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Summary
Researchers designing trials should 
implement design features intended to 
reduce bias. These include random allo-
cation to intervention groups and blind-
ing of caregivers and outcome assessors. 
The method of generating the random 
sequence should be reported, as well as 
methods for stratification or blocking if 
used. When blinding is not possible, ob-
jectively measured outcomes should be 
used. Allocation concealment may not 
be essential when all eligible pens or an-
imals are enrolled and there is no prefer-
ence for intervention group. An a priori 
trial protocol should be made publicly 
available, and results for all outcomes 
evaluated should be reported.
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Resumen - Maximizando el valor y min-
imizando el desperdicio en la investig-
ación de pruebas clínicas en cerdos: 
Características de diseño para minimi-
zar el sesgo

Los investigadores que diseñan prue-
bas deben implementar características 
de diseño destinadas a reducir el sesgo. 
Estas incluyen la asignación aleato-
ria de los grupos de intervención y el 
cegamiento de los guardianes y de los 
evaluadores de los resultados. Se debe 
informar el método de generación de 
la secuencia aleatoria, así como los mé-
todos de estratificación o bloqueo, si es 
que se utilizan. Cuando no es posible el 
cegamiento, se deben utilizar resultados 
medidos objetivamente. El ocultamiento 
de la asignación puede no ser esencial 
cuando todos los corrales o animales 
cualificados están registrados y no hay 
preferencia por el grupo de interven-
ción. Se debe presentar públicamente a 
priori el protocolo de la prueba e infor-
mar todas las conclusiones de los resul-
tados evaluados.

Résumé - Maximiser la valeur et mini-
miser le gaspillage dans la recherche 
par essais cliniques chez le porc: Car-
actéristiques de conception pour mini-
miser les biais

Les chercheurs qui conçoivent des es-
sais doivent mettre en œuvre des car-
actéristiques de conception destinées 
à réduire les biais. Celles-ci compren-
nent l’attribution aléatoire aux groupes 
expérimentaux et la mise en aveugle 
des soignants et des évaluateurs des ré-
sultats. La méthode de génération de la 
séquence aléatoire doit être signalée, 
ainsi que les méthodes de stratifica-
tion ou de blocage si elles sont utilisées. 
Lorsque la mise en aveugle n’est pas pos-
sible, des résultats mesurés objective-
ment doivent être utilisés. La dissimu-
lation de l’attribution peut ne pas être 
essentielle lorsque tous les enclos ou an-
imaux éligibles sont inscrits et qu’il n’y a 
pas de préférence pour le groupe expéri-
mental. Un protocole d’essai a priori doit 
être mis à la disposition du public et les 
résultats pour tous les résultats évalués 
doivent être communiqués.

Evidence-based decision making 
includes the use of evidence from 
research studies. When evaluating 

the efficacy of an intervention, where it 
is ethical and feasible to assign animals 
to intervention groups, clinical trials 
have the highest evidentiary value of the 
primary research study designs.1 Clini-
cal trials are controlled trials or experi-
ments conducted to evaluate products or 

procedures outside of a laboratory set-
ting. When treatment allocation includes 
a formal random process for assigning 
animals (or pens) to intervention groups, 
clinical trials are referred to as random-
ized controlled trials (RCTs). When de-
signing a clinical trial, it is important 
to include design features intended to 
reduce the potential for bias. Bias is de-
fined as a difference between the study 

results and the truth (ie, the true effect 
of the interventions).2 The effect of most 
interventions is relatively small.3 There-
fore, it can be difficult to distinguish be-
tween true intervention effects and bias. 
This can lead to invalid interpretations 
of intervention effects and therefore, 
inappropriate use of interventions by 
individuals using the results of the trial 
for decision making. If trials are thought 
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to be biased, it is increasingly common 
to recommend that they are excluded 
from the evidence base. Exclusion from 
the evidence base means that the study 
results are not used, the resources devot-
ed to the trial are wasted, and the trial 
needs be conducted again to get infor-
mative results. 

Several trial design features have been 
associated with risk of bias. Meta-
epidemiological studies evaluating 
large numbers of human clinical trials 
show that inadequate randomization, 
lack of allocation concealment, and 
nonblinding of patients and outcome 
assessors are associated with exagger-
ated intervention effects.4,5 Statistically 
significant outcomes are more likely to 
be reported in a publication compared 
to outcomes that were not significant, 
leading to bias due to selective outcome 
reporting.6

The objective of this commentary is to 
review these features in the context of 
clinical trials conducted in swine and to 
discuss ways in which biases associated 
with these features can be minimized to 
avoid research wastage and maximize 
research utility. 

