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ARTICLE INFO ABSTRACT

Keywords: Field triage systems are available to address mass casualty incidents involving humans, but lack
Animal triage for animals caught in disasters. This study aimed to develop, as a proof of principle, an animal
Veterinary disaster management field triage protocol for livestock, horses and wildlife based on an existing human triage system. A
Primary triage literature review was completed, resulting in choosing the human SALT triage algorithm as a

Mass casualty incidents

) ! 14 starting point, followed by an expert consultation using a two-round Delphi study to evaluate and
Animal triage training game

create the final version of the triage protocol. Finally, a group of first responders were famil-
iarized with the protocol and triage injured animals in a simulated disaster environment using a
purpose-built training game and provide written feedback. For livestock and horses, consensus
was reached on the use of global sorting based on the criteria ‘autonomously mobile without
obvious major injuries’, and on five of six appropriate physiological criteria applied for individual
health state assessment. Triaged animals were placed in one of four categories developed for
applicable veterinary care, being beyond saving (black), immediate/urgent (red), delayed (yel-
low) and minor (green). The expert panel agreed that the veterinary triage model is probably
workable for livestock and horses but not for wildlife, and has added value in natural disasters
and mass casualty incidents involving animals. Validation of the protocol with first responders on
the usability of the triage protocol as a proof of principle warrants a careful introduction for
practical use and further evaluation during disasters affecting livestock and horses in the field.

1. Introduction

Disasters, both man-made and natural, are a threat to humans and animals alike. Animals, especially livestock and wildlife, both
kept and free ranging, can end up in disaster situations resulting in many victims. A recent example is the flood of June 2021 in the
south of the Netherlands and parts of Belgium and Germany [1]. In such situations, the evacuation of large groups of animals, injured
or not, is very complex. Because of this complexity, it is important to prepare ahead for a possible course of action with animals during
a disaster situation.

Triage is a method used in human medicine to facilitate the decision-making process aimed to prioritize the medical treatment of
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victims in a mass casualty situation. Effective triage should result in as many people as possible receive the best care available [2].
Triage was originally developed for use in a military context but is also applied in clinical, emergency room settings or during disasters
[3]. Performing animal triage on-site by responding emergency services could be a possible solution to manage and allocate limited
resources associated with the immediate veterinary care and evacuation of large groups of animals caught in the disaster.

Research directed towards an appropriate animal field triage system is therefore an important aspect of possible veterinary care
during disasters and emergency animal management. Disasters can cause major losses to livestock and therefore have a significant
economic impact to its owners and families [4]. Limiting economic losses could be facilitated by snapshot health assessments of
apparently healthy animals, allowing for quick evacuation from the area at risk. In addition, prompt intervention and treatment of
injured animals during an emergency is a critical component to prevent unwanted excessive animal suffering [5,6] Using a suitable
triage protocol, emergency services can act quickly after arriving on-site, even if little or no veterinary expertise is available at that
time.

Apart from the economic and welfare aspect, the social aspect related to injured animals is also important to consider. The rela-
tionship people have with their animals can greatly influence their behaviour during emergencies [7-9]. If there is no proper pro-
cedure to help the animals, people will not evacuate or they may even return after being evacuated to the disaster area to take care of
their animals that were left behind [10]. It is therefore of great importance for the safety of people affected by disasters, that animals
are also included in emergency aid programmes. According to the World Organisation for Animal Health (WOAH, founded as OIE),
having well-prepared guidelines and protocols available is of great importance in being able to respond quickly and efficiently [11]. An
available animal field triage protocol could therefore contribute to this disaster preparedness.

Field triage is also known as primary triage. Primary triage is performed at the scene of an incident, disaster, or accident [12]. At the
moment, the only triage systems that have been described and evaluated for animals are secondary triage systems of use in veterinary
hospitals and clinics. Ruys et al. 2012 [13]. showed that a secondary triage system, based on a human triage system, can help to
categorize emergency patients more accurately compared to intuitive triage by veterinary nurses. Ash et al. [14] evaluated the animal
trauma triage score (ATT) and a modified Glasgow Coma Scale (GCS) and showed that the ATT provided a good predictive value of
trauma severity in animals. Although its usefulness is well described for clinic settings, these known secondary animal triage systems
are not as useful in the field, major outdoor incidents or disasters, as these secondary systems require a high degree of professional skill
and/or available medical equipment. In addition, these studies focus mainly on the usage of secondary triage in companion animals.
Livestock and wildlife on the other hand, are more likely to have remained behind in disaster areas, due to limited access and
(logistical) difficulties to evacuate these animals to the nearest veterinary treatment facility. Moreover, these secondary triage methods
take too long to triage large groups of animals. The only known reference to field triage on animals was made by Wingfield et al. [15],
although no specific guidelines or triage details were provided. It can therefore be concluded that there is no recent peer-reviewed
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animal field triage (primary triage) protocol currently available for animals caught in disasters or major incidents.

In human medicine, different primary triage methods have been developed over the years and implemented effectively. In addition,
the accuracy of several of these human triage methods have been evaluated. One of these human primary triage methods may therefore
be a suitable starting point for an animal field triage model. In addition, an already familiar standard operating procedure applied in
humans could facilitate implementation of an animal field triage protocol by regular emergency services and first responders. The aim
of this study therefore was to develop an animal field triage protocol as a proof of principle, based on a well-used and approved human
field triage protocol, that can be applied in the field on livestock (poultry excluded), horses and wildlife during a disaster situation.

2. Methods

2.1. Literature review for protocol selection

A comprehensive literature search was performed as a first phase in developing an animal field triage protocol. Recent studies that
covered human field triage systems, especially those focussing on accuracy and used in mass casualty incidents, were reviewed.
PubMed and Scopus were searched using the following terms: Triage AND Disaster AND Mass Casualty Incidents. Inclusion criteria
were: (1) peer reviewed articles on human triage systems used in the field during mass casualty incidents and/or their accuracy; (2)
articles published after 2000; (3) articles available fully in English or Dutch. Articles about pediatric triage systems [16] or triage on
children were excluded from the study because these are more elaborate secondary triage systems that may make them less applicable
to animals. Additional literature was provided either by the co-authors and experts that participated in this research or retrieved from
the reference lists of the articles found with the inclusion criteria discussed earlier. A flow diagram of the literature review following
the PRISMA guidelines is provided in Fig. 1.

