
 

CRR, MN, KS, HK, JB, LK, MB: Iowa State University College of Veterinary Medicine, Veterinary Diagnostic and Production Animal Medicine, 
Swine Medicine Education Center, Ames, Iowa.

DL, EB, DJH: Veterinary Diagnostic and Production Animal Medicine, Iowa State University College of Veterinary Medicine, Ames, Iowa.

LM: Iowa State University Statistics Department, Ames, Iowa.

Corresponding author: Dr Derald Holtkamp, Iowa State University College of Veterinary Medicine, Veterinary Diagnostic and Production 
Animal Medicine, 2233 Lloyd Veterinary Medical Center, 1809 South Riverside Drive, Ames, IA 50011; Tel: 515-294-9611; Email: holtkamp@
iastate.edu.

This article is available online at http://www.aasv.org/shap.html.

Ruston CR, Linhares D, Blay E, Nickel M, Skoland K, Kittrell H, Brown J, Karriker L, Breuer M, McKeen L, Holtkamp DJ. Evaluation of a staged 
loadout procedure for market swine to prevent transfer of pathogen contaminated particles from livestock trailers to the barn. J Swine Health 
Prod. 2021;29(5):234-243.

 

Original research Peer reviewed

Evaluation of a staged loadout procedure for 
market swine to prevent transfer of pathogen 
contaminated particles from livestock trailers 
to the barn
Chelsea R. Ruston, DVM; Daniel Linhares, DVM, PhD, MBA; Eli Blay; Megan Nickel, DVM; Kristin Skoland, BS; Heather Kittrell, 
DVM, PhD; Justin Brown, DVM; Locke Karriker, DVM, MS, DACVPM, Mary Breuer, BA, Lauren McKeen, MS; Derald J. Holtkamp, 
DVM, MS

Summary
Objective: Evaluate the effectiveness of 
a staged market pig loading procedure 
for reducing contaminant transfer from 
livestock trailers to the barn. 

Materials and methods: A conventional 
loading procedure was compared to a 
staged procedure, with 10 replicates 
each. In the staged procedure, one load-
out crew member was stationed between 
two lines of separation and could not 
cross onto the livestock trailer or into 
the center alleyway of the barn. The re-
maining loadout crew members within 
the barn could not cross into the loadout 
alleyway or chute. In the conventional 

procedure, a loadout crew member 
moved pigs from the center alleyway, 
through the loadout alleyway, and up 
the chute, but did not cross onto the live-
stock trailer. Fluorescent powder was 
mixed with obstetrical lubricant and 
wood shavings and spread evenly on the 
livestock trailer floor, just inside the roll-
up door that opens to the chute. After 
each loadout, fluorescent powder con-
tamination was evaluated at 8 locations: 
one in the chute, two in the loadout al-
leyway, and five in the center alleyway 
of the barn.

Results: Four of five center alleyway lo-
cations had significantly lower contami-
nation (P < .05) for the staged protocol 

compared to the conventional protocol. 
The level of contamination at the fifth 
center alleyway location was not statisti-
cally different (P = .057). The contamina-
tion level at all other locations was not 
statistically significant between the two 
groups (P > .05).

Implications: The staged loading proce-
dure effectively reduced the transfer of 
fluorescent powder from the livestock 
trailer to the barn.
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Resumen - Evaluación de un proced-
imiento de descarga por etapas para 
cerdos de mercado para evitar la trans-
ferencia de partículas contaminadas 
con patógenos desde los camiones a los 
edificios

Objetivo: Evaluar la efectividad de un 
procedimiento de carga de cerdos de 
mercado por etapas para reducir la 
transferencia de contaminantes de los 
camiones al edificio. 

Materiales y métodos: Se comparó un 
procedimiento de carga convencional 
con un procedimiento por etapas, con 

10 repeticiones de cada uno. En el pro-
cedimiento por etapas, un miembro de 
la cuadrilla de carga se mantuvo estático 
entre dos líneas de separación y no 
podía cruzar hacia el camión o hacia el 
callejón central del edificio. Los miem-
bros restantes del equipo de carga den-
tro del edificio no podían cruzar hacia el 
pasillo o a la rampa de carga. En el pro-
cedimiento convencional, un miembro 
de la cuadrilla de carga movía a los cer-
dos desde el pasillo central, a través del 
callejón de carga y hacia arriba por la 
rampa, pero no cruzaba hacia el camión 

de cerdos. Se mezcló polvo fluorescente 
con lubricante obstétrico y viruta de 
madera y se extendió uniformemente 
en el piso del camión, justo dentro de la 
puerta enrollable que se abre hacia la 
rampa. Después de cada cargamento, se 
evaluó la contaminación por polvo fluo-
rescente en 8 lugares: uno en la rampa, 
dos en el pasillo de carga y cinco en el 
pasillo central del edificio. 

