
The REFLECT Statement: Methods and Processes of Creating
Report ing Guidel ines for Randomized Control led Trials for

Livestock and Food Safety

A.M. O’Connor, J.M. Sargeant, I.A. Gardner, J.S. Dickson, M.E. Torrence, and consensus meeting
participants: C.E. Dewey, I.R. Dohoo, R.B. Evans, J.T. Gray, M. Greiner, G. Keefe, S.L. Lefebvre,

P.S. Morley, A. Ramirez, W. Sischo, D.R. Smith, K. Snedeker, J. Sofos, M.P. Ward, R. Wills

The conduct of randomized controlled trials in livestock with production, health, and food-safety outcomes presents unique

challenges that might not be adequately reported in trial reports. The objective of this project was to modify the CONSORT

(Consolidated Standards of Reporting Trials) statement to reflect the unique aspects of reporting these livestock trials. A 2-day

consensus meeting was held on November 18–19, 2008 in Chicago, IL, to achieve the objective. Before the meeting, a Web-

based survey was conducted to identify issues for discussion. The 24 attendees were biostatisticians, epidemiologists, food-

safety researchers, livestock production specialists, journal editors, assistant editors, and associate editors. Before the meeting,

the attendees completed a Web-based survey indicating which CONSORT statement items would need to be modified to ad-

dress unique issues for livestock trials. The consensus meeting resulted in the production of the REFLECT (Reporting

Guidelines for Randomized Control Trials) statement for livestock and food safety and 22-item checklist. Fourteen items were

modified from the CONSORT checklist, and an additional subitem was proposed to address challenge trials. The REFLECT

statement proposes new terminology, more consistent with common usage in livestock production, to describe study subjects.

Evidence was not always available to support modification to or inclusion of an item. The use of the REFLECT statement,

which addresses issues unique to livestock trials, should improve the quality of reporting and design for trials reporting pro-

duction, health, and food-safety outcomes.
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R
andomized controlled trials (RCTs) are considered
the gold standard for evaluation of the efficacy of

interventions in human and veterinary medicine. In hu-
man medicine, inconsistencies with the reporting of
intervention studies have been documented over the past
10–15 years.1–6 To address these deficiencies, several ini-
tiatives were implemented to improve the transparency
of the conduct and reporting of intervention studies.
The best-known initiative is the CONSORT statement
(Consolidated Standards of Reporting Trials). The
CONSORT statement was published in 1996,7 with a re-
vised version published in multiple journals in 2001.8–11

The CONSORT statement is based on a 2-group parallel
design. Extensions of the CONSORT statement deal
with the unique features of different designs, such as
cluster trials,12–14 harms,15 herbal interventions,16–18,a

and nonpharmacological interventions.19 These CON-
SORT statements are intended to improve the reporting
of RCTs and consequently to assist readers in understand-
ing a trial’s design, conduct, analysis, and interpretation
and in assessing the internal and external validity of a
trial’s results. The CONSORT statement emphasizes that
this can only be achieved through complete transparency
from authors. The revision of the original CONSORT
statement and the subsequent extension for cluster trials
has been adopted as the standard by at least 100 medical
journals. There is evidence that use of the CONSORT
statement in human medical journals has improved the
quality of reporting of RCTs.20,21

The issue of inferior quality of veterinary RCT reports
was first raised in editorials and commentaries in veteri-
nary journals in the early to mid-1990s.22–24 Recently,
several systematic reviews of therapeutic, preventive, and
food-safety trials in livestock species have highlighted the
need for better reporting.25–29 Better design, analysis,
and reporting are critical to having a high-quality body
of evidence that can be used for better decision making.
Although the use of the 22-item checklist from the CON-
SORT statement could form the basis of an instrument
to improve the quality of reporting for trials in livestock
species, there are differences between human and live-
stock trials that necessitate some modifications to the
existing CONSORT statement to maximize the benefits
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of its use for livestock species. The differences include 2
types of ‘‘participants’’ (the animals’ owners/managers
who consent to participation in a trial, and the animals
who are the actual study subjects), the common use of
clustered study designs, the use of a deliberate challenge
to animals with infectious agents in some trials (challenge
trials), and nonclinical outcomes (eg, production indi-
ces). These differences make the direct use of the
CONSORT statement challenging.
The aim of this report is to describe the methods and

processes used to develop an extension of the CONSORT
statement that could form the basis for standardized
reporting guidelines for trials using livestock and that
addresses issues unique to livestock research with pro-
duction, health, and food-safety outcomes.