Randomization
When conducting a clinical trial, it is 
important that the intervention groups 
are similar in terms of the distribution 
of prognostic factors (characteristics 
that are associated with the outcome) 
at the start of the experiment. For ex-
ample, in a trial evaluating the efficacy 
of an intervention to prevent mortality, 
it is possible that age or animal weight at 
the time of application of the interven-
tion is a prognostic factor. If this is true, 
and the age or weight distribution of the 
animals differs between the intervention 
groups, then the results of the trial will 
be biased (ie, will not reflect the true in-
tervention efficacy). To address this type 
of bias, it is important the eligibility cri-
teria related to these prognostic factors 
are clearly described. For example, the 
authors might limit eligibility to weaned 
pigs between 5 and 7 kg. Then, random 
allocation (ie, randomization) should be 
used to assign animals to intervention 
groups. The term “random” has a pre-
cise meaning, wherein each “study unit” 
has a known probability of receiving a 
given intervention at the time of alloca-
tion. The actual intervention allocated 
to each study unit is determined by a 
chance process and cannot be predicted. 
Depending on the type of interventions, 
the study unit may be an animal or a 

grouping of animals. For instance, if the 
intervention of interest would normally 
be given to an individual animal (eg, in-
dividual treatments to reduce disease se-
verity or duration), then the intervention 
should be allocated at the animal level. 
If the intervention would normally be 
given to groups (eg, evaluating floor sur-
faces to improve welfare), then the inter-
vention would be allocated at the group, 
pen, or barn level. The unit of allocation 
in some trials may differ from the unit 
of analysis; in a trial where the interven-
tion is allocated at a group level (eg, floor 
design), the outcome may be measured 
at the individual level (eg, presence or 
absence of lameness in individual pigs) 
or at the group level (eg, total feed con-
sumption). In this example, if the lame-
ness outcome was measured at the in-
dividual level, pigs within a pen would 
not be statistically independent (ie, clus-
tering of responses within pen occurs). 
This could be addressed by using a group 
level outcome for lameness (eg, percent-
age of lame pigs within a pen), thereby 
making the unit of analysis the same as 
the unit of allocation. However, this ap-
proach may have low statistical power 
because the unit of analysis, and there-
fore the sample size, is at the pen level. 
Alternatively, the unit of analysis could 
be the individual level with a binary out-
come of lame or not lame for each pig 
with clustering within pen controlled in 
the analysis.

Random allocation to intervention 
groups is not difficult to achieve and 
should be encouraged. However, ran-
dom allocation is not reported in a 
substantial number of swine trials 
and, even when trials are described as 
random, reporting of the methods of 
randomization often is suboptimal. Re-
porting the method used to generate the 
random sequence is recommended in 
the REFLECT-statement guidelines for 
reporting clinical trials in livestock.7,8 
In an evaluation of reporting quality in 
RCTs, the method of random sequence 
generation was not reported in 79.8% 
(91 of 114) of RCTs published in veteri-
nary journals, compared to 6.7% (4 of 
60) of RCTs published in human medi-
cal journals.9 In a systematic review 
of 44 trials evaluating the efficacy of 
antibiotics to prevent respiratory dis-
ease in swine,10 random allocation was 
described in 23 trials (52%; although the 
method used to generate the random se-
quence was not described in 17 of these 
trials), 4 trials (9%) did not use random 
allocation, and there was no information 

provided on the method of allocation in 
17 trials (39%). Failure to randomize has 
been associated with exaggerated inter-
vention effects, as shown in evaluations 
of trials conducted in livestock.11-13 For 
the trials included in the systematic re-
view of antibiotics to prevent respiratory 
disease,10 and assuming that randomiza-
tion was correctly implemented in the 
trials where information on the random 
sequence generation was not reported, 
it could be argued that 50% of the trials 
presented results which are not credible. 
If the results are not credible, then they 
should be excluded from consideration 
in decision making due to concerns over 
bias in the results. Conducting research 
that is not included in decision making 
decreases the value of the original re-
search investment and thereby contrib-
utes to research waste. However, it is en-
couraging that reporting of the method 
for generating the random sequence 
increased in vaccine trials conducted 
in swine from 8% prior to publication 
of the REFLECT-statement to 67% after 
publication.14 

It might be argued that randomization 
is not needed in swine trials where the 
population of pigs within a production 
stage are homogeneous in terms of breed, 
weight, and diet. However, in mouse 
models of stroke, where the animals  
arguably are even more homogeneous, 
reported efficacy was significantly lower 
in studies that were randomized com-
pared to those where randomization was 
not reported.15 

