Dairy Science 102, 7320-7328. doi:10.3168/jds.2018-
15463

Dutil L, Fecteau G, Bouchard E, Dutremblay D and Paré J (1999) A ques-
tionnaire on the health, management, and performance of cow-calf herds in
Québec. The Canadian Veterinary Journal 40, 649-656.

Fox J and Monette G (1992) Generalized collinearity diagnostics. Journal of the
American Statistical Association 87, 178-183. doi:10.1080/01621459.1992.
10475190

Gamsjdger L, Haines DM, Lévy M, Pajor EA, Campbell JR and Windeyer MC
(2023) Total and pathogen-specific serum Immunoglobulin G concentra-
tions in neonatal beef calves, Part 2: Associations with health and growth.
Preventative Veterinary Medicine 220, 105993. doi:10.1016/j.prevetmed.
2023.105993

Ganaba R, Bigras-Poulin M, Bélanger D and Couture Y (1995) Description
of cow-calf productivity in Northwestern Quebec and path models for
calf mortality and growth. Preventative Veterinary Medicine 24, 31-42.
doi:10.1016/0167-5877(95)00466-A

Godden S (2008) Colostrum management for dairy calves. The Veterinary
Clinics of North America Food Animal Practice 24, 19-39. doi:10.1016/j.cvfa.
2007.10.005

Gooneratne SR and Christensen DA (1989) A survey of maternal and fetal tis-
sue zing, iron, manganese and selenium concentrations in bovine. Canadian
Journal of Animal Science 69, 151-159. doi:10.4141/cjas89-018

Griebel P, Hill K and Stookey J (2014) How stress alters immune responses
during respiratory infection. Animal Health Research Reviews 15, 161-165.
doi:10.1017/S1466252314000280

Higgins JPT, Thomas ], Chandler J, Cumpston M, Li T, Page MJ and
Welch VA (editors) (2024) Cochrane Handbook for Systematic Reviews
of Interventions version 6.5, Cochrane. Available at: https://www.training.
cochrane.org/handbook (updated August 2024).

Homerosky ER, Timsit E, Pajor EA, Kastelic JP and Windeyer MC (2017)
Predictors and impacts of colostrum consumption by 4 h after birth in new-
born beef calves. The Veterinary Journal 228, 1-6. doi:10.1016/j.tvjl.2017.
09.003

Hulbert LE and Moisa SJ (2016) Stress, immunity, and the management
of calves. Journal of Dairy Science 99, 3199-3216. doi:10.3168/jds.2015-
10198

Larson RL and Tyler JW (2005) Reducing calf losses in beef herds. The
Veterinary Clinics of North America Food Animal Practice 2, 569-584.
doi:10.1016/j.cvfa.2005.02.009

Lash TL, VanderWeele TJ, Haneuse S and Rothman KJ (2021) Modern
Epidemiology, 4" Edn. Philadelphia: Wolters Kluwer/Lippincott Williams &
Wilkins.

Leslie K, Nelson B, Godden S, Duffield T, Devries T and Renaud D (2019)
Assessment of selenium supplementation by systemic injection at birth on
pre-weaning calf health. The Bovine Practitioner 53, 44-53. doi:10.21423/
bovine-vol53no1p44-53

https://doi.org/10.1017/51466252325000015 Published online by Cambridge University Press

V. Margarita Sanguinetti et al.

Makoschey B, Bielsa JM, Oliviero L, Roy O, Pillet F, Dufe D, Valla G and
Cavirani S (2008) Field efficacy of combination vaccines against bovine
respiratory pathogens in calves. Acta Veterinaria Hungarica 56, 485-493.
doi:10.1556/avet.56.2008.4.6

Makoschey B, Janssen MG, Vrijenhoek MP, Korsten JH and Marel P
(2001) An inactivated bovine virus diarrhoea virus (BVDV) type 1 vac-
cine affords clinical protection against BVDV type 2. Vaccine 19, 3261-3268.
doi:10.1016/50264-410X(01)00003-2

Marques RS, Cooke RF, Rodrigues MC, Cappellozza BI, Mills RR,
Larson CK, Moriel P and Bohnert DW (2016) Effects of organic or inor-
ganic cobalt, copper, manganese, and zinc supplementation to late-gestating
beef cows on productive and physiological responses of the oftspring. The
Journal of Animal Science 94, 1215-1226. doi:10.2527/jas.2015-0036

