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1  | INTRODUC TION

During recovery from an outbreak of avian influenza virus (AIV) or 
Newcastle disease virus (NDV) in poultry, ensuring that the infected 
premises are free of residual virus is critical for releasing a quaran-
tine and restocking. Infected birds can shed high amounts of virus 
into the environment, thus eliminating residual virus on surfaces in 
poultry houses constitutes a critical factor in infection control (Dent, 
Kao, Kiss, Hyder, & Arnold, 2008; Tiwari, Patnayak, Chander, Parsad, 

& GoyalA, 2006). Surface sampling of the environment is also used to 
evaluate viral contamination and the efficacy of proper disinfection 
procedures after an outbreak (Rodriguez-Lazaro et al., 2012; Rose, 
Noble-Wang, & Arduino, 2016) and may also be utilized as an adjunct 
to testing animals when attempting to identify infected premises.

Currently, there is not a uniform approach to testing wire 
cages, which are a challenge because of the minimal surface 
area and the wire tends to damage collection devices that work 
well on other surfaces. Wire cages are most commonly used for 
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Abstract
Environmental testing of poultry premises after an outbreak of an infectious disease 
like avian influenza (AI) or Newcastle disease is essential to promptly verify virus-free 
status and subsequently return to normal operations. In an attempt to establish an 
optimized sampling protocol, a laboratory study simulating an AI virus-contaminated 
poultry house with wire layer cages was conducted. Three sample collection devices, 
pre-moistened cotton gauze, dry cotton gauze and a foam swab, were evaluated with 
each of four sample locations within a cage and when sampling all four locations with 
one device. Virus was detected with quantitative real-time RT-PCR utilizing a stand-
ard curve of a quantified homologous isolate of AI virus to determine titre equivalents 
of virus. The pre-moistened gauze detected the most virus RNA (100% positive, geo-
metric mean titre [GMT): 3.2 log10 50% embryo infectious doses [EID50] equivalents 
per 25 cm2) in all four sample locations compared to dry gauze (93% positive, GMT: 
2.6 EID50 equivalents per 25 cm2) and foam swabs (95% positive, GMT: 2.8 log10 
EID50 equivalents per 25 cm2). The highest viral RNA loads were observed from the 
cage floor, and when the four locations were sampled with the same device. Overall, 
the pre-moistened gauze performed the best, and sampling multiple locations within 
a cage with the same device would likely optimize detection of residual virus.
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poultry housing worldwide (Leenstra, Ten Napel, Visscher, & Van 
Sambeek, 2016) and are utilized in wet markets; therefore, opti-
mization of collection procedures can improve the likelihood of 
detecting the virus in the environment, as more sensitive methods 
and tests will yield higher viral loads with the same level of resid-
ual virus. Using proper and sensitive collection devices is crucial as 
low viral concentrations paired with heterogeneous distribution 
of virus in the environment may complicate the detection of the 
target virus (Scherer et al., 2009). Establishing an optimized and 
validated sampling protocol to ensure the absence of virus in such 
environments after an outbreak is essential for reestablishment of 
normal business operations in an affected region and minimizing 
economic implications.

The objective of this study was to compare sampling devices 
and to determine the optimal locations for virus detection on en-
vironmental surfaces in wire cages to provide general guidance 
and standardized procedures for environmental sample collection 
and testing for residual AIV or NDV after an outbreak. These data 
should also contribute to models to determining the optimal number 
of samples to collect within the goals of a given situation, and to 
provide information on where the virus would likely settle, for facil-
itating cleaning and disinfection (C&D) processes. For that purpose, 
a laboratory-based, animal trial with low pathogenic (LP) AIV was 
conducted to simulate the environment of poultry houses containing 
infected birds to evaluate sampling devices and sampling locations.

2  | MATERIAL AND METHODS

2.1 | Viruses

The A/chicken/Egypt/F12170A/2016 H9N2 LPAIV and A/chicken/
Coahuila (Mexico)/IA20/2011 H5N2 LPAIV isolates were obtained 
from the repository at the Southeast Poultry Research Laboratory 
(SEPRL), US National Poultry Research Center (USNPRC), USDA-
Agricultural Research Service. Samples were collected during the 
course of other scheduled pathobiology studies with each of these 
viruses. Both viruses were propagated and titrated in embryonating 
chicken eggs as per standard methods (Spackman & Stephens, 2016).