Based on this literature review, potential human triage methods that could serve as a possible model for an animal field triage
protocol were identified. Selection criteria were: (1) used on adults; (2) widely used; (3) approach; (4) accuracy percentages. After
comparison of key features and accuracy of these methods, one was selected based on good performance in humans and likelihood of
applicability to animals under disaster conditions.

2.2. Protocol development with consultation of experts

The second phase of this study consisted of a consultation with three experts on the physiological variables of the selected human
protocol, for prioritization of these factors and advice on the practical application to animals. The three experts were members or
employees of the network of the European Wildlife Disease Association, the animal welfare organization Four Paws or the Royal
Netherlands Army. The experts selected had experience with at least one non-epidemic disaster, had contributed to disaster man-
agement or were expert in a specific field of veterinary medicine. Based on the selected human triage method and the advice of the
consulted experts, an initial version of the animal field triage protocol was developed and visualised in a flowchart.

2.3. Delphi study

To further develop and evaluate the validity of the initial version of this protocol, a modified Delphi study was performed (Fig. 2).
This study type is considered to be a suitable research method intended to answer specific research questions previously applied to
define a mass casualty conceptual model, to create a consensus-based gold standard for the evaluation of mass casualty triage systems
and to define major trauma by reaching consensus among a panel of subject matter experts (SMEs) [17-19].(see. Fig. 2)

Similar in size to the expert groups included in two of the afore-mentioned studies, a panel of twenty-four SMEs in the field of
animal disaster response, emergency veterinary medicine and/or wildlife medicine were invited, of which twenty-three confirmed to
participate (Table 1). The three original experts that were involved in creating the initial version of the animal field triage protocol,
were excluded from the SME panel.

A two-round Delphi study was presented to the SMEs, from whom twenty complete responses in the first round and eighteen in the
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Fig. 2. Process of expert consultation and modified Delphi study.
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Table 1
Experts and first responders included in Delphi and validation surveys.
Study group Professional backgrounds Experience with
animal groups type of incidents
Delphi survey Veterinarian (#19) Wildlife Barn fires
Animal scientist (#1) Livestock (bovine, porcine, small ruminants) Bush fires
Horses Floods
Fish
Validation survey Firefighter (#10) Wildlife Barn fires
Technical animal rescuer/Veterinary technician (#3) Livestock (bovine, porcine, small ruminants) Bush fires
Veterinarian (#3) Horses Floods
Animal disaster manager (#3) Companion animals Hurricanes
Poultry Trapped livestock & horses
Wild birds Transport accidents

second round were received. During both rounds of the Delphi study, a questionnaire of approximately twenty questions (Appendix A
and C) was sent with survey tool Qualtrics XM. In the tool the option was available to add comments to any of the questions. Questions
from the first round that reached agreement among the experts were removed in the second survey.

In the second round, questions based on the remarks from the first round were added for refinement of the protocol.

The SMEs were asked to score every question on a five-point Likert scale to determine whether they ‘strongly disagree’ (1) up to
‘strongly agree’ (5) with the statement made on a specific element of the proposed animal field triage protocol, again with the pos-
sibility to place comments to any of the questions.

After the first survey round, data was analysed and adjustments to the initial version of the protocol were made based on the
comments received, in order to improve on the protocol for the second survey round. To prevent any bias, the analysed data was
presented anonymously to the SMEs in a summarized form (Appendix B). The process was repeated during the second round. The
summarized data analysis of the second round can be found in Appendix D. One question from the second round was removed due to
lack of clarity, as the question was found to be subject to multiple interpretations based on the responses given by the SMEs. Consensus
was defined as reached when >80% of the participating SMEs agreed or strongly agreed with the statement made. This percentage was
based on the average consensus rate of several Delphi studies [17-21].

2.4. Vadlidation survey with first responders

To further validate the completed version of the triage protocol based on the Delphi study for the intended target audience, a total
of thirty-five first responders with known extensive practical experience in animal disaster management and animal rescue were
invited to participate, from whom nineteen complete responses were received (Table 1). The purpose of this validation step was to
determine if the target audience of first responders would support the consensus reached by the SMEs participating in the Delphi study,
on whether the completed animal field triage protocol is useful and to confirm whether the protocol would have added value and be
executable in real-life situations.

The survey was developed to provide a response to the triage protocol, after familiarisation in a simulated environment. For this
purpose, a serious game was created as a specific training tool, applying a similar development strategy as described in the Educator’s
blueprint [22], resulting in the Animal Triage Training Game (ATTG) [23]. Serious games are known for their capability of training
specific professional competencies with knowledge and skills performance superior to conventional educational interventions [24].
The ATTG is a new digital training game that allows players, under time pressure, to set priorities for the necessary treatment of
animals based on the triage protocol described in this paper. In various, regularly occurring scenarios, including a barn fire, livestock
transport accident and flooding, the player examines multiple animals and uses colours to indicate the priority of each animal. A visual
language of icons leads the player on the trail of hints that you can see, hear and feel. After each level, the player receives feedback
based on the choices made and conclusions drawn by the player whilst playing the game, allowing the player to improve on his actions
when the level is replayed. By playing multiple levels, the player is able to understand and implement the triage protocol described in
this paper in a safe environment. In addition, no negative consequences will occur for the animal patients portrayed in the training
game in case mistakes are made, similar to a flight simulator for pilot training or the health and safety training game in underground
mines (MINING-VIRTUAL [25]). This way the trained first responder gets to know the triage priorities that are actually decisive for
effective action by the attending veterinarian at the site of a real-life emergency.

The nineteen participating first responders were invited to play the barn fire scenario, which includes taking protocol-based triage
decisions and then evaluate the animal field triage protocol using the questionnaire. The questionnaire consisted of fourteen open and
closed questions, some also with the option to add comments (Appendix E).

3. Results

3.1. Literature review leads to the SALT protocol selection

There are many different human field triage protocols used worldwide [12] Based on the literature search done, three primary
tirage systems used in adults were identified as a possible starting point for an animal field triage protocol. These are START, Sieve and
SALT.
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3.1.1. START (simple triage and rapid treatment)

The START triage system (Fig. 3), developed in the 1980s, is one of the first civilian triage systems. It was previously adopted as the
standard algorithm for primary triage and is therefore the most widely used triage system in the United States, but it is also used in
Canada and Australia. Victims are assessed in 60 s or less on ability to walk, respiratory rate, capillary refill, radial pulse and the ability
to follow commands. After primary assessment, the patient is marked red (immediate), yellow (delayed), green (minor), or black
(deceased) [2,3,12,26,27].