Masset N, Meurens F, Marie M, Lesage P, Lehébel A, Brisseau N and Assié S
(2020) Effectiveness of two intranasal vaccines for the control of bovine
respiratory disease in newborn beef calves: A randomized non-inferiority
multicentre field trial. The Veterinary Journal 263, 105532. doi:10.1016/j.tvjl.
2020.105532

McGee M and Earley B (2019) Review: Passive immunity in beef-suckler
calves. Animals 13, 810-825. doi:10.1017/S1751731118003026

Misaka M, Uematsu M, Hashimoto K, Kitahara G, Osawa T and Sasaki Y
(2022) Impact of dystocia and cow/calf characteristics on mortality from
0 to 120 days of age in Japanese Black calves in commercial cow-calf
operations. Preventative Veterinary Medicine 207, 105716. doi:10.1016/j.
prevetmed.2022.105716

Moggy MA, Pajor EA, Thurston WE, Parker S, Greter AM, Schwartzkopf-
Genswein KS, Campbell JR and Windeyer MC (2017) Management prac-
tices associated with stress in cattle on western Canadian cow-calf oper-
ations: A mixed methods study. Journal of Animal Science 95, 1836-1844.
doi:10.2527/jas.2016.1310

Moher D, Shamseer L, Clarke M, Ghersi D, Liberati A, Petticrew M,
Shekelle P and Stewart LA PRISMA-P Group (2015) Preferred
reporting items for systematic review and meta-analysis protocols
(PRISMA-P) 2015 statement. Systematic Reviews 4, 1. doi:10.1186/2046-
4053-4-1

Mbotus K, Niine T, Viltrop A and Emanuelson U (2020) Herd-level on-farm
mortality in extensively managed beef herds. Journal of Applied Animal
Welfare Science 23, 447-466. doi:10.1080/10888705.2019.1696679

Motus K, Viltrop A and Emanuelson U (2018) Reasons and risk factors for
beef calf and youngstock on-farm mortality in extensive cow-calf herds.
Animal 12, 1958-1966. doi:10.1017/s1751731117003548

Murray CF, Fick L], Pajor EA, Barkema HW, Jelinski MD and Windeyer MC
(2016) Calf management practices and associations with herd-level mor-
bidity and mortality on beef cow-calf operations. Animal 10, 468-477.
doi:10.1017/S1751731115002062

O’Connor AM, Anderson KM, Goodell CK and Sargeant JM (2014)
Conducting systematic reviews of intervention questions I: Writing the
review protocol, formulating the question and searching the literature.
Zoonoses and Public Health 61, 28-38. doi:10.1111/zph.12125

O’Connor AM, Hu D, Totton SC, Scott N, Winder CB, Wang B, Wang C,
Glanville J, Wood H, White B, Larson R, Waldner C and Sargeant JM
(2019) A systematic review and network meta-analysis of injectable antibi-
otic options for the control of bovine respiratory disease in the first 45 days
post arrival at the feedlot. Animal Health Research Reviews 20, 163-181.
doi:10.1017/51466252320000031

O’Connor AM and Sargeant JM (2014) An introduction to systematic reviews
in animal health, animal welfare, and food safety. Animal Health Research
Reviews 15, 3-13. doi:10.1017/5146625231400005X

Ogut H, LaPatra SE and Reno PW (2005) Effects of host density on furuncu-
losis epidemics determined by the simple SIR model. Preventative Veterinary
Medicine 71, 83-90. doi:10.1016/j.prevetmed.2005.06.001

Olson D, Papasian C and Ritter R (1980) The effects of cold stress on neona-
tal calves. II. Absorption of colostral immunoglobulins. Canadian Journal of
Comparative Medicine 44, 19-23.

Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD,
Shamseer L, Tetzlaff JM, Akl EA, Brennan SE, Chou R, Glanville J,
Grimshaw JM, Hrébjartsson A, Lalu MM, Li T, Loder EW, Mayo-
Wilson E, McDonald S, McGuinness LA, Stewart LA, Thomas J,


https://doi.org/10.7326/0003-4819-118-3-199302010-00009
https://doi.org/10.4141/CJAS10036
https://doi.org/10.1016/j.jclinepi.2021.08.001
https://doi.org/10.1016/j.jclinepi.2021.08.001
https://doi.org/10.1016/j.animal.2021.100286
https://doi.org/10.3168/jds.2018-15463
https://doi.org/10.3168/jds.2018-15463
https://doi.org/10.1080/01621459.1992.10475190
https://doi.org/10.1080/01621459.1992.10475190
https://doi.org/10.1016/j.prevetmed.2023.105993
https://doi.org/10.1016/j.prevetmed.2023.105993
https://doi.org/10.1016/0167-5877(95)00466-A
https://doi.org/10.1016/j.cvfa.2007.10.005
https://doi.org/10.1016/j.cvfa.2007.10.005
https://doi.org/10.4141/cjas89-018
https://doi.org/10.1017/S1466252314000280
https://www.training.cochrane.org/handbook
https://www.training.cochrane.org/handbook
https://doi.org/10.1016/j.tvjl.2017.09.003
https://doi.org/10.1016/j.tvjl.2017.09.003
https://doi.org/10.3168/jds.2015-10198
https://doi.org/10.3168/jds.2015-10198
https://doi.org/10.1016/j.cvfa.2005.02.009
https://doi.org/10.21423/bovine-vol53no1p44-53
https://doi.org/10.21423/bovine-vol53no1p44-53
https://doi.org/10.1556/avet.56.2008.4.6
https://doi.org/10.1016/S0264-410X(01)00003-2
https://doi.org/10.2527/jas.2015-0036
https://doi.org/10.1016/j.tvjl.2020.105532
https://doi.org/10.1016/j.tvjl.2020.105532
https://doi.org/10.1017/S1751731118003026
https://doi.org/10.1016/j.prevetmed.2022.105716
https://doi.org/10.1016/j.prevetmed.2022.105716
https://doi.org/10.2527/jas.2016.1310
https://doi.org/10.1186/2046-4053-4-1
https://doi.org/10.1186/2046-4053-4-1
https://doi.org/10.1080/10888705.2019.1696679
https://doi.org/10.1017/s1751731117003548
https://doi.org/10.1017/S1751731115002062
https://doi.org/10.1111/zph.12125
https://doi.org/10.1017/S1466252320000031
https://doi.org/10.1017/S146625231400005X
https://doi.org/10.1016/j.prevetmed.2005.06.001
https://doi.org/10.1017/S1466252325000015

Animal Health Research Reviews

Tricco AC, Welch VA, Whiting P and Moher D (2021) The PRISMA 2020
statement: An updated guideline for reporting systematic reviews. BMJ 10,
89. doi:10.1186/s13643-021-01626-4

Pearson JM, Homerosky ER, Caulkett NA, Campbell JR, Levy M, Pajor EA
and Windeyer MC (2019b) Quantifying subclinical trauma associated
with calving difficulty, vigour, and passive immunity in newborn beef
calves. Veterinary Record Open 6, e000325. doi:10.1136/vetreco-2018-
000325

Pearson JM, Pajor EA, Caulkett NA, Levy M, Campbell JR and Windeyer MC
(2019a) Benchmarking calving management practices on western
Canada cow-calf operations. Translational Animal Science 3, 1446-1459.
doi:10.1093/tas/txz107

Pires B, Freitas L, Silva G, Lima S, Cyrillo J, Stafuzza N, Lima M and Paz C
(2021) Influence of calf vigour and suckling assistance from birth to wean-
ing in Guzera beef cattle. Animal Production Science 61, 8. doi:10.1071/
AN20056

Quigley JD and Drewry JJ (1998) Nutrient and immunity transfer from
cow to calf pre- and postcalving. Journal of Dairy Science 81, 2779-2790.
doi:10.3168/jds.s0022-0302(98)75836-9

Radostits OM (1991) The role of management and the use of vaccines in the
control of acute undifferentiated diarrhea of newborn calves. The Canadian
Veterinary Journal 32, 155-159.

Robison J, Stott G and DeNise S (1988) Effects of passive immunity on growth
and survival in the dairy heifer. Journal of Dairy Science 71, 1283-1287.
doi:10.3168/jds.S0022-0302(88)79684-8

Sanguinetti VM, Adams C, Campbell J, Checkley SL and Windeyer C (2024)
An expert consensus study regarding management practices to prevent
infectious mortality in preweaned beef calves in western Canada. Veterinary
Sciences 11, 453. d0i:10.3390/vetsci11100453

Sanguinetti VM, Ganshorn H, Agbese S and Windeyer MC (2021) Protocol
for a systematic review of disease control strategies used to prevent infec-
tious mortality and morbidity in pre-weaned beef calves. Available at: https://
prism.ucalgary.ca/handle/1880/113381 (accessed 10 February 2025).

