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RAPID AND EFFECTIVE BIO-DECONTAMINATION OF MILITARY WORKING
DOG SKIN

1. INTRODUCTION

In an address given on 8 February 2008, Gen. David H. Petraeus, the
commanding general of Multi-National Force, Iraqg, said, “The capability that military working
dogs bring to the fight cannot be replicated by man or machine. By all measures of performance,
their yield outperforms any asset we have in our inventory. Our Army would be remiss if we
failed to invest more in this incredibly valuable resource” (Ponga, 2017). Since World War Il,
dogs have been trained for specific jobs in the U.S. armed forces. In this war, the Coast Guard,
Marines, and the Army deployed approximately 20,000 dogs for various functionalities (Gordon,
2009; Lavallée et al., 2020; Perry et al., 2021; Rastogi et al, 2022). Currently, military working
dogs (MWDs) actively serve as an integral asset to Soldiers in the field. They fill roles ranging
from security patrol work to scouting and threat detection. These roles are highly focused on the
canine’s ability to detect targets by smell. Members of the 637th Chemical Company, the 719th
Medical Detachment Veterinary Service Support, and the 386th Expeditionary Security Forces
Squadron came together to conduct a live exercise to train MWDs in the event they were
exposed to a chemical, biological, radiological, and nuclear substance. Since dogs remain close
to ground level, they are at high risk of being exposed to chemical and biological warfare threats.
The daunting challenge of rapid cleanup and decontamination of dog skin by handlers or
decontamination experts is an absolute requirement for continued field operations (Melekwe et
al., 2018; Claudio, 2019; MCTP 10-10F, 2020)

Even though the MWD fur can serve as a barrier to dermal pathogens, long fur
can offer a reservoir for pathogens including common biological warfare (BW) agents, such as
spores of Bacillus anthracis, the causative pathogen for anthrax. Therefore, contaminated MWDs
pose a risk to their handlers by serving as carriers or sources of transmission for biothreat agents.
The current decontamination protocol is focused on full mechanical decontamination; however,
it is water-intensive and generates potentially infectious waste (Gordon, 2009; Perry et al., 2021;
Rastogi et al., 2022). It involves a multi-cycle rinse-wash-rinse method that uses a high volume
of low-pressure water with soap to remove the contaminant; contaminated runoff is drained to
mitigate the risk of infection (MCTP 10-10F, 2020). Washing can push contaminants deeper
through fur onto the skin surface. At the same time, over-washing can compromise the integrity
of the skin barrier through removal of natural skin oils and over-drying (Lavallée et al., 2020;
Perry et al., 2021).

Anthrax, the pathogenic Ames strain of B. anthracis, is a notoriously efficient
spore-forming gram-positive bacterium. The spores are easily aerosolized, persistent, and highly
infectious via inhalation, cutaneous, and gastrointestinal routes of exposure, making it an ideal
BW agent. After the 2001 ‘Amerithrax’ attack, the Centers for Disease Control and Prevention
and U.S. Department of Defense elevated it to a Tier One Select Agent and, to date, this remains
a significant target for biological decontamination efforts. In this study, B. anthracis Sterne
(BaS) was used as a surrogate for the Ames strain to evaluate the efficacy of current
decontamination protocols at neutralizing the risk posed by BW agent (spores) to MWD. Wipes



soaked in Veriox decontaminant (Armis Biopharma; Fort Collins, CO) were included as test
wipes for decontamination of dog skin. The Veriox concentration ranged from 2 to 6%, and
contact time varied from 15 to 60 min.

2. METHOD
2.1 Bacillus Spore Preparation

BasS spores were prepared as described previously (Rastogi et al., 2009). Briefly,
spores were prepared on Lab-Lemko agar plates. Preparations were verified to be >95% spores
and were treated at 65 °C for 30 min to rid the samples of vegetative cells. The stock culture was
enumerated and stored at 4 °C for up to 12 weeks.