3.1.2. Sieve triage

The Sieve triage system (Fig. 4), developed in 1995, is widely adopted as triage algorithm in Europe, United Kingdom, Australia and
South Africa [3]. This triage method is very similar to the START system. Sieve triage starts by assessing the ability to walk. Subse-
quently respiration and pulse/capillary refill are evaluated. Victims are tagged red (immediate and first priority), yellow, (urgent and
second priority), green (delayed and third priority) and dead [3,12,28,29].

3.1.3. SALT (sort, assess, lifesaving intervention, treatment/transport)

A more recently developed triage system is the SALT-system (Fig. 5). This algorithm was introduced in 2008 by the Centers for
Disease Control and Prevention (CDC) as a new national standard for mass casualty incident triage in the United States [30]. It is part of
the Model Uniform Core Criteria (MUCC), which serves as a national guideline for mass casualty triage in the United States. This
guideline has been developed to standardize triage and thereby increase interoperability [31,32]. SALT is very similar to the
START-system in terms of assessment of the physiological criteria [12]. The difference with the START-system is that the SALT-system
first globally prioritizes the victims in three categories. This step was introduced to prevent victims from leaving the accident scene and
seeking medical attention themselves while waiting for individual assessment, thereby overwhelming the nearest medical facility [30].
Based on this first prioritization, further individual triage or life-saving interventions will take place if necessary [2].

3.1.4. Comparison and accuracy

Nine studies were found describing accuracy, under-triage and/or over-triage percentages of the START, SIEVE and SALT triage
algorithms (Table 2). No standardized methods were used [3], complicating comparison of accuracy other than through the three
studies that had compared accuracy among systems [26,33,28]. Seven of the studies also described over- and under-triage levels.
Over-tirage and under-triage are the incorrect placing of victims in a respectively more severe or less severe category than the actual
severity of their injuries would require.

The accuracy percentages of START triage varied greatly between the studies (36-85%), as did the over- and under-triage per-
centages when assessed. On average the accuracy percentage of START was 58% [26-28,33,34]. Sieve triage accuracy percentages
showed less variation among the different studies (37-47%). On average the percentage of accurately assessed victims was around 40%
[28,33,35]. However, one study showed high accuracy levels after refresher training of the triage method (77-90%) [35]. Most studies
have been done on the accuracy of SALT triage. The mean percentage of overall accuracy was circa 70% (52-83%) [26,31,33,36,37].
In the one study that compared all the three algorithms, the SALT algorithm had the highest accuracy of 52% compared to 36% and
37% accuracy of START and SIEVE respectively [33].

All three triage algorithms are very similar in their approach. Three of the assessment criteria are the same in all triage methods
described (Table 3). With START and SALT triage there is a fourth assessment criteria of following commands, absent in Sieve. One of
the most important differences between SALT and the other triage algorithms is global sorting prior to individual assessment of
victims. START and Sieve start with individual triage immediately.

Of the criteria used in all the triage systems discussed here, the motor component (ability to walk en follow commands) of the
Glasgow Coma Scale and systolic blood pressure (radial pulse) were found to have the strongest association with life-threatening injury
[28]. This is consistent with the outcome of a study published in 2017, which concludes that the Glasgow Coma Scale was a good
predictive value for major trauma. In this study, respiration rate was also a significant predictive value for major trauma [38].

With all information combined the choice was made to have the SALT-system as the starting point for an animal field triage
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protocol, based on the following arguments:

1) It is the most recent system, developed based on experience with the previous systems, literature and expert opinion [30,39]1;

2) Its accuracy is at least as good as the other systems if not better [26,31,36];

3) It has introduced a global sorting step prior to individual assessment of victims, speeding up the process of managing individuals
when in large groups, similar to individual animals in herds.

3.2. Protocol development with consultation of experts

The steps and physiological criteria included in the initial draft of the animal field triage protocol after completion of the expert
consultation, are summarized in Table 4. In comparison to the human SALT triage system, an extra step was added, prior to the steps of
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Overview literature study of the accuracy of the primary triage algorithms.
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Triage system

Study

Method Accuracy

START

SIEVE

SALT

Comparison accuracy among triage

Garner et al., 2001 [28]
Schenker et al., 2006
[34]

Kahn et al., 2009 [27]

Bhalla et al., 2015 [26]

McKee et al., 2020 [33]

Garner et al., 2001 [28]
Cuttance et al., 2017
[35]

McKee et al., 2020 [33]

Cone et al., 2009 [36]

Lerner et al., 2010 [31]

Cone et al., 2011 [37]

Bhalla et al., 2015 [26]

McKee et al., 2020 [33]

Garner et al., 2001

Retrospective review
Disaster drill evaluation

85% accuracy
70% accuracy
Retrospective review 44,6% accuracy
53,3% over-
triage

2% under-triage
55% accuracy
12% over-triage
33% under-
triage

36% accuracy
7% over-triage
57% under-

Retrospective review

Prospective, observational study

triage
Retrospective review 45% accuracy
Comparison accuracy of simulated triage between educational 47-90%
review or no accuracy

educational review 16% over-triage
37% under-
triage

37% accuracy
6% over-triage
58% under-
triage

78,8% accuracy
13,5% over-
triage

3,8% under-
triage

83% accuracy
6% over-triage
10% under-
triage

70% accuracy
6,8% over-triage
23,2 under-
triage

65% accuracy
5% over-triage
30% under-
triage
Prospective, observational 52% accuracy
Study 22% over-triage
26% under-
triage

START: 85%

Prospective, observational study

Disaster drill evaluation

Simulated mass-casualty incidents

Virtual reality simulation

Retrospective review

Retrospective review

algorithms SIEVE: 45-90%
Bhalla et al., 2015 Retrospective review START: 55%
SALT: 65%
McKee et al., 2020 Prospective, observational study START: 36%
SIEVE: 37%
SALT: 52%
Table 3
Comparison of the physiological criteria of the START, Sieve and SALT triage methods.
Model Priority of physiological assessment criteria
START Ability to walk Respiration Pulse/capillary refill Obeying commands
Sieve Ability to walk Respiration Pulse/capillary refill -
SALT Ability to walk Respiration Pulse Obeying commands

triaging as described in de MUCC for mass casualty triage [32]. This ‘Step 0’ concerns the safety of the first responder on-site and
human and animal safety off-site (biosecurity risks). Step 0 emphasizes the importance for the first responder’s situational awareness
and safety, which have the highest priority when working in a potentially hazardous environment. Not only should first responders in a
disaster situation assess whether their actions can be performed safely, they should also take into account that animals in distress can
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Table 4
Modifications SALT triage system to create draft animal field triage protocol.