Methods

The process for extending the CONSORT statement
to other applications is well documented.30,31 We used
these reports to design the approach used for the modi-
fication reported here.

Steering Committee

A steering committee was responsible for the develop-
ment of the revised CONSORT statement. This group of
6 members was formed in March 2008. The committee
agreed on the need to modify the original CONSORT
statement and to use the approach reported previously as
the guideline for the modification.30 The committee se-
cured funding for the project, identified potential
participants, invited the potential participants to attend
a consensus meeting, organized the meeting, and was re-
sponsible for subsequent steps involved in report
preparation and publication.

Funding

Funding was required to cover the costs of the consen-
sus meeting (eg, travel, accommodation, meeting rooms).
The decision was made by the steering committee not to
seek funding from pharmaceutical or biological compa-
nies commonly associated with livestock production.
Efforts to obtain funding were limited to government
agencies and not-for-profit, nongovernment organiza-
tions. Funding was received from the USDA Food
Safety and Response Network (Grant 2005-35212-
15287), National Pork Board; Laboratory for Food-
borne Zoonoses (Public Health Agency of Canada),
Applied Public Health Research Chair program spon-
sored by the Canadian Institutes of Health Research’s
Institute of Population and Public Health and the Public
Health Agency of Canada, The Association for Veteri-
nary Epidemiology and Preventive Medicine, and The
American Meat Institute Foundation. Sufficient funds
were obtained to pay for all expenses for the participants
at the consensus meeting. Sufficient money was not ob-
tained to fund travel costs for all participants; therefore,
some participants funded their own travel and the source
of these funds was not identified.

Identification of Participants

The committee’s aim was to bring together a group
of experts familiar with field trials or challenge studies
in livestock species with production, health, and food-
safety outcomes. Another aim was to include at least
1 representative from each major animal-protein pro-
duction system (beef, dairy, swine, poultry, and aquacul-
ture). Representation from major livestock-trading
nations was also solicited because of different regulations
governing interventions for protein-based foods around
the world. The end users of the data, including but not
limited to editors, government officials, and risk asses-
sors, were also represented.

The committee decided to limit the size of the meeting
to 26 participants, including the 6 committee members.
The size limitation was arbitrary, but based on funding
and the need for a group size that facilitated interaction.
Using the criteria described previously for the desired
mix of participants, the steering committee identified 20
experts, many with multiple areas of expertise, for invi-
tation. The list of 20 experts was divided among the
steering-committee members, who then extended an in-
vitation to the experts. When an initial invitation was
declined, the committee discussed an alternate who was
then contacted.

Identification of Specific Issues

Using the approach described previously,30 a survey
was sent to the invitees and committee members solicit-
ing input on each CONSORT statement checklist item to
improve relevance to livestock health, production, and
food safety. This survey was administered by staff at
Iowa State University and was granted an exception
from human subjects approval by the ISU institutional
review board. The survey included the 22 items of the
original CONSORT statement and asked the partici-
pants to indicate if each item should be modified (yes/
no) and if yes, to describe the rationale for modification.
The survey was administered by Web-based software, or
the participants could fill out a Microsoft Word copy of
the survey and return it to a member of the steering
committee.

After the surveys were returned, the responses for each
checklist item were compiled. This included the number
of respondents who had indicated yes/no for modifica-
tion and the associated comments. The names of the
participants were removed from their comments.

Boutron et al30 ranked the CONSORT checklist items
based on the number of ‘‘votes’’ for modification; how-
ever, ranking was not done before this particular
meeting. The rationale for modifying the approach was
to allow more discussion about the items and to ensure
that issues with few comments were also considered at
the meeting.

