JOURNAL OF RESEARCH IN VETERINARY SCIENCES
2024; 4(3): 70-79.
10.5455/JRVS.20241016031259

@ WisdomGale

3 Open Access

ORIGINAL RESEARCH

Evaluation of the 3-minute search and collect Protocol for Dog Ectoparasite Surveys

in the Domestic-Wildlife Interface Area

Ketsarin Kamyingkird"®, Wissanuwat Chimnoi®*, Florian Pioch?, Sonia Dupont?, Areeya Krieng-Udom?,

Anamika Kritiyakan®, Waraporn Pimprapai*, Michel De Garine-Wichatitsky>"

!Department of Parasitology, Faculty of Veterinary Medicine, Kasetsart University, Lad Yao, Chatuchak, Bangkok 10900, Thailand
2EcoleNationaleVétérinaire de Toulouse, Toulouse, France, 31076

3ASTRE, Univ Montpellier, CIRAD, INRA, Montpellier, France, 34398

“Department of Veterinary Public Health, Faculty of Veterinary Medicine, Kasetsart University, Bangkok, Thailand, 10900
SFaculty of Veterinary Technology, Kasetsart University, Bangkok 10900, Thailand, 34398

ARTICLE HISTORY

Received October 16, 2024
Accepted November 23, 2024
Published Online: December

Abstract

Background and Aim: Dog ectoparasites are a major concern regarding the emergence
of several vector-borne zoonotic diseases associated with domestic dogs. Information on

the quantified assessment of ectoparasite collection methods from dogs remains limited.
Therefore, this study aimed to evaluate the effectiveness of the ”3-minute method” for col-
lecting dog ectoparasites in the human and wildlife border interface in Northern Thailand.
Materials and Methods: The ”3-minute method” (TMM) was compared with the bath-
ing-combing method (BCM) in 31 domestic dogs in the domestic-wildlife interface area,
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comprising 4 villages in Nan province, Thailand, from July 2022 to July 2023. All ectopara-
sites were collected, and morphological identification was confirmed. The percentage of
agreement between TMM and BCM was calculated using Kappa. A seasonal comparison
of ectoparasite infestation was conducted using the TMM method.

Results: Comparatively, the diversity of ectoparasites collected by TMM was revealed to
be similar to the BCM method: ticks (Rhipicephalus sanguineus (Ixodida: Ixodidae), Hae-
maphysalis spp. (Ixodida: Ixodidae), Dermacentor spp. (Ixodida: Ixodidae)), fleas (Cten-
ocephalides felis orientis (Siphonaptera: Pulicidae), Ctenocephalides felis (Siphonaptera:
Pulicidae)), and lice (Heterodoxus spp. (Phthiraptera: Boopiidae)). More ectoparasites
were collected by the BCM than by the TMM method. The average efficiency percentages
of TMM and BCM were 12.8% and 87.2%, respectively. The observed percentage agree-
ment between BCM and TMM was very good (K = 0.9) for ticks, good (K = 0.7) for fleas,
and moderate (K = 0.5) for lice. The diversity of ectoparasites in dogs living in the domestic
dogs-wildlife interface area showed that there were 4 species of ectoparasites collected in
the dry season compared to 6 species in the rainy season.

Conclusion: The fast-body search for 3 minutes is a fast, inexpensive, and effective
method for the identification and study of the diversity and abundance of ectoparasites
from owned dogs when compared to bathing and combing methods with Amitraz. This
method can be used as a non-invasive technique to collect ectoparasites from domesti-
cated dogs for further study. Sharing ectoparasites from wildlife to domestic dogs in the
domestic-wildlife interface area has reported.
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INTRODUCTION