2.2 | Chickens

All procedures involving animals were reviewed and approved by the 
US National Poultry Research Center institutional animal care and 
use committee. Specific pathogen-free White Plymouth Rock hens in 
production (n = 32) were housed in a group of 2 per metal wire 3-tier 
layer cage (Murray McMurray Hatchery, model 5PLC). Cages were 
equipped with a common nipple drinker line for each tier (Ziggity 
Systems Inc.). The hens were 22 weeks old at the start of the ex-
periment with the H9N2 LPAIV and 29 weeks old at the start of the 
experiment with the H5N2 LPAIV. A dose of LPAIV containing 106 
50 per cent embryo infectious doses (EID50) per bird in 0.1 ml was 

inoculated by the intrachoanal route using an oral gavage needle. The 
inoculum was diluted with brain heart infusion (BHI) media. Hens had 
ad libitum access to feed and water for the duration of the experi-
ment. The same lighting programme to which the hens were already 
acclimated to was used. Each hen was tagged for identification.

2.3 | Sampling devices and location

Samples were collected from each of 15 cages containing infected 
birds at 48, 72 and 96 hr post-challenge, which is the peak of virus 
shedding. Prior to challenge, a set of negative samples were col-
lected from each hen occupied cage (n = 15 per collection device/
location combination) to confirm specificity.

The following sample collection devices were used: (a) foam swabs 
(Puritan 25-1607-1PF); (b) pre-moistened 10.2 cm × 10.2 cm (4” × 4”) 
cotton gauze pads; and (c) dry 10.2 cm × 10.2 cm cotton gauze pads. 
Four locations around the cage were defined as sampling areas: (a) the 
floor of each cage; (b) the wall at chicken head and neck level; (c) the 
egg trough; and (d) the top of the nipple drinker line. During the first 
experiment with the H9N2, each location was sampled separately 
with each device (45 samples per device/location combination; each 
of 15 cages sampled on each of 3 days). During the second experi-
ment with the H5N2, all four sample locations were tested with the 
same device (45 total samples per device: 3 total samples per each of 
the 15 cages for each of the three sample days). All collection devices 
were firmly rubbed multiple times across the length and breadth of 
the target area (approximately 25 cm2 which was about 3 squares × 5 
squares in the cage wire grid) in an attempt to collect as much material 
as possible from a uniformly sized area. The top of the drinker line, 
which was outside the cage, was swabbed in about a 25-cm2 area. 
Sterile BHI media, which has been documented to preserve AIV and 
NDV live virus and RNA for diagnostic testing (Erickson et al., 1978; 
Spackman, Pedersen, McKinley, & Gelb, 2013), were used for eluting 
and transporting the samples to maximize virus recovery. Dry gauze 
was directly applied to target areas, and contents were eluted in BHI 
media after sampling. The material on the gauze was eluted by putting 
the gauze in a sealable plastic bag and soaking it with 5 ml of BHI 
media. The gauze was then manually squeezed (similar to stomaching) 
inside the bag for 5 s, the corner of the bag was then cut-off, and 
the media were decanted into sterile tubes. A new plastic bag was 
used for each sample, and the scissors were decontaminated by wip-
ing with 70% ethanol between samples. Gloves were only changed 
if gross contamination occurred. Pre-moistened gauze was wet with 
5 ml BHI media before sampling and went through the same elution 
process in the plastic bag after sample collection without adding ad-
ditional media. A volume of 1-2 ml could routinely be recovered from 
the cotton gauze. The foam swabs were directly applied for sampling 
in a dry state. After sampling, swabs were swirled in tubes filled with 
3 ml of BHI media to release the material. The amount of collection 
media used for gauze (5 ml) was greater than swabs (3 ml) to account 
for the media loss from absorption by the gauze and hold-up in the 
bag. Because the total volume which could be recovered from gauze 
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varied, which is inherent to this procedure where the aim is to maxi-
mize sensitivity by using small volumes of the medium, and because 
RNA is extracted from a portion of that material, the concentration of 
analyte is the critical factor rather than the final volume; therefore, we 
report results by approximate sample collection areas (25 cm2). The 
swabs were removed by squeezing the swab against the side of the 
tube to express as much media as possible. Samples were transported 
on wet-ice and were stored at −80°C until they were processed for 
real-time reverse transcriptase–polymerase chain reaction (qRT-PCR).