Random allocation of study units to in-
tervention groups should be possible 
in all swine trials. One option is to use 
a random number generator. This can 
be done in Excel (Microsoft Corpora-
tion) using the RAND function under 
the formulas tab, which results in a list 
of random numbers between 0 and 1. If 
the trial has 2 intervention arms (eg, the 
intervention of interest and a single con-
trol group), then even numbers from the 
random number list could be assigned 
to one group and odd numbers to the 
other. Other random methods include a 
coin toss, dice roll, or drawing numbers 
from a container, which can be done in 
a barn or as pigs are unloaded or moved 
to a new barn or pen. Deterministic al-
location methods, such as alternate ani-
mal identification numbers, days of the 
week, or birth order are not random16 
and may lead to the allocation sequence 
being predictable, which then could lead 
to biased results.
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Although the purpose of randomization 
is to minimize important differences 
between intervention groups, simple 
randomization may not be sufficient in 
studies with small sample sizes. Strati-
fied randomization is one method that 
can be used to minimize differences be-
tween groups in important prognostic 
factors, particularly when sample sizes 
are small. With this method, animals 
are randomly allocated to intervention 
groups within strata of an important 
prognostic factor.17,18 For example, if re-
searchers are interested in conducting 
a trial of a feed additive for improving 
average daily gain but believe that sex is 
an important predictor of average daily 
gain, having more male pigs in one in-
tervention group compared to the other 
group will cause the trial results to be 
biased. Stratified randomization would 
involve randomly allocating male pigs to 
intervention groups and then randomly 
allocating female pigs to intervention 
groups as a separate step. This approach 
will help to balance the number of 
male and females between intervention 
groups. Other examples include stratifi-
cation of piglets within dam in vaccine 
trials to control for genetics and mater-
nal antibodies, or stratifying based on 
predefined sections in a barn to reduce 
the risk that intervention groups will be 
unevenly placed near fans, which may 
affect performance outcomes. However, 
when stratified randomization is used, 
it is important to adjust for the factors 
used for stratification in the analysis to 
provide a valid inference.19

Another concern with small sample siz-
es is that the number of individuals per 
group can end up substantially different 
based on chance. Block randomization, 
also called permuted block randomiza-
tion, can be used to create an equal num-
ber of individuals in each intervention 
group.16,17 Block randomization consists 
of dividing the number of study subjects 
into smaller groups, or blocks, and ran-
domly allocating animals to intervention 
groups within blocks. For instance, if 
there were 20 animals and 2 intervention 
groups, animals could be randomly allo-
cated in 5 blocks of 4 animals each, with 
an equal number of intervention groups 
A and B assigned within each block.

Allocation concealment
Allocation concealment is another trial 
feature used to minimize the potential 
for bias due to differences in prognostic 
factors between intervention groups at 
the start of an experiment. The concept 

is that allocation may be circumvented 
because the person enrolling animals 
or pens might have a preference for 
the intervention a participant(s) might 
receive. If acted upon, consciously or 
subconsciously, such a preference could 
disrupt the balance in the intervention 
group achieved by random allocation. 
Therefore, allocation concealment refers 
to methods used to ensure that the per-
son allocating study units to treatment 
groups and patients (or animal owners 
in the case of swine trials) are not aware 
of the random sequence, ie, they do not 
know whether the next study subject 
enrolled will be allocated to group A or 
B.20 Allocation concealment may involve 
having a third-party person not involved 
in patient recruitment manage the al-
location sequence. Once the investigator 
has enrolled a new study subject into a 
trial, the third-party person tells the in-
vestigator the intervention assignment. 
In human trials, allocation concealment 
is considered a critical trial feature; tri-
als not employing allocation conceal-
ment are considered to be at high risk 
of bias.21 In an evaluation of compre-
hensive reporting in 31 swine vaccine 
trials, allocation concealment was not 
described in any trial.14 However, in 
many swine trials, it is probable that the 
owner and person enrolling pens or ani-
mals in the trial and allocating them to 
intervention groups do not have a prefer-
ence for the intervention group for any 
specific animal or pen of animals. This 
would be true when owners do not have 
a differential attachment to specific pigs 
and do not know the potential produc-
tion value of a specific pig or pen of pigs 
at the time of study enrollment. If this is 
the case, then failure to conceal alloca-
tion at the time of enrollment may not be 
associated with bias and allocation con-
cealment may not be an essential trial 
component.14 Researchers designing a 
trial should consider whether there is 
potential for one intervention to be pre-
ferred over another for animals or pens 
and decide whether allocation should 
be concealed on this basis. If allocation 
concealment is not used, the decision 
should be justified in the trial report. 
Ideally, concealing allocation when pos-
sible removes doubt about this potential 
source of bias and is usually a small ef-
fort for a lot of gain. If allocation is con-
cealed, decision makers will have no 
concerns about bias due to circumvent-
ing randomization, and therefore about 
incorporating the results of the study 
into the decision-making process. Thus, 
results of the trial will not be wasted. 