Sanguinetti VM, Strong K, Agbese S, Adams C, Campbell J, Checkley S,
Ganshorn H and Windeyer C (2025) A systematic review of disease control
strategies in beef herds, Part 2: Preweaned calf morbidity and mortality asso-
ciated with Neonatal Calf Diarrhea and Bovine Respiratory Disease. Animal
Health Research Reviews (Accepted).

Santinello M, Diana A, De Marchi M, Scali F, Bertocchi L, Lorenzi V,
Alborali GL and Penasa M (2022) Promoting judicious antimicrobial use
in beef production: The role of quarantine. Animal 12, 116. doi:10.3390/
anil2010116

Sargeant JM, Brennan ML and O’Connor AM (2022) Levels of evidence, qual-
ity assessment, and risk of bias: Evaluating the internal validity of primary
research. Frontiers in Veterinary Science 9, 960957. doi:10.3389/fvets.2022.
960957

Sargeant JM, Kelton DF and O’Connor AM (2014a) Study designs and sys-
tematic reviews of interventions: Building evidence across study designs.
Zoonoses and Public Health 61, 10-17. doi:10.1111/zph.12127

Sargeant JM, Kelton DF and O’Connor AM (2014b) Randomized controlled
trials and challenge trials: Design and criterion for validity. Zoonoses and
Public Health 61, 18-27. doi:10.1111/zph.12126

Sargeant JM and O’Connor AM (2014) Conducting systematic reviews of
intervention questions ii: Relevance screening, data extraction, assessing risk
of bias, presenting the results and interpreting the findings. Zoonoses and
Public Health 61, 39-51. doi:10.1111/zph.12124

Sargeant JM and O’Connor AM (2020) Scoping reviews, systematic reviews,
and meta-analysis: Applications in veterinary medicine. Frontiers in
Veterinary Science 7, 11. doi:10.3389/fvets.2020.00011

Schreiber P, Matheise JP, Dessy F, Heimann M, Letesson JJ, Coppe P and
Collard A (2000) High mortality rate associated with Bovine Respiratory
Syncytial Virus (BRSV) infection in Belgian white blue calves previously vac-
cinated with an inactivated BRSV vaccine. Journal of Veterinary Medicine,
Series B 47, 535-550. doi:10.1046/j.1439-0450.2000.00380.x

Schiinemann H, Brozek J, Guyatt G and Oxman A (2013) GRADE
Handbook. Available at: https://gdt.gradepro.org/app/handbook/handbook.
html (accessed 10 February 2025).

https://doi.org/10.1017/51466252325000015 Published online by Cambridge University Press

87

Sterne JAC, Hernan MA, Reeves BC, Savovic J, Berkman ND,
Viswanathan M, Henry D, Altman DG, Ansari MT, Boutron I,
Carpenter JR, Chan AW, Churchill R, Deeks JJ, Hroébjartsson A,
Kirkham J, Jiini P, Loke YK, Pigott TD, Ramsay CR, Regidor D,
Rothstein HR, Sandhu L, Santaguida PL, Schiinemann H]J, Shea B,
Shrier I, Tugwell P, Turner L, Valentine JC, Waddington H, Waters E,
Wells GA, Whiting PF and Higgins JPT (2016) ROBINS-I: A tool for
assessing risk of bias in non-randomised studies of interventions. BMJ 355,
i4919. doi:10.1136/bm;.i4919

Sterne JAC, Savovic ], Page MJ, Elbers RG, Blencowe NS, Boutron I, Cates CJ,
Cheng HY, Corbett MS, Eldridge SM, Emberson JR, Hernan MA,
Hopewell S, Hroébjartsson A, Junqueira DR, Jiini P, Kirkham JJ,
Lasserson T, Li T, McAleenan A, Reeves BC, Shepperd S, Shrier I,
Stewart LA, Tilling K, White IR, Whiting PF and Higgins JPT (2019) RoB
2: A revised tool for assessing risk of bias in randomised trials. BMJ 366,
14898. doi:10.1136/bm;.14898