SALT triage human Draft veterinary field triage protocol

- Step 0: Safety and biosecurity
Step 1: Global sorting

Walking, wave or purposeful movement Walking uninjured

Step 2: individual assessment

Breathing Breathing

Obeys or makes purposeful movements on command  Not responsive to stimuli and/or severe neurological abnormalities

Peripheral pulse Not included

Respiratory distress Respiratory distress

Major hemorrhage Severe hemorrhage

Minor injuries Severe wounds/lameness

Likely to survive given current resources Animals without prognosis of permanent disability and pain or with long-term impairment of welfare
Step 3: Lifesaving interventions

Control major hemorrhage Provide first aid, sedation, pain relief or euthanasia if safe and possible giving the circumstances/resources

Open airway
Chest decompression
Autoinjector antidotes

react unexpectedly, creating unforeseen dangerous situations [15]. Basic hygiene and zoonotic disease prevention measures should
also be considered during triage, including any biosecurity breaches as a result of animal evacuation [15]. As a disaster situation can
evolve and rapidly deteriorate, a designated safety officer [6] could monitor and assess any changes and inform any first responders
on-site on whether Step 0 needs to be reconsidered.

In ‘Step 1°, the global sorting of victims is performed, in preparation of prioritizing them for individual assessment. In the SALT
triage protocol for humans, global sorting is made using simple voice commands acted upon by the victims to divide them into three
categories. However, animals may not understand and respond to simple voice commands under stressful conditions. It was therefore
suggested to segregate apparently uninjured animals that are able to walk from those that remain stationary. The idea was these
animals that can move by themselves may be evacuated or secured immediately without initial individual assessment (to be done at a
later time) and thus reduce the group of animals that require immediate individual triage assessment in Step 2.

For ‘Step 2’, the actual triage of individual victims, the suggestion was made that in addition to the SALT algorithm and the opinions
of the three experts, the recently developed MARCH PAWS sequence (acronym for: Massive hemorrhage, Airway, Respiration, Cir-
culation, Hypothermia/Head injury, Pain, Antibiotics, Wounds, Splints) was to be followed [40]. This particular sequence is a proven
useful tool applied in tactical combat casualty care (TCCC) for accurately treating injuries. The MARCH PAWS sequence treats injuries
in order of their immediate threat to life, setting priorities for lifesaving interventions. However, it was decided not to let massive
hemorrhage be the first assessment criterium because saving animals in the field with a major hemorrhage is considered very difficult in
contrast to humans.

Similar to the SALT algorithm, it was suggested to start the individual triage in animals with the assessment of breathing, because it
is possible to make a first assessment at a distance to the animal. Assessment of ‘breathing’ is followed in humans by assessment of
‘obeys or makes purposeful movement on command’. Ability to respond to commands is a method to determine whether there may be
neurological damage. As ‘obeying of commands’ is not possible to evaluate in animals, a more observable description: ‘not responsive
to stimuli and/or severe neurological abnormalities’ was used in the draft animal field triage protocol. After ‘obeys commands’, in
humans peripheral pulse is assessed. It has been decided to leave out ‘Pulse’ in the animal protocol because (wild) animals are likely to
be more difficult to quickly approach safely in order to assess their peripheral pulse in a disaster situation. The subsequent physio-
logical variables in human triage are ‘respiratory distress’ and ‘major hemorrhage’. These variables were kept unchanged in the animal
protocol except for a textual adjustment from ‘major hemorrhage’ to ‘severe hemorrhage’ because major hemorrhage is probably not
possible to stop in (wild) animals during a mass casualty incident. The step of the SALT protocol assessing the likelihood of survival of
the human patient given current resources, was adapted for animals by considering their prognosis of permanent disability and pain or
with long-term impairment of welfare’. Unlike in humans, euthanasia in the field is an option for animals that are likely to have
impaired welfare. The last factor in Step 2 of the SALT triage is ‘minor injuries’. This was changed in the animal triage to ‘severe
wounds/lameness’. The underlying thought was that animals that do not have severe wounds or severe lameness are not in direct need
of first aid and can be seen by a veterinarian at a later point in time.

At the end of Steps 1 and 2, in the human SALT triage algorithm, a clear segregation into five categories (dead, expectant, im-
mediate (care), delayed (care) or minimal (care)) is achieved. However, in the draft animal field triage protocol, cases were divided
into three categories (dead/expectant, immediate/urgent or delayed) as described in 2009 by Wingfield et al. [15]. At the time, it was
considered that the expectant would rapidly be euthanized and thus join the category of the dead, while the delayed or minimal cases
could be grouped because both would receive care at a later stage or after being secured elsewhere.

The third and final step of the SALT protocol is lifesaving interventions. In the SALT triage, four specific interventions are stated
(Table 4). For animal triage, these four specific actions might not be possible due to safety conditions or available resources. The
description ‘provide first aid, sedation, pain relief or euthanasia, if possible’ was chosen instead.

Collectively, this led to the draft animal field triage protocol as presented in the flowchart (Fig. 6), submitted for review and
comments by the SMEs using the Delphi study.
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3.3. Delphi study

3.3.1. Round 1

Table 5 describes the variables of the first survey and the results. The first questionnaire consisted of eighteen statement questions
(Appendix A) from which nine reached agreement (>80% consensus) among the SMEs (rows highlighted in blue in Table 5). Com-
ments and suggestions received from the SME:s for all the questions were reviewed and used to refine the second version of the protocol.
Clear consensus was reached on the importance of safety as Step 0 of the triage protocol (Q2) and on the added value of an animal field
triage protocol (Q19). The physiological variables ‘breathing’ (Q7), ‘not responsive to stimuli and/or severe neurological abnor-
malities’ (Q8), ‘respiratory distress’ (Q9) and ‘severe hemorrhage’ (Q10) also reached consensus. This also applied to questions six,
twelve and thirteen.