Ectoparasite infestations in dogs cause important
vector-borne diseases (VBDs) in the hosts [1]. Stud-
ies in ectoparasite collection have been conducted
for several purposes, such as (1) to identify ecto-
parasites [1-12], and (2) to study the diversity [12],
seasonality [4], and prevalence of ectoparasites
[3-11]. Several ectoparasite collection methods
used as diagnostic approaches for locating ectopar-
asites have been documented, such as skin scrap-
ing, acetate tape impression, coat brushing and
floatation, trichoscopy, and ear swabs. Convenient
methods for the collection of ectoparasites from
dogs have also been used [2,3]. Previous studies in
dogs focused on the investigation of ectoparasite
infestation [4,5], the measurement of ectoparasite
prevalence [3, 6,7,8, 9,10,11], and the study of
ectoparasite diversity [12] as well as the investiga-
tion of vector-borne parasites [13,14,15,16]. The
duration of time for the collection of ectoparasites
usually varied from 5 min [16], 10 min [15], and
20 min, though some did not indicate the time for
collection [6], previously [5,10,11,15]. The World
Association for the Advancement of Veterinary
Parasitology (WAAVP) guideline for evaluating the
efficacy of drugs on ectoparasites is also available
[17]. However, information concerning the time to
assess the ectoparasite collection methods from
dogs remains limited.

A dataset from 2000 to 2019 indicated a posi-
tive correlation between the increasing number of
livestock and the number of outbreaks of human
diseases. It also showed a link between infectious
diseases, biodiversity, and livestock expansion,
which is important for public health and conserva-
tion [18]. A study in Madagascar showed that alarge
portion of parasites was host-specific. However,
some ectoparasite species were shared either by
several endemics or by several introduced species
[19]. The link surveying ectoparasites in domes-
tic animals is one of the useful tools for studying
changing habitats and moving patterns of wildlife
species near rural barrier areas where there are
links between domestic animals, wildlife, and
humans living in zones with potential emerging
diseases. An example of the sharing of ectoparasites
between wildlife and domestic dogs can be seen in
a study that showed ticks found in red foxes (Vulpes
vulpes) were also found in domestic dogs [20]. How-
ever, that study was conducted with ectoparasite
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samples from wildlife carcasses [20]. Therefore,
a fast, convenient, and effective method for sur-
veying ectoparasites in domestic animals living in
this unique area is important. A time-consuming
ectoparasite collection method can be performed
with domestic dogs in the city and urban areas, but
a fast and effective collection method is required
in rural areas where the owner may be busy with
agricultural work and have no time to wait for the
collection of ectoparasite samples from their dogs.
The sharing of ectoparasites between domestic
dogs and wildlife animals has been reported in
the domestic and wildlife border interface area
and known spillover. The spillover of ectoparasites
between domestic and wild animals might intro-
duce pathogens through insect vectors as well as the
restoration of pathogens in wild animals. Domestic
animals and pet dogs interact closely with humans
and may act as reservoir hosts that spread parasites
to wildlife [21]. Global warming has been influenced
by changes in temperature, and the increase of agri-
culture and livestock farming is required to produce
food, requiring the invasion of land use for livestock
and agriculture. It has also increased the chance of
ectoparasite sharing between domestic dogs and
wildlife. Therefore, surveying ectoparasites from
these dog populations in many medical and veter-
inary aspects is important.

This study aims to measure the effectiveness of
the 3-minute search and collect method (TMM) com-
pared with the bathing-combing method (BCM) for
ectoparasite collection, and to study the diversity of
ectoparasites in the domestic dogs-wildlife interface
area. The importance and benefits of this study are
to help the researchers choose a timely and effective
method for ectoparasite collection in dogs.

MATERIALS AND METHODS
Ethics and Form of Consent

This study involved animal restraint for sample
collection, so ethical approval was provided by the
Kasetsart University Institutional Animal Care and
Use Committee (approval number ACKU-VTN-001).
The owners of all dogs in this study were informed
about the procedures and associated risks before
the study was conducted. Dogs were restrained
under the supervision of experienced certified
veterinary staff of Faculty of Veterinary Medicine,
Kasetsart University.
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4 villages
Seanthong
Tha Wang Pha
Nan

Study area

Figure 1. The study area in Tha Wang Pha District, Nan
Province, Thailand, including 4 villages

Study Areas, Animals, and Time of Collection

This study was performed in Saengthong sub-dis-
trict, Tha Wang Pha district, Nan Province, Thai-
land (Figure 1). Thirty-one dogs from four villages
in Saengthong sub-district participated and were
selected for the SEA DOG SEA project included in
this study [22]. The comparison of the "3 minutes
method” (TMM) with the BCM was conducted in
July 2022. The comparison of TMM in different sea-
sons was conducted in January 2023 (dry season)
and July 2023 (rainy season).