Resultados: Cuatro de las cinco ubica-
ciones de los pasillos centrales tenían 
una contaminación significativamente 
menor (P < .05) para el protocolo por 
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Swine industry efforts to improve 
biosecurity have been focused on 
breeding herds, with little atten-

tion given to the wean-to-market phase 
of production. It has been estimated 
that 55% of growing-pig groups that are 
negative for porcine reproductive and 
respiratory disease virus (PRRSV) at 
placement are positive at marketing, 
suggesting that PRRSV was introduced 
sometime during the growing period 
causing economic losses of approxi-
mately $2.29/pig placed due to higher 
mortality and slower growth.1 Although 
information on how frequently groups 
of growing pigs are infected with por-
cine epidemic diarrhea virus (PEDV) is 
not available in the literature, the lat-
eral introduction of the virus in growing 
pigs adversely affects average daily gain 
(ADG), average daily feed intake, and re-
duces growth.2 In one swine production 
system, the introduction of PEDV during 
late finishing reportedly reduced ADG by 
21.4%.3 Additionally, when growing pigs 
become infected, they serve as a source 
of the virus that may increase the inci-
dence of outbreaks in swine breeding 
herds, where economic consequences 
can be much larger. Data from the Swine 
Disease Reporting System demonstrates 
that significantly increased detection 
of PRRSV in breeding herds is typically 
preceded by increased detection in 
growing pigs, supporting the hypothesis 

that the growing pig population is a 
major source of virus in the swine 
industry.4,5

One risk event that has the potential 
to introduce virus into growing pigs 
is transport to market. In the United 
States, groups of pigs are typically trans-
ported to market over several weeks, 
creating the opportunity for pigs re-
maining at the farm to become infected 
after the first loads are taken from the 
barn. The pigs remaining in the group 
are then subject to production losses and 
become a potential source of virus for 
other swine farms. It has been demon-
strated that livestock trailers can serve 
as a source of transmission for PRRSV, 
PEDV,6,7 and other swine pathogens.

For pigs remaining on feed to become 
infected during a marketing event, a 
series of failures is required. First, the 
livestock trailer, driver, truck, or other 
pathogen carrying agent associated with 
the marketing event is contaminated 
with live infectious virus. Swine harvest 
plants receive animals from many sourc-
es daily, so PRRSV, PEDV, and other 
swine pathogens are likely present in the 
unloading area. It has been demonstrat-
ed that the livestock trailers used to haul 
pigs to market are frequently contami-
nated with virus.7 The driver, as well as 
the cab of the truck, may also serve as 
potential pathogen carrying agents for 

the viruses. Second, there is a failure to 
mitigate that contamination. Third, the 
virus is transferred as the pigs being 
marketed are loaded from the contami-
nated carrying agent to the remaining 
pigs in the group. 

Currently, there is much variation in 
how livestock trailers are handled be-
tween transporting loads of market 
pigs to harvesting plants in the United 
States. In many cases, the trailers are 
not washed, disinfected, or dried be-
tween loads of market pigs due to the 
lack of trailers, truck washes, and other 
swine transport-related infrastructure. 
Even if livestock trailers were washed, 
disinfected, and dried, contamination 
may still occur if these procedures are 
not done correctly or standard operat-
ing procedures are not implemented. If 
livestock trailers or other pathogen car-
rying agents associated with the market-
ing event are not washed, disinfected, 
and dried, or done so poorly, between 
loads, it is unlikely that the contamina-
tion will be mitigated. Therefore, when 
the livestock trailers, trucks, and drivers 
return from a swine harvest plant and 
enter growing pig sites to load market 
pigs, contamination with live infectious 
PRRSV, PEDV, or other swine pathogens 
may occur. Viral transfer from the con-
taminated livestock trailer, driver, or oth-
er pathogen carrying agents to the pigs 
must occur during the loadout procedure 

etapas en comparación con el protocolo 
convencional. El nivel de contaminación 
de la quinta ubicación en el pasillo cen-
tral no fue estadísticamente diferente 
(P = .057). El nivel de contaminación en 
todas las demás ubicaciones no fue es-
tadísticamente significativo entre los dos 
grupos (P > .05). 

Implicaciones: El procedimiento de 
carga por etapas redujo efectivamente 
la transferencia de polvo fluorescente 
desde el camión al edificio.