2.4 | Sample processing and qRT-PCR

RNA was extracted from a total of 45 samples for each combina-
tion of collection device and sample location using the MagMax96 
Viral RNA Isolation Kit System (Thermo Fisher Scientific) and the 
KingFisher Flex Magnetic Particle Processing System (Thermo Fisher 
Scientific). The manufacturer's instruction was followed with the ad-
dition of an additional wash step to remove inhibitors (Das, Spackman, 
Pantin-Jackwood, & Suarez, 2009). qRT-PCR was performed based 
on the standard USDA M gene AIV qRT-PCR procedure (Spackman 
et al., 2002) using an Applied Biosystems® 7,500 Fast Real-Time PCR 
system (Thermo Fisher Scientific). Cycle threshold (Ct) values were 
calculated by the 7,500 Fast Software v2.3 (Applied Biosystems). For 
relative quantification, cycle threshold (Ct) values obtained from qRT-
PCR were converted to titre equivalents based on the titre of the 
viruses, each of which was used as qRT-PCR standards for the appro-
priate samples. The limit of detection (LOD) or the cut-off value was 
determined based on the endpoint when the qRT-PCR assay did not 
detect any signal in the RNA from serially diluted standard viruses.

2.5 | Statistical analysis

The Mann–Whitney test was used to compare the viral RNA loads 
that were detected in the samples, and the proportion of positive 
samples was compared with the Fisher exact test (Prism 8 version 
8.2.1, GraphPad Software). The qRT-PCR detection limit was 0.7 
log10 EID50 equivalents per 25 cm2; therefore, all samples where 
virus was not detected were given an imputed titre of 50% of the 
LOD (0.4 log10 EID50 equivalents per 25 cm2) (Cohen, 1959).

3  | RESULTS

3.1 | Comparison of collection devices

Quantitative RT-PCR assay was used to detect the presence of viral 
RNA recovered by each device to compare the sensitivity among 
sampling devices (Table 1, Figure 1). Data from all 3 days were com-
piled for each sampling device. No viral RNA was detected from 
samples collected prior to challenge (data not shown). Overall, the 
pre-moistened gauze had the highest positivity rate (99%) and de-
tected the most virus RNA (geometric mean titre [GMT]: 3.2 log10 
EID50 equivalents per 25 cm2) from each of the four sample loca-
tions compared to dry gauze (93% positive, GMT of 2.6 EID50 equiv-
alents per 25 cm2) and foam swabs (95% positive, GMT of 2.8 log10 
EID50 equivalents per 25 cm2). Pairwise comparisons between the 
collection devices showed that the pre-moistened gauze recov-
ered significantly more viral RNA than the dry gauze in each of the 
sample locations, and for the area on top of the drinker line com-
pared to the foam swab (p = .0079) (Table 1). Viral RNA recovery 
was not significantly different between sampling devices for other 
comparisons. There was only one situation where the proportion of 
positive samples was significantly different between two devices; 
significantly more (p = .0262) samples collected with pre-moistened 
gauze were positive than samples collected with the foam swab 
from the drinker line.

3.2 | Comparison of viral RNA loads between 
sample locations

To identify the target area where the virus is most likely to be 
detected in layer cages, viral RNA loads detected on top of the 
drinker line, cage head level, cage floor and egg tray were compared 
(Figure 2). Higher viral RNA loads were observed on the cage floor, 
along with a higher proportion of positive samples (0.99) compared 
to other areas; however, the pairwise comparison of viral RNA loads 
between locations was not significant (data not shown). The propor-
tion of samples that were positive in each area was not significantly 
different.

Environmental samples from a second experiment collected 
with the same device for all four sample locations were statistically 

TA B L E  1   Proportion of positive samples and geometric mean of viral RNA (expressed as titre equivalents) recovered by sample collection 
devices and location

Collection device

Location of sample collection

Drinker line
Cage wall head  
level Cage floor Egg trough

All locations 
with one device

Dry cotton gauze 42/45a  (2.5)b  41/45 (2.4) 44/45 (2.7) 40/45 (2.3) 44/45 (2.0)

Pre-moistened cotton gauze 45/45 (3.0) 45/45 (3.0) 45/45 (3.5) 43/45 (2.8) 45/45 (3.0)