The Consensus Meeting

A 2-day consensus meeting was held on November 18–
19, 2008, in Chicago, IL. At the meeting, participants
were provided with the following materials: (1) a copy of
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the CONSORT statement,8 (2) a copy of the CONSORT
explanation and elaboration document,32 and (3) a copy
of the document describing the process of modifying the
CONSORT statement for extensions to an additional
application.30 The participants were also provided with a
complete list of the comments from the Web-based sur-
vey and a list describing how often each CONSORT item
had been reported in a study of 100 livestock trials re-
porting production or health outcomes, and 100 trials
reporting preharvest food-safety outcomes.33,34

The meeting began with several presentations about
the CONSORT statement, the results from the reviews of
livestock-trial reporting, and a discussion of the ap-
proach to reaching consensus that would be used. Three
voting criteria were suggested and discussed as indicators
of consensus: 100% of participants must agree,480% of
participants must agree, or a simple majority (450%). A
secret ballot was taken to determine the level of agree-
ment that would represent consensus. Participants
indicated their preference on a blank piece of paper. The
ballots were collected, counted, and reported to the
group.
For the remainder of the meeting, the following ap-

proach was used for CONSORT checklist items 1–22.
First, the participants were divided into 3 groups (deter-
mined by the steering committee) to include a mix of
expertise from each subgroup (biostatisticians, epidemiolo-
gist, food-safety researchers, livestock-production special-
ists) and asked to discuss a CONSORT checklist item. At
the end of the time designated for discussion (approxi-
mately 20min/item), representatives from each group
presented the opinions of the group. After all groups had
presented their opinions, a discussion followed, and a pro-
posed modification (or not) was drafted. Each group kept
notes of the discussion, which included many comments
about issues that should be included in the explanation and
elaboration document.
The discussion sessions were moderated by 1 of 2

members of the steering committee (A.O.C. and J.M.S.).
At the end of discussion, participants were asked to vote
yes or no for the proposed item (modification or not) and
paper ballots were collected, counted, and reported to the
group. If an item received sufficient votes to indicate
consensus, it was accepted; if it did not, it was tabled for
further discussion at the end of the meeting.

Preparation of Reporting Guidelines

After the meeting, the steering committee compiled a
draft report of the meeting, which included the proposed
modifications, an explanation and elaboration docu-
ment, and a request for feedback from participants. The
steering committee collated the comments and suggested
revisions and then developed the modified CONSORT
statement for trials in livestock species with production,
health, and food-safety outcomes.

Results

Twenty-four experts were invited and 20 accepted, but 1
subsequently was unable to attend. Of the 6 steering-com-

mittee members, 5 attended. The meeting was attended by
24 experts (19 invitees and 5 steering-committee mem-
bers), as well as a postdoctoral fellow working for 1 of the
steering-committeemembers (J.M.S.) and 1 record keeper.
The 24 experts included biostatisticians, epidemiologists,
food-safety researchers, and livestock-production special-
ists. Some participants had multiple areas of expertise.
Among the group members, 7 were journal editors or as-
sistant/associate editors. One participant was working in
Australia, another in Germany; 5 were working in Can-
ada, and the remainder in the United States. One expert
worked almost exclusively in poultry production and food
safety, 1 expert was familiar with aquaculture (although
not exclusively), 5 worked extensively on food safety and/
or production issues in beef production, 3 worked exten-
sively on food safely and/or production in swine, and 5
worked extensively in dairy food safety and/or produc-
tion. The group included 2 PhD-level statisticians with
many years experience in livestock-industry research. Five
participants frequently conducted challenge trials with
production and food-safety outcomes. Three participants
were employed by government agencies.

The premeeting, Web-based survey was completed by
25 of the invited experts and steering-committee mem-
bers; however, 2 invitees provided the responses on the
day before the meeting, and these could not be incorpo-
rated into the materials for the meeting. All of the
steering-committee members completed the Web-based
survey. The results of the survey are presented in Table 1.
It was unclear why respondents did not answer some
questions. This might have been related to the individual
respondent’s level of familiarity with specific CONSORT
statement items before the meeting or to an individual’s
area of expertise; eg, some participants might not have
felt qualified to comment on the presentation of statisti-
cal methods.