Matériels et méthodes: Une procédure 
de chargement conventionnelle a été 
comparée à une procédure par étapes, 
avec 10 répétitions chacune. Dans la 
procédure par étapes, un membre de 
l’équipe de chargement était stationné 
entre deux lignes de séparation et ne 
pouvait pas traverser la remorque à 
bétail ou dans l’allée centrale du bâti-
ment. Les autres membres de l’équipe 
de chargement dans la porcherie n’ont 
pas pu entrer dans l’allée de chargement 
ou la goulotte. Dans la procédure con-
ventionnelle, un membre de l’équipe de 
chargement a déplacé les porcs de l’allée 
centrale, à travers l’allée de chargement 
et vers le haut de la goulotte, mais n’a 
pas pénétré dans la remorque à bétail. 
De la poudre fluorescente a été mélangée 
avec du lubrifiant obstétrical et des co-
peaux de bois et répartie uniformément 
sur le plancher de la remorque à bétail, 
juste à l’intérieur de la porte à enroule-
ment qui s’ouvre sur la goulotte. Après 
chaque chargement, la contamination 

Résumé - Évaluation d’une procédure 
de chargement par étapes pour les 
porcs commercialisés afin de préve-
nir le transfert de particules contami-
nées par des agents pathogènes des 
remorques à bétail à la porcherie

Objectif: Évaluer l’efficacité d’une procé-
dure de chargement par étapes des porcs 
de marché pour réduire le transfert de 
contaminants des remorques à bétail 
vers la porcherie.

par poudre fluorescente a été évaluée à 
huit endroits: un dans la goulotte, deux 
dans l’allée de chargement et cinq dans 
l’allée centrale du bâtiment.

Résultats: Quatre des cinq emplace-
ments de l’allée centrale avaient une 
contamination significativement plus 
faible (P < .05) pour le protocole par 
étapes par rapport au protocole con-
ventionnel. Le niveau de contamina-
tion au cinquième emplacement de 
l’allée centrale n’était pas statistique-
ment différent (P = .057). Le niveau de 
contamination à tous les autres em-
placements n’était pas statistiquement 
significatif entre les deux groupes  
(P > .05).

Implications: La procédure de charge-
ment par étapes a effectivement réduit 
le transfert de poudre fluorescente de 
la remorque à bétail à la porcherie.
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for pigs remaining in the barn to become 
infected. Little research has been done 
to assess how frequently this failure oc-
curs or to evaluate alternative biosecurity 
measures to reduce the frequency. 

In a previous study conducted by the 
investigators, a fluorescent powder 
was used to evaluate if the addition of 
a bench entry system in a commercial 
swine facility with a shower reduced 
the likelihood of personnel introduc-
ing environmental contamination into 
a swine farm.8 Glo Germ powders and 
lotions have also been effectively used 
in the human medical field to represent 
human fluid and environmental bacteria 
contamination transfer in doffing of per-
sonal protective equipment, washing of 
hands, and glove removal methods.9-12 

The objective of this study was to evalu-
ate the effectiveness of a staged vs con-
ventional loading procedure of market 
pigs for reducing the transfer of contam-
inants from livestock trailers to the barn 
using fluorescent powder.

Animal care and use
All study procedures were performed 
in accordance with the swine produc-
tion and welfare policy of the production 
system.

Materials and methods
Preliminary data collection
A pilot study was conducted to see if fluo-
rescent powder could be successfully 
used to visualize and measure the trans-
fer of environmental contamination 
from livestock trailer to the barn. Fluo-
rescent powder (216 g) was mixed with 
0.5 L of obstetrical (OB) lubricant (Huve-
pharma, Inc) and 0.25 kg of wood shav-
ings in a large, sealable plastic bag. This 
mixture was spread evenly on a portion 
of the livestock trailer floor just inside 
the roll-up door that opens to the chute. 
After pig loadout, an ultraviolet light was 
used to scan the loadout chute, loadout 
alleyway, center alleyway of the barn, 
and pens in the barn. Fluorescent pow-
der could be found in the loadout chute, 
loadout alleyway, center alleyway in the 
barn, and in the first three pens adjacent 
to the center alleyway. 

Study facility design
The study was conducted at 20 growing 
pig sites that were owned by a single pro-
duction system. The study was conduct-
ed in July and August 2019. Each of the  

20 sites consisted of two attached barns 
and approximately 1200 pig spaces/barn. 
Inclusion criteria for the site layout in-
cluded a loadout chute that was enclosed, 
immobile, and approximately 4 m long 
and a center alleyway in the barn at least 
7.62 m long that the loadout crew would 
walk after exiting the loadout area. Sev-
enteen sites had a single loadout chute 
located in one of the barns, adjacent to 
a centrally located office. There was one 
loadout alleyway that led to the center al-
leyway in the barn and was enclosed on 
one side by a wall and a 3 ft high solid 
cement wall on the other side. The load-
out alleyway was adjacent to an empty 
small holding pen. One replicate in the 
conventional group had a single loadout 
chute at one end of both attached barns. 
Two sites, one in the staged and one in 
the conventional group, had a loadout 
chute directly connected to a wide cen-
tral hallway between both barns. The 
central hallway was enclosed by walls, 
and no holding pen was present. A stan-
dard double deck livestock trailer can 
hold approximately 170 market swine, 
therefore loads were excluded if less 
than 165 pigs were loaded on a single 
trailer. Replicates were also excluded if 
personnel stepped completely over the 
established lines of separation more 
than twice. 