Based on the colony-forming units (CFU) on tryptic soy agar (TSA) plates, the
stock titer averaged ~3.6 x 10° CFU/mL. A working stock was prepared by adding 10 ml of
~4.0 x 10° CFU/mL parent stock to 90 mL of 0.01% Tween 80 (Croda; Princeton, NJ); the
working stock was then divided between two tubes so that each had 5 mL of parent stock and
45 mL Tween 80. The working stocks were enumerated separately and were found to have a titer
of ~4.0 x 108 CFU/mL.

2.2 Dog Skin Pieces

Full-thickness cadaver skin tissue substrates (swatches) were collected during
standard postmortem procedures of MWDs following euthanasia for reasons defined in Air Force
Instruction 31-126/Army Regulation 700-81/OPNAVINST 5585.3B/MCO 5585.6. No animals
were euthanized for the purpose of this study, and researchers obtained exempt status from the
governing Institutional Animal Care and Use Committee (IACUC). Skin samples were collected
from six dogs representing the most common MWD breeds. Tissue was collected within 3 h of
euthanasia from the left and right shoulders, lateral flank, and ventral abdomen. The skin from
each region was cut into 1.5 in. strips or 1.5 by 1.5 in. coupons before being wrapped in foil and
stored long-term at —80 °C.

Table 1. Dog Skin Characteristics

Identification Breed Sex Age Hair Coat Coat
(years) Color
1 German Shepherd Male 6 Rough, long Black
2 German Shepherd Male 7 Rough, medium-long | Sable
3 German Shepherd | Female 7 Rough, short Black
4 Belgian Malinois Male 2 Rough Tan
5 Belgian Malinois Male 2 Rough Tan
6 Labrador Retriever | Male 9 Rough Black




For testing, samples were thawed overnight in a 4 °C refrigerator. Thawed
samples were sprayed with 70% isopropanol to saturation (~5 mL), then left to dry overnight in
the biosafety cabinet. Larger skin samples were then cut down to roughly 1 by 0.5 in. in size
using surgical scissors. After sizing, the length of fur was trimmed down as per experimental
design.

Clean disinfected skin samples were inoculated with a 50 pL aliquot of BaS
spores containing ~1-2 x 107 CFU/mL titer. The aliquot was left to dry in a biosafety level 2
cabinet for 2 h under sterile laminar flow (Figure 1).

2.3 Decontamination Using Veriox Decontaminant

In phase 2, one of the key tasks was to evaluate a novel technology, Veriox, from
Armis Biopharma. A full set of three Veriox solutions (2, 4, and 6%) were evaluated. Control
wipes were soaked with a 0.01% Tween-80 solution. A 50 pL (containing ~7 logs) aliquot of
Sterne strain spore suspension was deposited as microdroplet on each skin piece. Typically, three
replicate skin samples were used for each set. As per standard protocol, sterile wipes were
scrubbed over skin pieces. Finally, polyester wipes soaked in Veriox solution were used as a
novel decontamination wipe. Spores removed mechanically were discarded and not enumerated.
Skin pieces with residual spores were placed in 20 mL of Dey—Engley (D/E) neutralizing broth.
The tubes were vortexed for 2 min and sonicated for 10 min so spores could be recovered from
the skin pieces. After sonication, tubes were vortexed for an additional 2 min, and skin pieces
were removed. The control and test sets were diluted ten-fold in a final volume of 1 mL. A
100 pL aliquot was plated on two TSA plates from appropriate control and test set dilutions. The
plates were incubated for 24 + 2 h at 37 °C. CFU were counted from all plates and recorded.

Figure 1. Dog skin pieces (A and B), and a typical workstation for experimental run (C).
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2.4 Data Handling and Reduction

CFU numbers were multiplied with volume factor (20 mL) and dilution factor to
estimate spore number per sample. Log values were computed from the spore numbers. Average
values and standard deviation were computed. Log reduction was estimated by subtracting the
log spore of the test sample from the control sample.

3. RESULTS

3.1 Log Recovery of Bacillus Spores in Control Sets

Across all tests, the dog skin pieces were inoculated with ~7 log of spores.
Average spore recovery after the skin was wiped down was consistent in all runs, as shown in
Figure 2. A control sample (extracted before the skin was wiped down) was also included. The
titer sample showed ~6.8 log of spores. In extracted post-wiping and control samples, ~6.1 and
6.5 log of spores were recorded, respectively (Figure 2).
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Figure 2. Average spore recovery from skin after wiping down relative to spore titer and spores
extracted from dog skin before wiping down.