Voting rights were extended to everyone at the meeting
except the record keeper. The moderators for the item
discussion sessions (A.O.C. and J.M.S.) abstained from
voting for the CONSORT-item modifications. It was de-
cided that 480% of votes would represent consensus.
Hence, with 2 abstentions from the moderators, 19 of 23
votes were required to achieve the threshold for consen-
sus (80%), although because of absence from the room,
occasionally fewer than 23 people voted. The meeting
participants voted to accept the wording presented in Ta-
ble 2. For 14 items, this meant voting for wording that
modified the original CONSORT item; in the other in-
stances, this meant accepting no change in the wording
from the original CONSORT item; and in 1 instance, the
vote was to add 1 subitem (Table 3). Four items (1, 5, 6,
and 7) were tabled for further discussion before voting.
Tabling involved returning to the item for further discus-
sion later in the meeting. After this further discussion, the
vote was taken for the modified wording for items 1, 5,
and 7 (Table 2) and to retain the exact CONSORT item
wording for Item 6. The majority of changes were made
to address the issue of clustering of animal populations
(items 3, 7–13, 15). It was deemed critical that this infor-
mation be conveyed correctly to ensure understanding
of the study design and therefore must be part of the
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CONSORT statement rather than just be further clari-
fied in the supporting documents. There is a need for
clear identification of the unit of allocation of the inter-
vention and the unit of assessment and inference.
Interventions can be allocated at any level of the organi-
zational structure and the outcome assessed at the same
or lower level. A clear understanding of the level of allo-
cation and outcome assessment is essential for assessing
both the internal and external validity of a study.
Another issue was associated with the housing used for

animals. In livestock trials, nonindependence of observa-
tions can arise because animals are often housed and
managed in groups. Animals housed together have some-
thing more in common than animals housed separately,
as they share the same microclimate, ration, health-man-
agement procedures, etc. Failure to properly account for
nonindependence of the data in the statistical analysis
results in a violation of the association of independence
that underlies many statistical procedures. For example,
beef calves at several cow-calf farms can be allocated to
treatment and then transported to several feedlots, where
calves from multiple farms are commingled in pens.
Calves from the same farm or housed in the same pen or
feedlot have something more in common than calves at a
different farm or in a different pen or feedlot. This orga-

nizational structure must be conveyed and accounted for
in the analysis. In the above example, the organizational
structure is not hierarchical, as the farm is not always
nested within pens or feedlot; ie, calves from 1 farm can
go to multiple pens or feedlots. In other studies, the or-
ganizational structure can be hierarchical. For example,
swine can be studied within pens, within barns, within
sites, and within production companies. In poultry stud-
ies, hens can be studied in multihen cages within houses,
within sites, and within production companies. As the
organizational structure is not always hierarchical, the
recommendation is to use the term ‘‘organizational struc-
ture’’ rather than ‘‘hierarchy’’ when requesting this
information. Attendees agreed that, in addition to mod-
ifying several of the items, further discussion of this issue
would be included in an explanation and elaboration
document.

The proposed additional item (subitem 4b) referred
to challenge studies. Livestock trials with production,
health, and food-safety outcomes are frequently con-
ducted in research settings in which experimental
challenge of trial animals (often with pathogenic organ-
isms) is under the control of the researcher. Many of the
issues of allocation to treatment and blinding apply
equally to field and challenge studies; however, there
was agreement that the reporting of the challenge regi-
men was critical to understanding a study, but was
poorly reported in many studies. Therefore, this addi-
tional item (4b) and the corresponding explanation and
elaboration were added. Other modifications that ad-
dressed challenge studies included items 1 and 20.