Study design and treatment 
groups 
A conventional (control) and staged 
loadout protocol were compared in this 
controlled study. Each group had 10 rep-
licates. A replicate was defined as the 
last of the scheduled loads for that site 
in a single day. The final load of the day 
was chosen to avoid delaying subsequent 
loads and disrupting market schedules 
while the measurements were taken. 
Each growing pig site was used for a sin-
gle replicate to prevent the possibility of 
residual contamination from a previous 
replicate. 

The initial allocation of treatment 
groups was done by blocking on day of 
the week (Sunday through Friday) and 
then randomizing replicates within 
each day of the week. Blocking on the 
day of the week was done to control for 
any potential differences in procedures 
by the day of the week or if employees 
were more or less rushed to complete 
the loading procedure on certain days 
of the week. Randomization was done 
using the rand function in Excel (2016, 
Microsoft Corporation). However, the fi-
nal allocation (Table 1) was altered, and 

therefore no longer random, because 
of last-minute changes in the loadout 
schedule and several replicates were 
discarded when violations of at least 
one of the inclusion or exclusion criteria 
occurred. 

For the conventional group, a crew of 3 
to 4 people loaded the pigs according to 
the production system’s conventional 
loading protocol (Figure 1A). Any mem-
ber of the crew (Person 1) moved pigs 
from the center alleyway of the barn, 
through the loadout alleyway, and up 
the chute. Person 1 was not allowed to 
cross the line of separation between the 
livestock trailer and the loadout chute. 
The driver was confined to the trailer 
or Zone A and was not allowed to cross 
the line of separation between the chute 
and the back of the livestock trailer. The 
remaining members of the loading crew 
were restricted to Zone B and moved the 
pigs to be loaded from the pens down the 
center alleyway until they were trans-
ferred to Person 1. The barn, loadout 
alleyway, and chute were all part of the 
same zone (Zone B), and any member of 
the loadout crew could move freely with-
in the zone. 

For the staged group, there were two lines 
of separation (Figure 1B). The first line of 
separation was between the livestock trail-
er (Zone A) and the loadout chute in the 
loadout area (Zone B). The driver had to 
remain in the trailer. A single member of 
the loadout crew (Person 1) was designated 
to the loadout, or Zone B. The second line 
of separation was approximately between 
the loadout alleyway (Zone B) and the re-
mainder of the barn (Zone C). Person 1 
stayed in Zone B and the other members of 
the loadout crew (Persons 2 and 3) stayed 
in the barn, or Zone C. Person 1 was able to 
step into the buffer zone, which was con-
sidered part of the loadout (Zone B), to let 
pigs pass.

The same loadout crew, made up of 4 
members, loaded 18 of the 20 replicates. 
They completed all 10 of the staged 
replicates and 8 of the 10 conventional 
replicates. Two other loadout crews 
loaded the 2 conventional replicates to 
accommodate loadout schedules. These 
two loadout crews had 3 members per 
crew. On day 1 of the study, the study in-
vestigators conducted a session to train 
the loadout crews how to perform the 
staged loading procedure. Two diagrams 
with instructions in English and Span-
ish on how to perform the staged and 
conventional loadout procedures were 
given to the loadout crews and loadout 
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Table 1: Treatment group allocation per day of the week throughout the study

Day of the Week Conventional Staged

Sunday 1 2

Monday 0 1

Tuesday 3 2

Wednesday 3 3

Thursday 2 1

Friday 1 1

Total 10 10

 

crew managers and explained in detail. 
Before each loadout, the loadout crews 
were told which procedure they needed 
to perform and reminded of the direc-
tions for that procedure. 

Fluorescent powder 
A fluorescent powder (Glo Germ; Glo 
Germ Company) was used to visualize 
contamination from the livestock trailer 
to the barn. The fluorescent powder sim-
ulated the behavior of pathogens from 
fomites and is similar in size to bacteria, 
approximately 1 to 5 microns or less.8 
The powder appears white under natural 
light and fluoresces when exposed to ul-
traviolet light. 

Outcome variables 
A single grid was constructed to measure 
the level of contamination (Figure 2). The 
grid was 120 × 55 cm2 and divided into  
264 squares, each measuring 5 × 5 cm. 
The grid was made of polyvinyl chloride 
(PVC) pipe and flat fluorescent plastic 
string (Rexlace plastic craft lacing; Pep-
perell Braiding Company) placed at 5 cm 
intervals in the PVC pipe grid. The grid 
was coated with a fluorescent paint that 
was visible under long-wave ultraviolet 
light (UV-A), but a different fluorescent 
color than that of the fluorescent powder. 
Measurement of contamination was tak-
en using the grid at 8 different locations 
shown in Figure 3. The measurement 
locations included: 1 ft in front of the end 
of the loadout chute adjacent to the trail-
er; 1 ft in front of the beginning of the 
loadout chute; 1 ft behind the second line 
of separation within the loadout area; 
directly in front of the line of separation 
in the center alleyway; and 4 locations 
in the center alleyway spaced 3 ft apart 
from the previous measurement.  
Measurements for each location were 
recorded by counting the number of 

5 × 5 cm squares with any amount of 
f luorescent powder present.