Comparison of Two Ectoparasite Collection Methods
TMM

According to the SEA DOG SEA protocol [22], dogs
were restrained by their owners. They were vis-
ually checked, and the operators removed as many
ectoparasites as they could see within 3 minutes.
Ectoparasites were removed by using fingers and
forceps (Figure 2). Collected ectoparasites were
placed in collection bottles (3 mL) containing 95%

1. Voluntary dog with owner

Dog return to
the owner

4

5. Air-dry with towel and dryer

Study design for comparison of ectoparasite collection methods

2. Dog health check

4, Ectoparasite collection using bathing-combing method (BCM)

3. Ectoparasite collection using
the ‘3-minute method’ (TMM)

' 103:0000 '
(- -] .
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Figure 2. Study design and procedure of ectoparasites collection from each voluntary dogs using TMM and BCM methods
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ethanol for preservation before morphological
identification and ectoparasite counting.

BCM

The total ectoparasite burden on each dog was
collected using the BCM method. Briefly, each of 31
dogs were placed in a plastic tub, rinsed with water,
and washed with 250 ppm Amitraz-containing
shampoo while combing and washing with water
to remove all the ectoparasites from the body. Dogs
were air-dried with towels and a hair dryer. The
water residue remaining in the bathtub was filtered
using nylon filters to collect ectoparasites in the
water residue. The nylon filters that may contain
small ectoparasites were immersed into a bottle
with 80% alcohol and used for ectoparasite count-
ing and morphological identification (Figure 2).

Morphological Identification of Ectoparasite

Ectoparasites collected by the TMM and BCM meth-
ods were sorted, counted, and identified under a
stereomicroscope (Olympus, Japan) using the mor-
phological key for ticks, fleas, and lice [23].

Statistical Analysis

Ectoparasite types and numbers collected by two
methods were compared for each dog. The per-
centage of agreement between TMM and BCM was
calculated using the kappa statistic (K), as described
previously [24]. The correlation of TMM and BCM on
ectoparasite diversity (no. of species) was calculated
using RStudio software. Student’s t-test was used,
and results P< 0.05 were considered significant.

RESULTS
Ectoparasites Collected from Two Methods

Number of Ectoparasites Collected

A total of 8,600 parasites were collected from 31
dogs, of which 290 (3.37%) were collected using
the TMM method (Table 1).

Diversity of Ectoparasites

There were a total of 8,600 ectoparasites collected
using both methods, which included 7,303 (84.9%)
lice, 429 (5.00%) fleas, and 868 (10.1%) ticks. Heter-
odoxus spiniger (Phthiraptera:Boopiidae) (Figure 34,
3B) was the only lice species collected in this study.

www.wisdomgale.com/jrvs

Table 1. Diversity of ectoparasites collected from dogs by
TMM and BCM methods in Saengthong village, Tha Wang
Pha District, Nan province, Thailand.

Total number

Ectoparasite species T™MM BCM

(TMM+BCM)

Lice 40 7263 7303
Heterodoxus spiniger 40 7263 7303
Fleas 46 374 429
Ctenocephalides felis orientis 45 363 418
Ctenocephalides felis felis 1 10 11

Ticks 204 664 868
Rhipicephalus sanguineus 204 661 865
Haemaphysalis spp. 0 3 3

Total 290 7210 8600

There were 40 (0.55%) lice, collected by the TMM
method. For fleas, there were a total of 429 (5.00%)
collected, 46 (10.7%) of which were collected by
the TMM method. Among 429 fleas, morphologi-
cal identification revealed that 418 (97.4%) fleas
were Ctenocephalides felis orientis (Siphonapter-
a:Pulicidae) (Figure 3C), and 11 (2.6%) fleas were
Ctenocephalides felis felis (Siphonaptera:Pulicidae)
(Figure 3D). The TMM method was used to collect
45 (97.8%) C. felis orientis and 1 (2.2%) C. felis felis.
Only adult fleas were collected by both the TMM and
BCM methods according to fleas’ life cycle on dogs.