The comments made by the SMEs on five of the nine statement questions that reached consensus led to seven precision questions in
Round 2 (Table 5). In addition, eight of the original nine statements that did not reach agreement were rephrased or clarified with a
description to minimize differences in interpretation in the second survey, leading to ten questions in round 2 of the Delphi study
(Table 5). No follow-up was done on one statement question that did not reach consensus, being the one regarding AVA recom-
mendations on burns (Round 1, Q15). Indeed, based on the SMEs’ comments received (‘high degree of species difference and specificity

Table 5
Questions round 1. Questions where consensus was reached are highlighted in blue.
Variable Consensus | %
(=80%)
Q1. Definition of triage No 55 (>agree)

20 (>neutral)
25 (>disagree)

Q2. Safety as step 0 of the protocol Yes 100 (>agree)
Q3. Global sorting and evacuation of walking animals that are not injured No 75 (>agree)
15 (>neutral)
10 (>disagree)
Q4/5. Three triage categories (black; orange; green) No 60 (>agree)
30 (>neutral)
10 (>disagree)
Q6. Marking of assessed animals Yes 80 (>agree)
Q7. Not breathing as predictive value for the black category Yes 85 (>agree)
Q8. Not responsive to stimuli and/or severe neurological abnormalities as predictive values | Yes 90 (>agree)
for the black category
Q9. Respiratory distress as predictive value for the orange category Yes 90 (>agree)
Q10. Severe haemorrhage as predictive value for the orange category Yes 95 (>agree)
Q11. Severe wounds/lameness as predictive value for the orange category No 70 (>agree)

15 (>neutral)
15 (>disagree)

Q12. Interventions should be done under veterinary supervision Yes 80 (>agree)
Q13. Euthanasia in de field on animals with prognosis of permanent disability and pain or | Yes 90 (>agree)
with long-term impairment of welfare

Q14. All animals in the disaster should be seen by a veterinarian No 70 (>agree)

25 (>neutral)
5 (>disagree)
Q15. AVA recommendations on burns should be included in the protocol No 60 (>agree)
25 (>neutral)
15 (>disagree)
Q16. Protocol is executable on livestock, horses, and wildlife No 65 (>agree)
20 (>neutral)
15 (>disagree)
Q17. No distinctions are made between animals in step 1 and 2 No 45 (>agree)
25 (>neutral)
30 (>disagree)
Q18. Flowchart is understandable for emergency workers No 70 (>agree)
20 (>neutral)
10 (>disagree)
Q19. The existence of a animal field triage protocol has added value in mass casualty | Yes 95 (>agree)
incidents. Do you agree with this statement?
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of the recommendations’), it was decided not to include this specific burn injury assessment in the second version of the animal field
triage protocol.

Specific adjustments to statements included a new, more inclusive description of the definition for triage (Q1). Furthermore, in Step
1, global sorting, the description was modified to make it more inclusive for animals that are autonomously mobile but do not walk
(Q2). An additional triage category was added to allow for a better distinction between urgent first-aid cases and animals for which
direct care can be slightly delayed (Q3). Triage categories were given a number for priority of treatment, to clarify which triage
category needs to be addressed for care first (Q4). To make the observation of breathing more concrete, a minimal observation time
was included (Q5), and an extra factor (absence of corneal reflex) was added to assess if an animal falls in the black category ‘dead’
(Q7). The description ‘not responsive to stimuli and/or severe neurological abnormalities’ was refined based on the veterinary
modified Glasgow Coma Scale, which is used to determine different levels of consciousness in animals (Q6) [14,41]. Finally, some

Table 6
Questions round 2. Questions where consensus was reached are highlighted in blue.
Variable Consensus | %
(=80%)
Q1. Definition of triage Yes 88.89 (>agree)
Q2. Global sorting and evacuation of animals that do not have obvious major injuries | Yes 88.89 (>agree)

and are autonomously mobile

Q3. Four triage categories (black; red; yellow; green) Yes 100 (>agree)

Q4. Prioritization of categories (red, black, yellow, green) No 66.67 (>agree)
22.22 (>neutral)
11.11 (>disagree)

Q5. Observation time breathing > 20 seconds No 72.22 (>agree)
5.56 (>neutral)
22.22 (>disagree)

Q6. Adjustment ‘not responsive to stimuli and/or severe neurological abnormalities’ to | Yes 94.45 (>agree)

‘unresponsive to repeated noxious stimuli’

Q7. Corneal reflex as final test for the black category Yes 94.45 (>agree)
Q8. Description for respiratory distress Yes 88.89 (>agree)
Q9. Description for severe haemorrhage Yes 83.34 (>agree)
Q10. Severe wounds/fractures as predictive value for yellow category No 61.11 (>agree)
22.22 (>neutral)
16.67 (disagree)
Q11. No distinctions are made between animals in step 1 and 2 Removed from analysis
Q12. Euthanasia in the field on animals with poor long-term welfare or in need of | Yes 94.45 (>agree)
sustained veterinary care if this can’t be provided
Q13. Euthanasia in the field on food producing animals that are not suitable for human | No 66.67 (>agree)
consumption anymore 5.56 (>neutral)
27.78 (disagree)
Q14. All animals in the disaster area should be seen by a veterinarian No 77.78 (>agree)

16.67 (>neutral)
5.56 (>disagree)

QL15. Protocol is executable on livestock, horses Yes 100 (>agree)
Q16. Protocol is executable on wildlife No 61.11 (>agree)
16.67 (>neutral)
22.22 (>disagree)
Q17. The protocol can be performed by first responders without a veterinary | No 44.44 (>agree)
background 16.67 (>neutral)
38.89 (>disagree)
Q18. The protocol can be performed by first responders without a veterinary | No 72.22 (>agree)
background that received a short briefing 11.11 (>neutral)
16.67 (>disagree)
Q19. Flowchart is understandable for emergency workers Yes 83.34 (>agree)
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clarifying descriptions were added for ‘respiratory distress’ (Q8) ‘and severe hemorrhage’ (Q9). The description for the criterium
severe wounds/lameness (Q10) was amended to make it more predictive for the yellow category and suitable for different animal
species.