Also recorded were major, minor, and 
necessary violations of the protocols, 
and number of loadout crew members 
present for the procedure. A minor viola-
tion was defined as a loadout tool cross-
ing the line of separation or a person 
partially crossing a line of separation, 
such as half a boot. A major violation was 
defined as a person walking completely 
across a line of separation. A necessary 
violation occurred when an animal re-
quired assistance on the loadout chute, 
trailer, or between the loadout chute and 
trailer. The necessary violations occurred 
when a member of the loadout crew or 
the driver stepped completely over the 
line of separation to help the animal.

Study procedures
Immediately before each scheduled site 
visit, 216 g of fluorescent powder was 
mixed with approximately 0.5 L of OB 
gel and 0.25 kg of wood shavings in a 
large, sealable plastic bag. Before pigs 
were loaded on the last scheduled load 
for the evening, the fluorescent powder 
mixture was spread evenly on a portion 
of the livestock trailer floor just inside 
the roll-up door that opens to the chute 
(Figure 4). When the staged protocol was 
followed, the location of the second line 
of separation was determined based on 
the design of the barn and marked with 
commercially available red livestock 
spray paint (Quik shot spray paint, LA-
CO Industries). On the nights where the 
conventional protocol was followed, the 
location of the second line of separation 
was determined prior to loadout for the 
purpose of determining measurement 
locations, but not marked to avoid con-
fusion with the loadout crew as to what 
protocol they needed to follow. The sec-
ond line of separation was typically at 

the end of the loadout alley in the barn. 
In 3 instances, the barn’s loadout alley-
way was a central hallway with no buffer 
zone. In these cases, the second line of 
separation was at the end of the central 
hallway, where the barn and hallway 
met. If there was not an appropriate buf-
fer zone for Person 1 of the loadout crew 
during a staged loading replicate, the 
second line of separation was extended 
approximately two feet past the loadout 
area so Person 1 could establish an ap-
propriate buffer zone to move out of the 
travel pathway of pigs being loaded into 
the chute. After the fluorescent powder 
mixture was spread evenly on the back 
of the livestock trailer, and the second 
line of separation was determined, the 
loadout procedure was observed. Viola-
tions were recorded and deemed as mi-
nor, major, or necessary violations. After 
the loadout was complete, Person 1 put 
on plastic boots by elevating their feet 
while standing in the loadout area and 
then stepping back into the barn. They 
were to avoid stepping on the floor of the 
loadout area once the plastic boots were 
on and return to the office to avoid cross-
contamination after crossing the second 
line of separation. When the loadout 
crew exited the barn, the measurement 
grid was used to measure the contamina-
tion level at each of the locations shown 
in Figure 3. The lights were turned off 
and a UV-A flashlight (Lights of America) 
was used to illuminate any fluorescent 
powder present in the grid coordinates. 
If there was any powder inside the cell of 
the grid, it was counted as contaminat-
ed. This was repeated for each location. 
A primary investigator and 1 of the 6 
secondary investigators were present to 
observe the loadout and to take measure-
ments for all but 2 replicates. For these 
2 replicates, 2 secondary investigators 
were present to observe the loadout and 
take measurements. Both investigators 
present would count the number of con-
taminated squares, and after counting, 
the secondary investigator would record 
the number of contaminated squares. An 
effort was made to take measurements 
in the evening, after sundown, or in the 
mornings before sunrise to visualize the 
fluorescent powder more easily.

Statistical analysis
All data was analyzed using PROC GLIM-
MIX (SAS version 9.4). A generalized 
linear mixed effects model with the 
Poisson response distribution and log 
link was used to model the number of 
contaminated cells as the response vari-
able. Fixed effects included treatment 
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Figure 1: A) Conventional and B) staged protocol for market pig loadout. 
For conventional loadout, Zone A included the livestock trailer and Zone B 
included the loadout area plus the barn. There was only one line of separation 
between the livestock trailer and loadout chute. All members of the loadout 
crew were free to move between the loadout chute, loadout alleyway, and 
barn. For staged loadout, Zone A included the livestock trailer, Zone B 
included the loadout, and Zone C included the barn. There were two lines 
of separation, with the additional line of separation located between the 
loadout area and the rest of the barn. Loadout crew member 1 could not pass 
back into the barn, and loadout crew members 2, 3, and 4 could not pass into 
the loadout alleyway and chute.