Stokes RS, Ireland FA and Shike DW (2019) Influence of repeated trace
mineral injections during gestation on beef heifer and subsequent calf
performance. Translational Animal Science 3, 493-503. doi:10.1093/tas/
txy105

Theurer ME, Larson RL and White BJ (2015) Systematic review and meta-
analysis of the effectiveness of commercially available vaccines against
bovine herpesvirus, bovine viral diarrhea virus, bovine respiratory syncy-
tial virus, and parainfluenza type 3 virus for mitigation of bovine respira-
tory disease complex in cattle. Journal of the American Veterinary Medical
Association 246, 126-142. doi:10.2460/javma.246.1.126

Thrusfield MV and Christley R (2018) Veterinary Epidemiology, 4th. Hoboken:
John Wiley & Sons Ltd.

Tizard IR (2021) Vaccines for Veterinarians, 13 Edn. St. Louis: Elsevier.

Uetake K (2013) Newborn calf welfare: A review focusing on mortality rates.
Animal Science Journal 84, 101-105. doi:10.1111/asj.12019

United States Department of Agriculture Animal and Plan Health
Inspection Service Veterinary Services National Animal Health
Monitoring System (2021) Beef Cow-calf Health and Management
Practices in the United States, 2017, Report 2. Available at: https://
www.aphis.usda.gov/sites/default/files/beef-2017-part2.pdf (accessed
2 November 2024).

Van Emon M, Sanford C and McCoski S (2020) Impacts of bovine trace
mineral supplementation on maternal and offspring production and health.
Animals 10, 2404. doi:10.3390/ani10122404

Waldner CL (2008) The association between exposure to the oil and
gas industry and beef calf mortality in western Canada. Archives of
Environmental & Occupational Health 63,220-240. doi:10.3200/AEOH.63.4.
220-240

Waldner CL and Blakley B (2014) Evaluating micronutrient concentrations in
liver samples from abortions, stillbirths, and neonatal and postnatal losses
in beef calves. Journal of Veterinary Diagnostic Investigation 26, 376-389.
doi:10.1177/1040638714526597

Waldner CL, Jelinski MD and McIntyre-Zimmer K (2013) Survey of western
Canadian beef producers regarding calf-hood diseases, management prac-
tices, and veterinary service usage. The Canadian Veterinary Journal 54,
559-564.

Waldner CL, Parker S and Campbell JR (2019) Correction: Identifying perfor-
mance benchmarks and determinants for reproductive performance and calf
survival using a longitudinal field study of cow-calf herds in western Canada.
PLoS ONE 14, €0225401. doi:10.1371/journal.pone.0225401

Waldner CL and Rosengren LB (2009) Factors associated with serum
immunoglobulin levels in beef calves from Alberta and Saskatchewan and
association between passive transfer and health outcomes. The Canadian
Veterinary Journal 50, 275-281.

Waldner C, McLeod L, Parker S and Campbell J (2023) Update on copper
and selenium in Canadian cow-calf herds: Regional differences and esti-
mation of serum reference values. Translational Animal Science 7, txad062.
doi:10.1093/tas/txad062

Wang X and Cheng Z (2020) Cross-sectional studies: Strengths, weak-
nesses, and recommendations. Chest 158, S65-S71. doi:10.1016/j.chest.2020.
03.012


https://doi.org/10.1186/s13643-021-01626-4
https://doi.org/10.1136/vetreco-2018-000325
https://doi.org/10.1136/vetreco-2018-000325
https://doi.org/10.1093/tas/txz107
https://doi.org/10.1071/AN20056
https://doi.org/10.1071/AN20056
https://doi.org/10.3168/jds.s0022-0302(98)75836-9
https://doi.org/10.3168/jds.S0022-0302(88)79684-8
https://doi.org/10.3390/vetsci11100453
https://prism.ucalgary.ca/handle/1880/113381
https://prism.ucalgary.ca/handle/1880/113381
https://doi.org/10.3390/ani12010116
https://doi.org/10.3390/ani12010116
https://doi.org/10.3389/fvets.2022.960957
https://doi.org/10.3389/fvets.2022.960957
https://doi.org/10.1111/zph.12127
https://doi.org/10.1111/zph.12126
https://doi.org/10.1111/zph.12124
https://doi.org/10.3389/fvets.2020.00011
https://doi.org/10.1046/j.1439-0450.2000.00380.x
https://gdt.gradepro.org/app/handbook/handbook.html
https://gdt.gradepro.org/app/handbook/handbook.html
https://doi.org/10.1136/bmj.i4919
https://doi.org/10.1136/bmj.l4898
https://doi.org/10.1093/tas/txy105
https://doi.org/10.1093/tas/txy105
https://doi.org/10.2460/javma.246.1.126
https://doi.org/10.1111/asj.12019
https://www.aphis.usda.gov/sites/default/files/beef-2017-part2.pdf
https://www.aphis.usda.gov/sites/default/files/beef-2017-part2.pdf
https://doi.org/10.3390/ani10122404
https://doi.org/10.3200/AEOH.63.4.220-240
https://doi.org/10.3200/AEOH.63.4.220-240
https://doi.org/10.1177/1040638714526597
https://doi.org/10.1371/journal.pone.0225401
https://doi.org/10.1093/tas/txad062
https://doi.org/10.1016/j.chest.2020.03.012
https://doi.org/10.1016/j.chest.2020.03.012
https://doi.org/10.1017/S1466252325000015