Blinding
The term blinding refers to methods used 
to prevent individuals involved in a trial 
from knowing which study units are as-
signed to which interventions.22 This may 
include some or all of animal owners, 
managers, or caregivers, investigators, 
individuals collecting outcome informa-
tion (outcome assessors), and individuals 
conducting the statistical analysis. Blind-
ing is used to prevent the potential for 
differential assessment of outcomes and 
differential care of the animals between 
the intervention groups, which could bias 
the trial results. When describing the 
use of blinding, the tasks that are blinded 
should be articulated rather than using 
the terms “single” or “double” blind; al-
though these terms are common in the 
literature, they are ambiguous and may 
be interpreted differently by different in-
dividuals.23 For instance, it is clearer to 
state that “owners and outcome assessors 
were blinded to intervention group”, rath-
er than “the trial was double blinded.”

In a systematic review of 44 trials evalu-
ating the efficacy of antibiotics to prevent 
respiratory disease in swine,10 blinding 
of caregivers and outcome assessors was 
described in 7 trials (16.0%), nonblind-
ing was explicitly described in 2 trials 
(4.5%), and no information was provided 
on whether caregivers and outcome as-
sessors were blinded in 35 trials (79.5%). 
In swine vaccine trials evaluated for 
completeness of reporting, blinding of 
caregivers, individuals administering 
the interventions, and outcome asses-
sors was reported in 15 of 42 trials (36%) 
prior to publication of the REFLECT-
statement and 12 of 19 (63%) of trials after 
publication.14

Not all trials can be blinded, and lack of 
blinding does not always lead to a biased 
result. For instance, if a trial is designed 
to compare pig stress outcomes when 
blood sampling is conducted from ear 
veins as compared to when sampling is 
conducted from jugular veins, or if the 
trial was comparing pelleted feeds to 
mash, the intervention groups would be 
visibly obvious. However, if blinding is 
not possible or not used, the potential for 
bias is less if the outcome can be objec-
tively measured.22 

Various methods can be used to blind 
individuals to intervention allocation. If 
the intervention is a drug or a biologic, 
such as a vaccine, it may be possible to 
have a control group that looks identical 
but without the active ingredient. This 
would allow blinding of caregivers and 
outcome assessors, who may or may not 
be the same individuals, and also po-
tentially investigators if a third-party 
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provides the allocated interventions. 
An additional layer of caregiver blind-
ing could be used for interventions that 
are given at a single timepoint, such as 
vaccines, if the investigator applies the 
intervention without the caregiver be-
ing present. If the analysis is conducted 
by a statistician or epidemiologist who 
is not otherwise involved in the trial, it 
is simple to blind the analyst by coding 
the interventions as “A” or “B”, rather 
than naming the actual intervention in 
the dataset. If blinding can be used, this 
removes doubt about awareness of inter-
vention group as a source of bias lead-
ing to invalid results. The results will be 
used to their maximum potential, which 
is surely the goal when using animals 
and resources for research. 

Selective outcome 
reporting
It is common for multiple outcomes to be 
reported in clinical trials; in an evalua-
tion of reporting quality of 100 trials in 
livestock populations, 91 trials had more 
than one outcome.12 However, there is 
evidence from human healthcare evalua-
tions that not all outcomes that have been 
evaluated in a trial have their results in-
cluded in the trial report.24,25 Selecting a 
subset of the outcomes that were evalu-
ated in a trial based on the results is re-
ferred to as selective outcome reporting. 
If the outcomes associated with signifi-
cant intervention benefit are more likely 
to be reported, the overall trial results 
may be misleading. Determining whether 
selective outcome reporting has occurred 
requires that an a priori trial protocol is 
publicly available. The protocol should 
identify the primary outcome(s) in the 
trial, as well as any secondary outcomes 
that will be measured. Then, results for 
all primary and secondary outcomes 
should be reported in the trial report. 
A search of the trial registries in the 
American Veterinary Medical Associa-
tion (AVMA) Animal Health Studies Data-
base (https://ebusiness.avma.org/aahsd/
study_search.aspx) in March 2022 did not 
identify any trials conducted in swine. 
Therefore, the extent to which selective 
outcome reporting is an issue in swine 
trials is unknown. However, swine tri-
als conducted by industry groups, phar-
maceutical companies, and academics 
require a trial protocol to receive ethical 
approval. If researchers posted these 
protocols to trial registries, such as the 
AVMA Animal Health Studies Database, it 
would allow an evaluation of outcome re-
porting which would increase confidence 
in, and therefore value of, clinical trials 
in swine.

Implications
• 	Biased trial results can lead to inap-

propriate use of interventions.
• 	Biased trial results may lead to ex-

clusion from decision making.
• 	Biased trial results do not maximize 

the research investment.
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