 

(conventional or staged), sampling point 
(chute, in front of the chute, second line 
of separation, or center alley in barn 
1-5), major violations (0 or 1), loading 
crew size (3 or 4), and minor violations 
(analyzed as a continuous variable). In-
teraction terms for treatment and sam-
pling point, major violations and sam-
pling point, and minor violations and 
sampling point were also included. The 
barn was analyzed as a random effect to 
account for repeated grid measurements 
at a single point in time for each load. 
Sampling points were treated as categor-
ical variables. Only 1 of 20 replicates had 
2 major violations, all others had either 
0 or 1. Therefore, major violations were 
analyzed as a binary variable (0 for no 
major violations or 1 for one or more ma-
jor violations). A pairwise comparison 
was performed on differences between 
the treatment groups at each sampling 
points, and differences in sampling 
point and major violations. A P value  
< .05 was considered significant. 

Results
Three replicates were discarded and re-
peated. One because the number of ani-
mals loaded onto the truck was less than 
165, one because there were over 2 major 
violations from the staged loading proto-
col, and one because the measurement 
grid did not fit in the loadout alleyway 
and an accurate measurement could not 
be obtained. At least 1 major violation 
occurred in 7 of the 20 replicates. Five of 
these replicates were the staged group, 
and 2 replicates were the conventional 
group. There were 0 necessary violations 
observed throughout the study. At least 
1 minor violation occurred in 6 of the 20 
replicates, 5 of which were the staged 
group and 1 was the conventional group. 
Data was successfully captured for 10 
replicates for both treatments. 

A summary of main fixed effects used in 
the model is displayed in Table 2. Treat-
ment and sampling point were both sta-
tistically significant in the model  
(P = .01 and P < .001, respectively). Major 
violations and minor violations were not 
statistically significant (P = .14 and  
P = .16, respectively). The number of 
crew members was also not statistically 
significant (P = .31). When there were  
4 crew members present during the 
conventional loadout procedure, the 
member that ran pigs up the loadout 
chute usually walked back into the barn 
at least 7.62 m in the center alleyway 
until the next group of pigs was brought 
to them. When there were 3 crew mem-
bers, the member that ran the pigs up 
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the loadout chute also walked back into 
the barn at least 7.62 m into the center 
alleyway. The only observable difference 
between the 3-member loadout crew and 
the 4-member loadout crew was that the 
member in the 3-member loadout crew 
moving the pigs up the loadout chute 
sometimes traveled further than the  
7.62 m back into the center alleyway to 
receive the next group of pigs. Both crew 
sizes (3 vs 4) covered the same area that 
was measured in the center alleyway. 

The interaction between treatment and 
sampling points was statistically signifi-
cant (P = .04) however, the interaction 
between major violations and sampling 
point and minor violations and sampling 
point were not statistically significant 
(P = .20 and P = .07, respectively). A com-
parison of the number of contaminated 
cells between each treatment group at 
each location is shown in Figure 5. The 
number of contaminated squares at cen-
ter alleyway locations 1, 2, 3, and 4 were 
significantly lower for the staged group 
compared to the conventional group 
(P = .02, P = .007, P = .005, and P = .009, 
respectively). While the number of con-
taminated squares at center alleyway 
location 5 was lower for the staged group 
than the conventional group, the differ-
ence was not statistically significant  
(P = .057). The contamination at all oth-
er locations, the chute, in front of the 
chute, and the second line of separation, 
were not statistically significant (P = .24, 
P = .73, and P = .63, respectively) between 
the conventional and staged groups. It 
was not expected that measurements in 
the chute and loadout alleyway would be 
statistically significant from each other. 
The staged loading procedure should not 
affect how much contamination is con-
veyed from the trailer to the chute and 
loadout alleyway. The standard errors in 
the center alleyway for the conventional 
group were greater than those for the 
staged group (Figure 5). 

The measurements taken in the load-
out chute had consistently high levels 
of contamination, with at least 75% of 
the grid squares contaminated. Least 
squares means of contaminated cells for 
no major violations and 1 or more major 
violations across all treatment repli-
cates were 15.75 and 22.96, respectively. 
At each sampling point, differences be-
tween replicates that had no major viola-
tions or 1 or more major violations, were 
not significant (P > .05) except for the 
center alleyway location 4 (P = .01). 

Figure 2: A 120 × 55 cm2 PVC pipe grid  divided into 264 squares, each 
measuring 5 × 5 cm, was constructed to measure the level ofcontamination at 
8 different locations after each loadout.

 

Figure 3: Contamination was measured in 8 locations throughout the loadout 
and barn area. Locations 1-3 were within the load-out: 1) 1 ft in front of the end 
of the loadout chute adjacent to the trailer; 2) 1 ft in front of the beginning of 
the loadout chute; and 3) 1 ft behind the second line of separation within the 
loadout area. Location 4 was directly in front of the line of separation in the 
center alleyway and locations 5-8 were in the center alley, approximately 3 ft 
apart.
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Figure 4: The mixture of fluorescent powder (Glo Germ), wood chips and 
obstetrics gel placed just inside the roll up door of the livestock trailer. The 
fluorescent powder appears white in sunlight and fluoresces when the primary 
light source is long-wave ultraviolet.