88

WCCSS (2017) Western Canadian Cow-Calf Survey. Aggregate results.
University of Saskatchewan, Report. Available at: westernbeef.org/
pdfs/weees/2017_WCCCS_Summary-FINAL.pdf (accessed 11 January
2022).

Weaver DM, Tyler JW, Van Metre DC, Hostetler DE and Barrington GM
(2000) Passive transfer of colostral immunoglobulins in calves. Journal of
Veterinary Internal Medicine 14, 569-577. doi:10.1111/j.1939-1676.2000.
tb02278.x

Wennekamp TR, Waldner CL, Parker S, Windeyer MC, Larson K and
Campbell JR (2021) Biosecurity practices in western Canadian cow-calf
herds and their association with animal health. The Canadian Veterinary
Journal 62, 712-718.

https://doi.org/10.1017/51466252325000015 Published online by Cambridge University Press

V. Margarita Sanguinetti et al.

Windeyer MC and Gamsjéger L (2019) Vaccinating calves in the face of
maternal antibodies: Challenges and opportunities. The Veterinary Clinics of
North America Food Animal Practice 35, 557-573. doi:10.1016/j.cvfa.2019.
07.004

Windeyer MC, Leslie KE, Godden SM, Hodgins DC, Lissemore KD and
LeBlanc SJ (2014) Factors associated with morbidity, mortality, and growth
of dairy heifer calves up to 3 months of age. Preventative Veterinary Medicine
113, 231-240. doi:10.1016/j.prevetmed.2013.10.019

Wittum TE, Salman MD, King ME, Mortimer RG, Odde KG and Morris DL
(1994) Individual animal and maternal risk factors for morbidity and mor-
tality of neonatal beef calves in Colorado, USA. Preventative Veterinary
Medicine 19, 1-13. doi:10.1016/0167-5877(94)90010-8


https://westernbeef.org/pdfs/wcccs/2017_WCCCS_Summary-FINAL.pdf
https://westernbeef.org/pdfs/wcccs/2017_WCCCS_Summary-FINAL.pdf
https://doi.org/10.1111/j.1939-1676.2000.tb02278.x
https://doi.org/10.1111/j.1939-1676.2000.tb02278.x
https://doi.org/10.1016/j.cvfa.2019.07.004
https://doi.org/10.1016/j.cvfa.2019.07.004
https://doi.org/10.1016/j.prevetmed.2013.10.019
https://doi.org/10.1016/0167-5877(94)90010-8
https://doi.org/10.1017/S1466252325000015

	A systematic review of disease control strategies in beef herds, part 1: preweaned calf mortality
	Introduction
	Materials and methods
	Protocol and registration
	Eligibility criteria
	Population
	Interventions and comparators
	Outcome
	Study designs and report characteristics
	Information sources
	Search strategy
	Screening and selection process
	Data collection process
	Risk of bias
	Data synthesis

	Results
	Practices with statistically significant effects or associations reported
	Colostrum practices
	Timing of the calving season
	Length of the calving season
	Nutritional management and mineral supplementation in calves

	Practices with no statistically significant effects or associations reported
	Breeding and calving management
	Nutritional management and mineral supplementation
	Biosecurity
	Dam vaccination

	Practices removed from the review
	Nutritional management and mineral supplementation
	Vaccination
	Risk of bias assessment


	Discussion
	Conclusions
	References