Foam swab 39/45 (2.3) 43/45 (2.6) 44/45 (3.1) 44/45 (2.6) 42/45 (2.0)

a# of positive samples/# of total samples. 
bGeometric mean of titre equivalents detected (log10 50% embryo infectious dose) per 25 cm2. 
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analysed, and viral RNA loads were compared (Table 1, Figure 2). 
Similar to the results with the first experiment where cage areas were 
sampled separately, the pre-moistened gauze recovered the most viral 
RNA (3.1 log10 EID50 equivalents per 25 cm2) and 100% of the sam-
ples were positive compared to dry gauze (2.1 log10 EID50 equivalents 
per 25 cm2, 98% positive) and foam swabs (2.2 log10 EID50 equivalents 
per 25 cm2, 94% positive). While the viral RNA loads in the samples 
collected from the pre-moistened gauze were significantly higher than 
other devices, the statistical difference in viral RNA loads detected be-
tween samples collected with dry gauze and foam swab was non-sig-
nificant (Table 1). The proportion of samples that were positive did not 
differ significantly among the sample collection devices.

4  | DISCUSSION

Environmental testing of poultry premises, which utilize wire caging, after 
an outbreak, whether post-C&D or after a fallow period, is essential to 
promptly verify virus-free status to help release quarantines in a timely 
manner to minimize the economic impact by re-establishing product 

movements and restocking. Premises, including caging, may also be tested 
as an adjunct to infection surveillance and monitoring programmes. Thus, 
establishing a reliable testing method that provides a high level of confi-
dence of virus detection on the infected premises is important.

The type of device and media used for sample collection can in-
fluence the sensitivity and proportion of positive samples of sam-
pling methods (Julian, Tamayo, Leckie, & Boehm, 2011). In this study, 
we simulated an AI-infected poultry house, and three devices and 
four sampling locations in wire cages were directly compared pair-
wise to determine the sensitivity of viral RNA detection. Overall, 
the pre-moistened gauze method performed the best regarding de-
tection sensitivity (i.e. the amount of virus RNA recovered), which 
correlated with producing the highest proportion of positives. 
Importantly, although we used BHI media, numerous other viral 
transport media are available and have been verified to work well 
with viruses, including influenza and NDV.

The high overall sensitivity of the pre-moistened gauze method 
seems likely to be due to the pre-moistening process, in which the 
BHI media may have worked as an eluent that helped detach ad-
hered viruses from the surface, resulting in higher yield. This is 

F I G U R E  1   Detection of virus RNA by collection device. The titre equivalent for each sample is shown; the blue bar shows the mean of 
the titre equivalent. The limit of detection was 0.7log10 50% embryo infectious dose (EID50) equivalents per 25 cm2; therefore, the titre for 
the samples, which were not detected, was set to 0.4log10 EID50 equivalents per 25 cm2 as per the method of Cohen (1959). p-values for 
pairwise comparisons with the Mann–Whitney test are as follows: ns = not significant, * p < .05, ** p < .01, ***p < .001, ****p < .0001
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not surprising as some studies demonstrated that transfer of vi-
ruses from contaminated surfaces was higher under wet condi-
tions (Ansari, Sattar, Springthorpe, Wells, & Tostowaryk, 1988; 
D'Souza et al., 2006; Hall, Douglas Jr, & Geiman, 1980). In contrast, 
pre-moistening can saturate the collection device, which can reduce 
detection, which is why testing-specific conditions are important. 
Foam swab sampling, which was evaluated as a collection method 
due to its wide usage in the field and ease of application, was not as 
efficient as the pre-moistened gauze in yielding virus recovery. One 
of the reasons behind this may be owing to the smaller contact area 
of the tip. Contributions to differences in virus recovery might also 
include the efficiency of the different elution methods between the 
gauze and foam swabs, in which the eluted virus was more readily 
released when they were ‘squeezed out’ of the gauze, compared to 
post-collection dipping and stirring to rinse the swabs.

When comparing viral RNA loads detected at each sampling 
location, higher virus recovery from the cage floor suggests that it 
may be the primary site of deposition/settling of the virus within 
the wire cage. One possibility is that the cage floor is the main site 
of deposition for large airborne virus droplets (Morawska, 2006), 
and especially for viruses shedding from the cloaca through def-
ecation and egg lay. This is not surprising as it has been reported 
in various studies that AIV and NDV are consistently excreted by 
both faecal and respiratory secretions (Kapczynski & King, 2005; 

Lu & Castro, 2004; Miller, King, Afonso, & Suarez, 2007; Okamatsu 
et al., 2007; Swayne, Perdue, Garcia, Rivera-Cruz, & Brugh, 1997), 
in which viral loads were higher in the faeces in some occasions 
(Slemons & Swayne, 1990; Swayne et al., 1997).