3.3.2. Round 2

Table 6 describes the variables of the second survey and the results. The second questionnaire consisted of nineteen statement
questions (Appendix C) from which ten reached consensus (highlighted in blue in Table 6). Based on comments received from the SMEs
it was decided to remove question eleven from the analysis due to the lack of clarity of the question.

Statement questions that reached consensus in round two (Q6, Q9 and Q12) were the adjustments or clarifications in its de-
scriptions, based on comments placed in the first round. The adjustments of the prioritization of the categories (Q4), observation time
for breathing (Q5) and the addition of euthanizing food producing animals unfit for human consumption (Q13) did not reach
agreement among the SMEs.

From the descriptive physiological variables in the questions, only ‘severe wounds/fractures’ as predictive value for yellow
category (Q10) did not reach consensus. The question whether all animals present in the disaster area should be seen by a veterinarian
(Q14) also did not reach agreement in the second round, as well as the question if the protocol is executable on wildlife (Q16).
Questions seventeen and eighteen, regarding whether first responders without a veterinary background and with or without additional
training could perform triage in the field, also failed to reach agreement among the SMEs.

Five variables on which there was no consensus in the first round, reached agreement in the second round. An overview of these
variables is provided in Table 7. After consulting a native English speaker, the definition of triage from the first round as ‘a method that
is used to efficiently allocate resources when the number of patients exceeds the capacity of the available resources’, was rephrased
into ‘a method that is used for prioritizing patients according to urgency, in order to allocate (limited) manpower and resources
efficiently’. This second definition reached consensus among the experts.

In Step 1, Global sorting, the modified description from animals that are ‘walking’ to ‘autonomously mobile’ to make it more
inclusive for different animal species led to agreement among the SMEs. Four categories instead of three for animal triage reached
consensus in the second round. In the first round the question whether the protocol is executable on wildlife and livestock including
horses did not reach consensus. In the second round, separate questions were asked about executability on livestock (including horses)
(Q15) and wildlife (Q16). The statement that the protocol is executable on livestock and horses reached consensus in the second round.

The flowchart was not visible for all panel members in the first round. As a result, in the first round the outcome of the question on
the flowchart being understandable for emergency workers (round 1, Q18) may not have been reliable. The question was asked again
in the second round (round 2: Q19), after ensuring that all participants could access the flowchart. In the second round the question
reached consensus.

The animal field triage protocol was revised based on the results of the first and second round of the Delphi study. All statements the
SMEs agreed on were included in the protocol. In addition, several statements (Second round Q4, Q10, Q14) that did not reach
agreement among the SMEs were included in the protocol despite the absence of consensus. This was done because the authors believe
these statements have added value for animal welfare. For the prioritization of categories (Q4), no adjustments were made in priority
order. Based on existing understanding of color-coding in triage, the red category (immediate/urgent care/Priority 1), should always
be treated first. However, it was the authors‘ opinion that animals that are considered beyond saving and about to die need to be
euthanized as soon as possible to limit further impairment of animal welfare. Therefore, it was considered justified to make the black
category (beyond saving) Priority 2 after the red category (Priority 1), but before animals with Priority 3 (delayed care). In the
statement in Q10, a small amendment was made by changing ‘severe wounds/fractures’ to ‘severe wounds/severe fractures’. Although
it may be a good description for this particular purpose, it should not be considered a clear indicator for a good or bad prognosis.

Finally, the statement that all animals should be seen by a veterinarian if required (Q14) was included, although consensus by the
experts did not reach the 80% threshold, albeit very close (78% agree/17% neutral). Some injuries may remain unnoticed at first
glance during global sorting, but may cause deterioration of health at a later stage. Animals from the minor category should be
monitored and receive veterinary examination and treatment if necessary. The newly created version of the animal field triage pro-
tocol, taking into account the results from the Delphi study is presented in Fig. 7.

3.4. Validation survey with first responders

The results of the nineteen surveys completed by the first responders (Appendix F) were split based on professional background
(firefighters (FF-#10)/other (O-#9)) to determine if a possible background bias existed on how the animal field triage protocol is
understood and applied using the Animal Triage Training Game (ATTG) whilst playing the barn fire scenario.

Questions one, two, thirteen and fourteen were open questions about the background and experience of the first responders

Table 7

Changes in consensus between rounds 1 and 2.
Variable Consensus (>80%) Round 1% Round 2%
Definition triage Changed to Yes 55 (>agree) 88.89 (>agree)
Global sorting and evacuation of animals Changed to yes 75 (>agree) 88.89 (>agree)
Number of categories Changed to Yes 60 (>agree) 100 (>agree)
Protocol is executable on livestock and horses Changed to Yes 65 (>agree) 100 (>agree)
Flowchart is understandable for emergency workers Changed to Yes 70 (>agree) 83.34 (>agree)
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(Table 1). Question three, four, ten and twelve were multiple choice questions and questions five to nine and eleven used the same five-
point Likert scale as used for the Delphi surveys with the SMEs. As several of the multiple choice questions would relate to the personal
experiences of each first responder described under Q2, respective answers might be influenced as a result of it. Because of the small
number of veterinarians participating in the validation survey, Q12 was not considered for further analysis.

All responders, either combined or per group did not agree to the question that additional advice on specific disasters should be
included in the protocol (Q11, FF 70%/0 33,33%). Neither groups reached consensus on the question whether the application of the
triage protocol would have helped in the situation they described in Q2 (Q3, FF 70%/0 77,77%).
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Fig. 6. First draft animal field triage protocol, not validated.
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Different personal experiences created a distinction between FF and O responders on the usefulness of four triage categories (Q4, FF
70%/0, 88,88%)), with only O responders reaching consensus, which is in line with the consensus reached by the SMEs on question

three of their second survey (Q3, 100%).
In Q7, on whether the distribution of cases within four triage categories was intuitive and feasible, consensus was again not reached

by the FF and O combined. However, similar to the response to Q4, consensus was reached by the O responders alone (Q7, FF 60%, O,
88,88%), underlining again how existing personal experiences and different backgrounds can influence the usefulness of four triage

categories.
All responders, either combined or per group, considered the flowchart and protocol easy to read, understand and perform (Q5, FF
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Fig. 7. Second draft of the animal field triage protocol for livestock and horses, based on the Delphi study. Elements that reached consensus in the first round are
highlighted in light blue, elements that reached consensus in the second round are highlighted in dark blue. Partial consensus (consensus reached on the categories, but
not on the priority of care) is shaded. (For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.)
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90%/0 88,88%) (Q6, FF 90%,/0 88,88%).
In addition, all responders, either combined or per group, would likely use this triage protocol in the field themselves or recommend
it to their colleagues (Q10, FF 100%/,/0 100%), and they also confirmed the triage protocol to be of use in the situation they described
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Fig. 8. Final version of the animal field triage protocol for livestock and horses.
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themselves in Q2 (Q9, FF 100%,/0 88,88%).