 

Discussion
The staged loading procedure signifi-
cantly reduced the amount of contami-
nation, as simulated with fluorescent 
powder, from the back of the trailer to 
the barn alleyway at all center alleyway 
locations except for location 5, which 
was nearly significant. This could be 
due to center alley location 5 being the 
furthest measurement away from the 
trailer and distance could be a factor in 
contamination levels. In contrast, there 
were no significant differences between 
sampling points and major violations at 
any center alleyway location except for 
location 4. A possible explanation could 
be that contamination fell off a boot or 
loadout tool at this spot when moving 

through the barn. There is a large 
amount of variation in the conventional 
loading procedures in comparison to the 
staged loading procedure, suggesting 
that the amount of contamination that is 
conveyed from a livestock trailer to the 
barn is inconsistent and likely depends 
on several factors, including how fre-
quently the line of separation between 
the trailer and chute is violated or the 
conventional loading procedure itself. 

In both groups, the locations in the load-
out chute consistently had a high level 
of contamination. This demonstrates 
that the load crew member(s) that are 
walking on the chute, most likely were 
picking up contamination on their boots, 
sorting panels, and other pig handling 

tools. The contamination level on the 
chute is not only due to violations of the 
line of separation from personnel, but 
also from pigs lunging onto the trailer 
from the loadout chute and losing trac-
tion. To accelerate quickly or to go up an 
incline, pigs will lunge with their hind 
limbs. When they lose traction while 
lunging, bedding and contamination is 
ejected backwards onto the chute. This 
was observed in almost every loadout of 
the study and is a likely source of trans-
fer of contamination from the livestock 
trailer back into the loadout chute. Also, 
as more pigs are loaded, feces and urine 
accumulate on the loadout chute causing 
the wood shavings that are kicked from 
the trailer to stick to the boots of the 
loadout crew, allowing them to pick up 
contaminated particles and bring them 
back into the barn. An additional source 
of contamination frequently observed 
in the loadout chute was from pigs turn-
ing around from the livestock trailer and 
returning onto the chute throughout the 
study. Another factor observed during 
the study contributing to the contamina-
tion of the loadout chute and loadout al-
leyway were minor violations of the pro-
cedure. Throughout the duration of the 
study, the loadout crew had several mi-
nor and major violations noted in both 
the staged and conventional loading pro-
cedures. Some of these minor violations 
included a sorting panel crossing over a 
line of separation, possibly picking up 
contamination and bringing it back into 
the barn. Twice during the duration of 
the study, the driver exited the livestock 
trailer via the loadout chute when the 
loadout was complete, accounting for 
two of the major violations.

In one staged loading replicate, there 
was no contamination in the 5 center al-
leyway locations of the barn. However, 
in all other staged loading replicates, the 
procedure did not eliminate contamina-
tion in the center alleyway of the barn. 
The results of this study suggest that the 
staged loading procedure may reduce 
the likelihood of contamination, but it is 
not clear to what extent that likelihood 
is reduced and to what extent the level of 
contamination is clinically significant. 
Contamination may have resulted from 
pigs turning around in the loadout al-
leyway or chute and crossing the second 
line of separation to return to the barn 
alleyway. An exact count was not taken 
on number of pigs that turned around 
past the second line of separation for 
each treatment replicate. However, it 
is noted that at least one or more pigs 
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Table 2: Summary of the parameter estimates (SE) for the main fixed effects when comparing conventional vs staged 
loadout protocols for market pigs

Effect Level Estimate (SE) P value*

Intercept 3.67 (0.46) < .001

Treatment
Conventional -0.25 (0.50)

.01
Staged 0

Sampling point

Center alley 1 -1.26 (0.44)

< .001

Center alley 2 -2.31 (0.54)

Center alley 3 -2.59 (0.62)

Center alley 4 -3.30 (1.04)

Center alley 5 -4.48 (1.75)

Chute 1.89 (0.45)

In front of chute 1.24 (0.32)

Second line of separation 0

Major violations (Binary)
0 (no violations) 0.33 (0.55)

.14
1 (more than 1 violation) 0

Crew size
3 0.05 (0.04)

.31
4 0

Minor violations Continuous variable 0.21 (0.15) .16

* All data was analyzed using PROC GLIMMIX. A generalized linear mixed effects model with the Poisson response distribution and log  
   link was used to model the number of contaminated cells as the response variable.

 

Figure 5: Pairwise comparison of the count of contaminated grid cells at each sampling point for the conventional (red) 
and staged (blue) groups. The error bars represent the standard error estimate for each least squares means. Different 
superscripts (a,b) within a sampling point indicates significant differences between the number of contaminated cells 
between the conventional and staged groups (P < .05 GLM).
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turned around in each replicate either 
from the chute back into the loadout al-
leyway or from the loadout alleyway into 
the barn. Therefore, using appropriate 
gates or barriers may be warranted for 
staged loading to ensure that pigs can-
not cross back over into the barn past 
the second line of separation. This may 
reduce the likelihood that the pigs would 
carry some contamination back into the 
barn from the livestock trailer. Other 
sources of contamination in the center 
alleyway of the barn were some minor 
violations, similar to those mentioned 
previously at the first line of separation. 
These minor violations, such as a sorting 
panel or boot crossing the second line of 
separation, were also observed. 