One of the goals of this study was to provide data that can be 
utilized to calculate the optimal numbers of samples to collect to 
make the process less laborious and to reduce costs. Sampling mul-
tiple locations with the same collection device was viable and would 
likely help reduce the number of individual samples to save time and 
resources, and yet obtain valid results. The concern with collection 
large sample areas with one device is that the device could saturate 
and re-deposit material back onto the sample surface, which results 
in lower sensitivity.

Although in this study the cage floor seemed to be the primary 
deposition site for viruses, it may not be the same for some strains 
that mainly shed through the respiratory route, as reported in some 
studies (Horimoto et al., 1995; Swayne & Beck, 2005). Also, shed-
ding patterns or routes of AIV and NDV could differ depending 
on the strain and host immune status (Kapczynski & King, 2005; 
Spackman, 2009; Spickler, Trampel, & Roth, 2008). Therefore, a pro-
tocol for sampling multiple locations with one device can efficiently 
accommodate different shedding patterns.

Although most of our samples were positive and the levels of 
virus detected were moderate, wire cages are not expected to be the 
best location to target in most situations. Lopez et al. (2018) reported 
a study where commercial table egg layer cages were tested during 
an outbreak of H5N2 highly pathogenic avian influenza in the United 
States in 2015 had a relatively poor viral RNA detection rate (4 positive 
cages out of 18 samples) versus other locations in the facilities tested. 
The detection rate was likely higher in our study for numerous reasons. 
First, the sample handling methods differed (i.e. Lopez et al., trans-
ported the gauze dry, which has been shown to decrease virus detec-
tion by qRT-PCR and virus isolation (Spackman, Pedersen, McKinley, & 
Gelb, 2013), and a larger volume of medium was used to elute the sam-
ple). The use of experimentally inoculated birds was probably also a 
major contributing factor. Importantly, wire cages are commonly used 
to house poultry worldwide and there are cases where sampling them 
is appropriate even when they may not universally be the best sample 
area (e.g. cages where infected birds were housed).

The cages were sampled without any cleaning treatment for sev-
eral reasons. First, untreated cages may be targeted for testing in 
numerous situations, for example on premises which were allowed 
to lie fallow post-outbreak or with monitoring programmes with 
vaccinated birds. Also, positive samples are needed to compare the 
sample collection devices accurately; cleaning the cages could result 
in too few positive samples for meaningful comparison. The goal was 
to determine the best procedures to detect virus because the collec-
tion devices are the most sensitive and the areas where virus is likely 
to be because it is where the highest concentrations are deposited 
can be targeted, regardless of cleaning procedures. There may also 
be some variation among specific caging and facilities, but virus will 
likely be found where dust, oral secretions and faecal matter can 
settle and accumulate.

F I G U R E  2   Detection of virus RNA by collection location. The 
titre equivalent for each sample is shown; the blue bar shows the 
mean of the titre equivalent. The limit of detection was 0.7log10 
50% embryo infectious dose (EID50) equivalents per 25 cm2; 
therefore, the titre for the samples, which were not detected, was 
set to 0.4log10 EID50 equivalents per 25 cm2 as per the method of 
Cohen (1959). p-values for pairwise comparisons with the Mann–
Whitney test are as follows: **p < .01, ***p < .001
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In this study, we evaluated collection devices combined with 
specific target sampling areas in wire cages to provide a practical 
environmental sampling method to improve viral disease detection 
and define putative virus accumulation sites for efficient testing. For 
this study, we used qRT-PCR for virus detection. In a field situation, 
qRT-PCR can be used to screen samples, but positive samples would 
likely be tested by virus isolation to determine whether the virus 
was viable. Detecting viruses in a post-C&D environment is crucial 
for preventing potential distribution of infectious agents through 
fomites such as contaminated surfaces, as they can be the starting 
point of viral transmission to non-affected neighbouring premises, 
which would be densely populated with susceptible hosts (Boone 
& Gerba, 2007; Springthorpe & Sattar, 1990). Secondary fomite 
transmission between poultry farms is likely attributed to residue vi-
ruses in the environment (Alexander, 1995; Dent et al., 2008; Tiwari 
et al., 2006).
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