Lastly, all responders, either combined or per group, reached consensus on whether the triage protocol is executable on livestock
and horses (Q8, FF 90%,/0 100%), which is in line with the consensus reached by the SMEs on question fifteen of their second survey
(Q15, 100%).

3.5. Final version of the animal field triage protocol

Taking into account the results of the first and the second round of the Delphi study with the SMEs, the validation survey with the
first responders and the authors’ opinions on those questions that did not reach consensus, the final version of the animal field triage
protocol was created (Fig. 8).

4. Discussion

The main research question addressed in this study was to determine whether it is possible to develop an animal field triage
protocol for livestock (excluding poultry), horses and wildlife caught in natural disasters or major incidents resulting in mass casualty
situations, based on a validated human triage system. The results of this Delphi study indicate that a modified version of the human
triage algorithm SALT appears to be well-suited for livestock and horses and has added value in mass casualty situations. The SMEs
reached a 100% consensus on both suitability of the protocol on livestock and horses and its contribution to emergency response in
animals. Around two-thirds of the first responders included in the validation study recommended the use of the protocol in mass
casualty situations (and one-third indicating ‘maybe’) with no-one recommending against its use. A clear majority support on all
practical aspects of the triage protocol was given by the first responders. Together, both SMEs and first responders provided ample
support on both suitability and usability of this novel animal field triage protocol for livestock and horses in natural disasters (see
Fig. 8).

The SALT system (Fig. 5), which was retained as the most suitable model for the animal field triage protocol after reviewing the
literature on human triage systems, assesses multiple physiological criteria to assign victims into one of five categories. Nearly all these
criteria were adopted in de initial version of the triage protocol. Four of the five proposed physiological criteria for the distribution of
animals into the triage categories reached consensus among the SMEs. These four were ‘breathing’, ‘not responsive to repeated noxious
stimuli’, ‘respiratory distress’ and ‘severe hemorrhage’. The exception was ‘severe wounds/fractures’ as a predictive value for the
yellow category (61,11% agreement). Although the last did not reach consensus, the authors believed that if amended to “severe
wound/severe fractures”, it is a good description for this purpose, although it may not be a clear indicator for a good or bad prognosis.

In the initial version of the animal field triage protocol, cases were distributed among only three triage categories (dead or
expectant, immediate/urgent, delayed), as described by Wingfield et al., in 2009 [15]. However, this was modified into four categories
following the first Delphi round, to ensure that, among those in need of direct care, distinction was made between urgent first-aid cases
and animals requiring less urgent care (100% consensus). While there was consensus on the four categories (black — beyond saving, red
- immediate/urgent, yellow — delayed, green — minor) there was no consensus on category priority for care (66,67% agreement).
Although no clear arguments where provided by the SMEs, it was assumed that this absence of consensus was based on the Priority 2
for animals triaged into the black category. However, palliative care (sedation/pain management) for animals under these conditions
is not considered a practical or feasible option requiring monitoring and specific drugs that could also be applied to animals with a
more acceptable long-term perspective regarding welfare and care. Therefore, with injured animals categorized as Priority 1 already
taken care of, it is the authors’ opinion that animals that are beyond saving need to be euthanized rapidly to limit continuing
impairment of animal welfare. This opinion would justify the subsequent decision to maintain the existing prioritization of animals
that are beyond saving over animals in the newly introduced yellow category with a delayed priority in the final animal field triage
protocol.

The SALT system, as used in human triage, starts with global assessment of victims. In this study, we have added Step 0: Safety,
prior to global assessment. A paramount consideration when working with animals is to create and maintain a safe personal working
environment, which is also applicable to the animals involved. Studies on work-related injuries among veterinarians in Australia and
the US show that more than half of the veterinarians reported a significant animal-related injury during their career [42-44]. Situ-
ational awareness related to safety needs to be constant, as during (veterinary) interventions on injured animals, the probability of a
fight or flight response in the animal may increase and such situations can be dangerous for any personnel close to the animal [45].
Animal handling risks (trauma, zoonoses etc.) and risks associated with capture and injectable anaesthetics, especially for wildlife,
should be considered and evaluated [46,47]. Finally, biosecurity risks for evacuee receiving areas should also be considered prior to
evacuation.

Another distinction between the human SALT system and the animal adaptation developed as part of this study, is the separation of
individual assessment and lifesaving interventions. In the original SALT protocol, lifesaving interventions are part of Step 2: individual
assessment. For the animal field triage protocol the choice was made to segregate lifesaving interventions and present it as a separate
step (Step 3: interventions), to be completed by on-site veterinarians. Which (lifesaving) interventions are possible in the field would
strongly depend on the available resources and skillset of the first responders. Most traditional first responders who are the first to
arrive on scene (firefighters, police officers, first aiders) have no or little training in animal health care [48]. The flowchart of Step 2
provides guidance for objective initial assessment of injured animals by such first responders and separation into categories according
to urgency and level of care required. Veterinary trained personnel can then address the animals in order of category priority and
determine in Step 3 which interventions can be done, while also considering the long-term perspective of an injured animal. The
statement that Step 3 should be done under veterinary supervision did reach consensus among the experts (80% agreement).
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Itis interesting to note that the statements in Q17 and Q18 of the second Delphi round, regarding whether first responders without a
veterinary background can carry out Step 2 (individual assessment) of the protocol, without (Q17) or with (Q18) a short briefing on the
protocol, failed to reach consensus among the SMEs (Q17 44,45% agreement/Q18 72,22%). However, for Q18, if the conservative
response from two SMEs, ‘neither agree nor disagree’ (11,11%) would be included, consensus is reached. Such an outcome is more
likely given the clear consensus of the SMEs on Q19 (83,34%), in which the SMEs were asked whether the flow chart of the animal field
triage protocol is easy to read and understandable for emergency workers.