Another challenge in the study was barn 
design. Some site designs were more 
complex and impacted the application of 
the staged loading procedure. Several of 
the study barns did not have a feasible 
buffer zone that was isolated from other 
pigs in the barn for the crew member 
designated to the loadout area to step 
into while pigs were being moved into 
the loadout area from the center alley-
way of the barn. This did not interfere 
with the study, since a pen of pigs could 
be designated as the buffer zone there-
fore all measurements of contamination 
were taken in the center alleyway of the 
barn. However, this would defeat the 
purpose of using a staged loading pro-
cedure in practice. Ideally, a buffer zone 
would be adjacent to the loadout area, 
easy for Person 1 of the loadout crew to 
access and be isolated from other pigs in 
the barn. It would be beneficial for a buf-
fer zone to be away from pigs in the barn 
so that cleaning and disinfection of the 
loadout area and buffer zone could be ac-
complished without contaminating the 
remaining pigs in the barn. Barn design 
must be considered when implementing 
a staged loading protocol. 

There were several complications that 
took place during the study. Ideally, sites 
would have been randomly blocked by 
day of the week as initially planned. 
However, due to 3 replicates being dis-
carded, last-minute changes in the 
production system loadout schedule, 
and lack of feasible buffer zones to ac-
complish a staged loading replicate, the 
replicates were unable to be blocked by 
day of the week. Day of the week may be 
important to account for when produc-
tion systems wash livestock trailers and 
possibly if loadout crew members are 
more relaxed on rules or more likely to 

have violations the day after a weekend 
or the day before a weekend. More re-
search may be needed to determine if 
day of the week has an impact on loading 
protocols.

Three loadout crews were used in this 
study. This did not impact the study 
results and was not statistically signifi-
cant. All loadout crews were trained in 
the same procedures. The main objec-
tive of this study was to compare the 
level of contamination within the center 
alleyway of the barn between the two 
protocol groups. 

The grid was a novel measurement ap-
proach first used in a study looking at 
the addition of a bench entry system to 
reduce the level of contamination.8 As 
in the previous study, the grid was used 
to quantify the level of contamination 
at the measurement points within the 
barn. However, if any fluorescent powder 
was observed in any 5 × 5 cm square, the 
square was counted as contaminated. 
The coverage within the square may have 
ranged from a small particle to complete 
coverage in the square.8 A higher resolu-
tion grid would result in a more precise 
measurement of contamination. High-
quality photographs of the grid measure-
ments may also be a viable option for 
future research to obtain more precise 
measurements of contamination and con-
firm contamination levels. 

The sample size of 10 replicates/group 
was not based on a power calculation. 
Because this study was novel, reasonably 
good estimates of the mean differences 
and the standard deviation of the out-
come measurements could not be made. 
Because the study assessing the bench 
entry system was conducted under en-
tirely different conditions, the results 
were not considered useful for making 
such estimates for this study.8 Therefore, 
the sample size was selected arbitrarily. 

The study was conducted in the sum-
mer, and even though temperature does 
not affect the fluorescent powder itself, 
it could affect the consistency of feces, 
urine, and organic material which would 
affect the outcome of the study. Since 
all the replicates were completed in the 
summer months, whether seasonality 
matters was beyond the scope of the 
study. The objective was to evaluate the 
staged loading protocol to reduce con-
tamination levels, and not to take time of 
the year into account, although this may 
be important with wind and snow in the 
winter months. 

The primary investigator was present for 
18 of 20 replicates to measure and record 
for consistency. For 2 of the replicates, a 
secondary investigator took the place of 
the primary investigator. There is a pos-
sibility that there could be some inter-
observer error, but this was believed to 
be nonsignificant due to the primary 
investigator being present a majority of 
the time. 

Under the conditions of this study, 
staged loading reduced the amount of 
contamination conveyed from livestock 
trailers to the barn but did not eliminate 
it. This study highlights the importance 
of additional layers of biosecurity. Add-
ing layers of biosecurity can reduce the 
frequency that contamination is con-
veyed from the livestock trailer to the 
barn, similar to the addition of a bench 
and shower upon farm entry.8 When 
contamination crosses the first line of 
separation, the second line of separation 
serves as a backup to reduce contamina-
tion transfer from the loadout chute to 
the center alleyway in the barn. 

Implications
Under the conditions of this study:

•	 Staged loading reduced contamina-
tion transfer to the barns. 

•	 Staged loading is an additional 
layer of biosecurity to reduce 
contamination.

•	 Evaluating barn design and employ-
ee training are warranted before 
implementing.
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