3.2 Log Reduction of BaS Spores following Veriox Treatment

After preliminary runs, the effectiveness of wipes soaked in 2, 4, and 6% Veriox
solution for inactivating the spores on dog skin was evaluated. Wipes were scrubbed on skin, and
after a 60 min contact period, spores were extracted from treated dog skin pieces. Log reduction
data are summarized in Figure 3. Results show that all three concentrations were highly effective
in inactivating the spores on dog skin. Log reduction values ranged between 4.8 and 5.2,
suggesting very effective spore kill. To determine how rapidly the 6% Veriox solution was
effective in spore inactivation, spores were extracted from dog skin after 15, 30, and 60 min
exposure periods. The log reduction data are summarized in Figure 4. The data show that 6%
Veriox solution was highly effective within 15 min exposure period. Nearly complete spore
inactivation was observed after the 30 and 60 min exposure periods. Veriox decontaminant,
therefore, appears to be highly effective in spore inactivation on dog skin.

A paired t test was done between data sets for control skin samples, which were
wiped down, and those treated with VVeriox decontaminant. The p value (0.00005) was much less
than the standard significance value of 0.05; therefore, the difference between treated samples
and controls was statistically significant.

EFFICACY OF VERIOX ON SPORE INACTIVATION ON DOG
SKIN
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Figure 3. Average log reduction following 60 min contact with three concentrations of Veriox-
soaked wipes. The t-test analysis between any two groups (2 vs. 4, 2 vs. 6, or 4 vs. 6), indicated
that the data were significantly different, since the p-value was <0.05.



EFFECTIVENESS OF 6% VERIOX AS A FUNCTION OF
EXPOSURE TIME

LOG REDUCTION
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Figure 4. Efficacy of 6% Veriox solution as a function of exposure period.

4. DISCUSSION AND CONCLUSIONS

If BW threat material, such as anthrax spores, is encountered, MWD skin is very
likely to be contaminated. Rapid and effective decontamination of dog skin is highly desirable
not only to contain the spread of hazardous material, but also to minimize the potential for
infection. Current field protocols rely solely on mechanical removal of spores from the surface of
canine skin. Recently, we reported comparison of current protocols with improved methods in
spore decontamination on canine tissues (Rastogi et al., 2022). Even though use of Bioxy
solution (Atomes; Quebec, Canada) was found to cause significant spore inactivation, complete
spore inactivation was not achieved with a 5% solution strength.

Bioxy powder is a surface sanitizer that generates peracetic acid and peroxide
when dissolved in water at neutral pH (Rastogi et al., 2017). The key component of Bioxy
powder is sodium carbonate peroxyhydrate. The Veriox solution used in this study contains
peracids and a-keto peracids (Neas, 2018). From a chemical standpoint, the Bioxy and Veriox
decontaminants are similar in their composition. Our results with Veriox decontaminant,
especially the 4 and 6% solutions, indicated that it was highly effective in spore inactivation. The
whole study was performed on skin pieces from cadavers. It remains to be seen whether Veriox
decontaminant causes skin sensitivity when in contact for a period of up to 60 min. If this
technology is to be widely accepted by MWD handlers as the first choice for skin
decontamination, skin sensitivity tests must be performed.

This laboratory-scale study required shaving the hair coat to expose the surface of
the dog's skin in vitro. In practice, shaving a dog for decontamination at this time is not advised
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due to secondary risks of morbidity, and future studies should focus on the efficacy of spore
removal from unadulterated canine hair coats. In conclusion, Veriox decontaminant appears to be
highly effective for inactivating the anthrax surrogate, BaS spores, on dog skin. Even though a
6% Veriox solution with a 60 min contact time was highly effective in complete inactivation of
spores, 30 and 15 min contact times and lower concentrations were also very effective. Future
studies should focus on evaluating skin sensitivity to Veriox decontaminant and assessing other
methods of applying Veriox to dog skin, such as spraying followed by washing with a neutralizer
or water.
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