For ticks, there were 868 (10.1%) ticks collected in
total. Among those ticks, there were 204 (23.5%) ticks
collected by TMM, and 664 (76.49%) ticks collected by
BCM for both nymphal and adult stages, respectively.
Morphological identification of ticks revealed that
there were 865 (99.7%) Rhipicephalus sanguineus
(Ixodida: Ixodidae) (Figure 3E, 3F) and 3 (0.3%)
Haemaphysalis spp. (Ixodida: Ixodidae) (Figure 3G)
collected from the dogs in this study. There were 204
(23.5%) R. sanguineus and no Haemaphysalis spp.
ticks collected by the TMM method (Table 1). Only the
BCM method collected 3 Haemaphysalis spp. ticks in
the nymphal stage from 1 dog (Table 1).

Effectiveness Percentages of the TMM and
BCM Methods

The collection of ectoparasites from a total of 32
dogs in July 2022 showed that the effective percent-
ages of the TMM and BCM methods were 12.80%
(0.0%-68.8%) and 87.2% (31.3%-100%), respec-
tively. There were 4, 9, 6, and 10 dogs from villages
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(A) (B)

Adult female of Heterodoxus spiniger Adult male of Heterodoxus spiniger

Ventral view Dorsal view Ventral view Dorsal view
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(D)
Adult male of Ctenocephalides felis felis

Adults of Ctenocephalides felis orientis

o —a |
Adult male
Adult male Adult female
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Adult female of Rhipicephalus sanguineous
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Figure 3. Ectoparasites found in dogs in Saengthong sub-district, Tha Wang Pha district, Nan province, Thailand collected by
the ”3-minute method” (TMM). (A) Adult female of Heterodoxus spiniger, (B) Adult male of Heterodoxus spiniger, (C) Adults
of Ctenocephalide sfelis orientis, (D) Adult male of Ctenocephalides felis felis, (E) Adult male of Rhipicephalus sanguineous, (F)
Adult female of Rhipicephalus sanguineous, (G) Adult male of Haemaphysalis spp., and (H) Nymph stage of Dermacentor spp.
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Table 2. The effectiveness percentage of the TMM and BCM methods concerning the total number of ectoparasites.

Effectiveness percentage

Effectiveness percentage

Villages Number of dogs of TMM (%) (Range) of BCM (%) (Range)

Village 4 7 11.60% (0.2% - 37.9 %) 88.40% (62.1% - 99.8%)
Village 5 9 25.70% (5.6% - 68.8%) 74.30% (31.3% - 94.4%)
Village 6 6 5.00% (0.0% - 10.8%) 95.00% (89.2% - 100.0%)
Village 7 10 9.00% (0.0% - 27.0%) 91.00% (73.0% - 100.0%)
Total 32 12.80% (0.0% - 68.8%) 87.20% (31.3% - 100.0%)

A to D, respectively. Ectoparasite infestation varied
in each dog in this study. Due to the variation of
ectoparasite infestation levels in each dog, TMM
collected from 0 to 32 ectoparasites/dog, while
BCM collected 3-1,891 ectoparasites/dog.

Percentage Agreement between the BCM and TMM
Methods

The observed percentage agreement of BCM and
TMM for collecting all ectoparasites shows the
strength of agreement as very good (K = 0.9355) for
collecting all ectoparasites, as well as good agree-
ment for collecting ticks (K = 0.7419), and moder-
ate agreement for collecting fleas and lice (K = 0.5)
(Table 2). Lower agreement between TMM and
BCM might involve the size and stage of ectopara-
sites, hair color, and thickness of the dog. However,
further analysis and study should be conducted.