In addition, the use of ‘‘participant’’ in the original
CONSORT statement was limited to refer only to ani-
mals’ owners/managers, who consent to participation in
the trial. The term ‘‘study unit’’ was preferred for the
units within the study. Study units can further be classi-
fied as ‘‘allocation units’’ and ‘‘outcome units.’’ For
example, a study might allocate udder halves to receive
the treatment, therefore the allocation unit is the udder
half; however, the outcome might be measured on the in-
dividual teat, ie, the outcome unit.

Discussion

Quality reporting is essential because it allows the
reader to assess the conduct of design, analysis, and re-
ported outcomes and make appropriate judgment about
the internal and external validity of the study. Improving
the quality of information available to end users of re-
search, such as veterinarians, producers, industry bodies,
and regulatory authorities, was the primary motivation
for this initiative. Decision makers at all levels of animal-
protein production from the farm to the fork are con-
stantly pressured to provide science-based rationale for
recommendations. Without high-quality reporting, this
is extremely difficult.

In recent years, several reviews have reported an er-
ratic quality of reporting.25,27–29 These reviews have
shown empirical evidence of potential biases associated
with the lack of reporting of some basic trial features,
such as randomization and blinding (items 8–11).25 In

Table 1. Voting responses for modification of a CON-
SORT item in the premeeting Web-based survey and
during the consensus meeting (yes votes/total votes).

CONSORT

Item

Premeeting

Surveya

Votes to Accept the

Modification

Proposed During the

Consensus Meetingb

1 5/25 21/21c

2 6/25 21/22

3 14/23 22/22

4 4/17 20/23

5 4/20 23/23c

6 4/18 22/23c

7 7/21 20/23c

8 3/22 19/23

9 4/23 21/21

10 5/22 19/23

11 8/17 23/23

12 6/23 22/22

13 5/22 23/23

14 6/22 22/23

15 7/23 21/21

16 3/20 21/21

17 5/21 21/21

18 0/22 21/21

19 3/21 21/21

20 3/22 21/21

21 4/22 21/21

22 0/21 21/21

aA ‘‘yes’’ vote indicated that the original CONSORT item (Table

3) required modification to address intervention studies in livestock

and food safety.
bA ‘‘yes’’ vote indicated acceptance for the proposed modification

as listed in Table 3.
cItem tabled and voted on at the end of the day.
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Table 2. Checklist of items for the REFLECT statement: reporting guidelines for randomized control trials in live-
stock and food safety.

Paper Section

and Topic Item Descriptor of REFLECT Statement Item

Reported

on

Page #

Title and

abstract

1 How study units were allocated to interventions (eg, ‘‘random allocation,’’ ‘‘randomized,’’ or

‘‘randomly assigned’’). Clearly state whether the outcome was the result of natural exposure or

was the result of a deliberate agent challenge

Introduction

background

2 Scientific background and explanation of rationale

Methods

participants

3 Eligibility criteria for owner/managers and study units at each level of the organizational structure,

and the settings and locations where the data were collected

Interventions 4 Precise details of the interventions intended for each group, the level at which the intervention was

allocated, and how and when interventions were actually administered

4b Precise details of the agent and the challenge model, if a challenge study design was used

Objectives 5 Specific objectives and hypotheses. Clearly state primary and secondary objectives (if applicable)

Outcomes 6 Clearly defined primary and secondary outcome measures and the levels at which they were

measured, and, when applicable, any methods used to enhance the quality of measurements

(eg, multiple observations, training of assessors)

Sample size 7 How sample size was determined and, when applicable, explanation of any interim analyses and

stopping rules. Sample-size considerations should include sample-size determinations at each

level of the organizational structure and the assumptions used to account for any non-indepen-

dence among groups or individuals within a group

Randomization—

sequence

generation

8 Method used to generate the random allocation sequence at the relevant level of the organiza-

tional structure, including details of any restrictions (eg, blocking, stratification)

Randomization—

allocation

concealment

9 Method used to implement the random allocation sequence at the relevant level of the organiza-

tional structure (eg, numbered containers or central telephone), clarifying whether the

sequence was concealed until interventions were assigned

Randomization—

implementation

10 Who generated the allocation sequence, who enrolled study units, and who assigned study units to

their groups at the relevant level of the organizational structure

Blinding

(masking)