However, the results from the validation study (Appendix F) given by first responders, show a somewhat different opinion provided
by both fire fighters (FF) and non-fire fighters (O). For Q5 and Q6, on easy reading, understanding and performing the triage protocol,
both groups reached consensus. Both groups would recommend it to their colleagues (Q10) and both groups reached consensus on
whether the protocol could be executed on livestock and horses (Q8) and also on a specific situation based their own experiences (Q9).
These results from the validation study indicate that those professionals with extensive first responder experience, which is different
from being an experienced veterinarian, tend to be more positive and comfortable in applying this new animal field triage protocol and
that it can remain generic and therefore applicable in various disaster situations (Q11). Provided of course that a sound and practical
protocol is made available to them.

Overall, these results support the relevance to develop a training environment, to perform animal field triage based on the
developed protocol for both first responders and veterinarians. Such training would assist in the implementation of the protocol which
is quite complex without minimal veterinary training. Assessment of neurological abnormalities, corneal reflex or shock under stressful
conditions for the first responder and limited time available to complete an individual animal triage might indeed require specific
training.

According to studies on human triage, training prior to performing triage significantly improves accuracy percentages [49]
regardless of experience or previous training [50]. Skills and accuracy in human triage were retained for a period of four to six months
after training [49,51] which implies the importance of repeated training for both first responders and veterinarians. Short refresher
training was found to be effective to increase triage accuracy percentages, as well as providing an aide de mémoire, for example a
flowchart or phone app, for use during the performance of triage [35,52].

Both the SMEs and first responders reached consensus on executability of the protocol on livestock and horses, although the SMEs
could not reach consensus on whether it is also executable in wildlife (61,11% agreement). This result therefore clearly differs from the
original research question to develop a generic veterinary triage protocol applicable to multiple species in addition to livestock and
horses. This outcome can be explained by the fact that wildlife is too broad a group, including mammalian, avian, reptile and many
other species, which cannot be covered on a single generic protocol. Because of the major differences between species and species-
specific approaches on injury assessment, adapted triage protocols per identified animal group are advisable.

Knowledge of these animals is necessary to be able to handle them correctly, assess physiological criteria and make educated
decisions about acceptable long-term perspectives [53,54]. In addition, wild animals can react very different to human presence and
handling in comparison to domestic animals [55]. Stress development plays a major role in handling and treating wildlife. Human
presence tends to initially increase stress hormone levels in wildlife before acclimatization of the animals. Handling and transport of
wild animals is associated with significant increases in stress hormone (cortisol) levels [56]. Animal losses have been reported during
veterinary examination of wild animals due to acute stress [57]. Also capture myopathy, due to overexertion and capture-related
muscle injury are contributing factors that complicate wildlife triage. Capture myopathy is associated with stress of handling and
transport and can cause death in wild animals [15,58]. In addition, other capture-related muscle damage that remains undetected can
cause a long-term negative effect in wildlife after their subsequent release [59]. A good plan, expertise, and appropriate resources for
capturing and handling wildlife are necessary to prevent these injuries and impairment of animal welfare [58].

To the best of the authors’ knowledge, no peer-reviewed article has ever been published on an animal field triage protocol.
Therefore, this study has the limitation that it cannot rely on previous scientific literature and should therefore be considered a proof of
principle. This triage protocol was designed and confirmed by means of a modified Delphi study. Delphi studies have been used in
human medicine and triage to reach consensus on topics where there is lack of empirical evidence or on topics that involve a high
degree of subjectivity [17-19,60].

As a result of this study design, a selection bias in this panel of SMEs used for both Delphi surveys could not be avoided due to the
fact that the SMEs invited have known expertise in animal disaster management, veterinary trauma medicine or wildlife and were
accessible via personal contacts and network or their academic visibility on the subject. Furthermore, ‘expert’ is a subjective term and
depends on the context of the assumed expertise and level of knowledge. Because our SMEs consisted of both national and international
livestock and wildlife experts from specific areas, it may be possible that their country of origin (Australia, Canada, Europe, United
States), background, professional training or cultural beliefs have had an influence on whether consensus was reached or not on certain
statements. To minimize bias, the composition of the SME panel was not disclosed among SMEs and the results of both Delphi rounds
were presented to them anonymized.

The panel of first responders participating in the validation survey also came from a wide variety of professional and national
backgrounds, but all with hands-on experience in handling animals in various emergency situations, such as barn fires, flooding,
transport accidents, technical large animal rescue, disaster management and training. Their response was based on their professional
expertise in the context of applying the triage protocol in the different scenarios of the training game (ATTG). The results from their
responses support the consensus achieved by the SMEs in the Delphi studies. However, due to the limited number (19) of first re-
sponders actually replying to the validation survey, we will have to learn from future case reports exactly how beneficial the appli-
cation of the animal field triage protocol will be in mass casualty situations involving animals.
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5. Conclusion

Triage, defined as ‘a method that is used for prioritizing patients according to urgency, in order to allocate (limited) manpower and
resources efficiently’, has not been described for animals caught in disaster events in the field. In this research, a new model for an
animal field triage protocol was developed based on the widely used and fairly accurate human SALT-triage system, as a proof of
principle.

Consensus was reached for the animal field triage protocol on nearly all physiological variables applied for individual health state
assessment. Based on the consensus reached by both panels of SMEs and first responders involved in the protocol development and
subsequent validation, an acceptable level of certainty is reached to state that this novel animal field triage protocol is executable on
livestock and horses and has added practical value in mass casualty incidents and natural disasters involving and affecting animals.

Future feedback from first responders on the real-life application of this novel protocol will confirm the authors’ initial conclusions
or indicate how the protocol should be amended to reach its intended goal. In addition, further research is recommended for a specific
triage protocol for wildlife caught in natural disasters. Subsequent new versions of the triage protocol could then be further validated
and trained in newly developed scenarios included in the Animal Triage Training Game.
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