Correlation between TMM and BCM on Ectoparasite
Diversity

The average ectoparasite diversity collected from
TMM, BCM, and TMM+BCM methods was 1.484 (min
=0, max = 3), 2.774 (min = 1, max = 4), and 2.839
(min = 1, max = 4), respectively. Correlation between
TMM and BCM was 0.3670 (p = 0.039, t = 2.16, df
= 30), demonstrating a statistically significant mod-
erate correlation between TMM and BCM (Figure
4).While the correlation between BCM and TMM +
BCM methods was 0.9476 (p < 0.05, t = 15.988, df =
29). These results revealed that TMM could collect
fewer ectoparasite species compared to BCM and
BCM+TMM methods. Some ectoparasite species
may be missed using the TMM collection method.

Seasonal Abundance of Ectoparasite in Dogs in
Saengthong Sub-district

Applying TMM for ectoparasite collection from the
same population of dogs in Saengthong sub-district
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during the dry and rainy seasons revealed the diver-
sity of ectoparasite infestation in dogs. There were
4 and 6 species of ectoparasites in the dry and rainy
seasons, respectively. In the dry season, four species
of ectoparasites were collected from dogs, which
included R. sanguineus tick, Haemaphysalis spp. tick,
Heterodoxus spiniger lice, and Ctenocephalides felis
orientis(Figure 34, 3C, 3E, 3F 3G). In the rainy sea-
son, apart from 4 species that were found in the dry
season, two more species of ectoparasites, including
Dermacentor spp. (Ixodida: Ixodidae) (Figure 3H)
tick nymphal stage [14] and C. felisfelis (Figure 3D)
fleas were also collected from the same dog popula-
tion (Figure 3).

Advantages and Disadvantages between TMM and
BCM Methods

The advantages of TMM and BCM methods are
based on the effectiveness percentages and time
consumption. The diversity of ectoparasites col-
lected can be explained as shown in Table 3.

Moderate Correlation = 0.367
r=2.161, df = 30,
P=0.039
s T 1
=
[ :
g .
= ™ 1
= ]
] I
[*] |
o - N
< 1
£ |
£ = - : :
¥
= !
= 1
[=—R— —_—
| |
TMM BCM

Figure 4. Boxplot revealing ectoparasite diversity collected
from the TMM and BCM methods generated by RStudio
software
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Table 3. The observed percentage agreement of BCM and
TMM for collecting of ectoparasites in dogs.

Dy St
All ectoparasites 0.9355 Very good
Ticks 0.7419 Good

Fleas 0.5161 Moderate
Lice 0.5484 Moderate

Table 4. Advantages and disadvantages between TMM and
BCM methods.

Methods Advantages Disadvantages
TMM Fast not suitable for aggressive dogs
Easy some species of ectoparasite
may be missed
BCM large number time consuming
of ectoparasite several steps to be proceed
were collected use of acaricide may not suitable
for environment
DISCUSSION

Ectoparasites such as ticks, fleas, lice, and mites
are commonly found in both domestic and wild
dogs. Some ectoparasites are host-specific but
some are metropolitan species that can be found in
several hosts. For example, cat fleas are incredibly
host-generalist, likely exhibiting a host range that
is among the broadest of all ectoparasites [25]. The
sharing of ectoparasites between hosts such as
domestic dogs and wildlife animals has also been
reported in domestic and wildlife interface areas
[26]. The spillover of parasites at the domestic
animal-wildlife interface is a pervasive threat to
animal health [25,27]. The sharing of emerging
pathogens through insect vectors as well as the
restoration of emerging pathogens in wild ani-
mals is still questionable. Domestic animals, and
pet dogs, are closely associated with humans and
may act as reservoir hosts that spread parasites to
wildlife [21]. Global warming has been influenced
by changing temperatures, increasing agriculture
and livestock farming is required to produce food,
and the invasion of land use for livestock and agri-
culture has increased [28]. For those reasons, the
sharing of land occurs between wildlife habitats
with domestic animals and human activity. It has
also increased the chance of ectoparasite sharing
between domestic dogs and wildlife [28].
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Pet dogs are human-friendly friends, which
might also carry zoonotic pathogens to their human
owners. Ectoparasite sharing between domestic
dogs, wildlife, and human owners also becomes an
interesting issue in the human and wildlife border
interface area to study the possibility of dogs carry-
ing wildlife ectoparasites and transmitting emerg-
ing zoonotic pathogens [25]. Therefore, surveying
ectoparasites from these dog populations in various
medical and veterinary aspects is important.