11 Whether or not participants those administering the interventions, caregivers and those assessing

the outcomes were blinded to group assignment. If done, how the success of blinding was

evaluated. Provide justification for not using blinding if it was not used

Statistical

methods

12 Statistical methods used to compare groups for all outcome(s); Clearly state the level of statistical

analysis and methods used to account for the organizational structure, where applicable; meth-

ods for additional analyses, such as subgroup analyses and adjusted analyses

Results study

flow

13 Flow of study units through each stage for each level of the organization structure of the study (a

diagram is strongly recommended). Specifically, for each group, report the numbers of study

units randomly assigned, receiving intended treatment, completing the study protocol, and

analyzed for the primary outcome. Describe protocol deviations from study as planned, to-

gether with reasons

Recruitment 14 Dates defining the periods of recruitment and follow-up

Baseline data 15 Baseline demographic and clinical characteristics of each group, explicitly providing information

for each relevant level of the organizational structure. Data should be reported in such a way that

secondary analysis, such as risk assessment, is possible

Numbers

analyzed

16 Number of study units (denominator) in each group included in each analysis and whether the

analysis was by ‘‘intention-to-treat.’’ State the results in absolute numbers when feasible (eg,

10/20, not 50%)

Outcomes and

estimation

17 For each primary and secondary outcome, a summary of results for each group, accounting for

each relevant level of the organizational structure, and the estimated effect size and its preci-

sion (e.g., 95% confidence interval)

Ancillary

analyses

18 Address multiplicity by reporting any other analyses performed, including subgroup analyses

and adjusted analyses, indicating those pre-specified and those exploratory

Adverse events 19 All important adverse events or side effects in each intervention group

Discussion

interpretation

20 Interpretation of the results, taking into account study hypotheses, sources of potential bias or

imprecision, and the dangers associated with multiplicity of analyses and outcomes. Where

relevant, a discussion of herd immunity should be included. If applicable, a discussion of the

relevance of the disease challenge should be included

Generalizability 21 Generalizability (external validity) of the trial findings

Overall evidence 22 General interpretation of the results in the context of current evidence

Text in bold are modifications from the original CONSORT description.8–11
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these instances, there is good indication for the inclusion
of the item in the checklist. For other modifications, clear
evidence of bias introduced by failure to report the item
has not been documented. However, the request for in-
formation about the challenge model used (if it was a
challenge study) and about the organization of animal
housing are all directed at allowing the consumers of the
research to determine if the study design applies to their
application. These issues affect the internal and external
validity of the trial. As an example of the impact of an-
imal housing, a feedlot veterinarian could expect a
different outcome from a vaccine allocated to individual
animals, compared with group-level application. Simi-
larly, a challenge study that used 100 times the normal
dose of Salmonella to induce Salmonella shedding might
have questionable external validity. The CONSORT
statement modifications should help the researcher re-
port the study in such a manner that the unit of
allocation and the organizational structure of the data
are discernible, and provide a more structured frame-
work for discussion of how these issues affected the
analysis.
We believe that reporting trials using the modified

CONSORT statement, ie, the REFLECT statement for
livestock and food safety as a minimum standard, will
substantially improve the reporting of trials on produc-
tion, health, and food-safety outcomes. Although the

REFLECT statement directly applies to reporting of
studies, it may also be consulted and useful in the design
and conduct stages of a trial. Researchers may find it
helpful when designing trials to consider items that will
be requested in the report of the trial. Considering the
rationale behind the requirement for each checklist item,
be it internal validity, external validity, or both, may lead
to a better design. The rationale for the inclusion of each
item and examples of how to report livestock trials with
production, health, and food-safety outcomes are con-
tained in a companion Example and Elaboration
Document.35,36

Footnote

aGagnier JJ, Boon H, Rochon P, et al. Improving the quality of

reporting for randomized clinical trials evaluating herbal interven-

tions: An extension of the CONSORT Statement. Clin Trials

2005;2:S43 (abstract).
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