The ectoparasite collection method for the
evaluation of ectoparasite diversity, prevalence,
and prognosis of virus, bacterial, and protozoan
diseases in dogs can vary depending on the pur-
pose of the study. Some studies have mentioned
how to and how long to collect ectoparasites from
animals. However, there is still no evaluation of the
most effective method for collecting ectoparasites
for diversity study in domesticated dogs. The cur-
rent study was incorporated with the protocol for
ectoparasite collection of the SEA Dog Sea project
[22]. As a result, it was not surprising that TMM
could collect a smaller number of ectoparasites
when compared to BCM. It might collect a lower
number of ectoparasites when compared to longer
searching times such as 5 min, 10 min, or even 15
min, respectively. A comparison of two methods
for ectoparasite collection revealed that using
only three minutes helps to collect ectoparasites
for diversity study in domesticated dogs with
the range of low, medium, and high ectoparasite
densities. Ectoparasite collection was conducted,
and the ratio of male and female ticks in dogs has
been compared in several studies [28]. The rate
of head louse infestation in dogs was compared,
including occurrence, while ectoparasite diversity
[28] and the link between bacterial pathogens
were previously studied [31]. Molecular and sero-
logical detection of pathogens in ticks from dogs
has also actively been studied in many countries
[32,33,34]. However, details concerning the time
of ectoparasite search and collection procedures
have rarely been mentioned in the materials
and methods. The method and time of collection
might be affected by the number of ectoparasites
collected. In Vietnam, ectoparasite collection was
conducted for 10 minutes. There were tick larvae,
nymphs, and adults collected from dogs, similar
to our study, and all stages of ticks were collected
[15]. However, Haemaphysalis ticks were not found
in dogs in Vietnam.
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This study also showed the abundance of R.
sanguineus ticks, as previously published [35,36].
There was also an abundance of Haemaphysalis
spp. (villages 4 and 7) and Dermacentor spp. (vil-
lage 6) nymphal stage collected from dogs in Sae-
ngthong sub-district, Tha Wang Pha district, Nan
province, Thailand. The brown dog tick was the
predominant tick species in Thailand and South-
east Asia, as described previously [36]. The find-
ings of Haemaphysalis spp. and Dermacentor spp.
nymphal stages in domesticated dogs were newly
described in this study. Interestingly, Haemaphysa-
lis spp. and Dermacentor spp. are not usually found
in domesticated dogs in Thailand. Haemaphysalis
ticks were previously found in bears and vegeta-
tion [36,37,38]. It has been carrying Anaplasma
sp- (Rickettsiales:Ehrlichiaceae) and Rickettsia sp.
(Rickettsiales:Rickettsiaceae) in the previous study.
Dermacentor ticks were also previously reported in
dogs, bears, and pig nests [36,37], which have also
carried Rickettsiales pathogens such as Anaplasma
platys (Rickettsiales:Ehrlichiaceae) and Rickettsia
sp- [36,37,39]. The discovery of Haemaphysalis spp.
and Dermacentor spp. ticks in domestic dogs in
this study reveals the possible zoonotic transmis-
sion of Rickettsiales pathogens from wild animals
to domestic dogs as well as from domestic dogs
to human owners [39]. Climate change plays an
important role in the expansion of tick populations
as well as the transmission of tick-borne disease
pathogens (TBPs) to humans and animals world-
wide [41]. In Poland, a temperate zone country
where R. sanguineous ticks are not usually found,
may soon record more frequent infestations with
foreign tick species [41]. Domestic dogs are a
bridge between TBDs and humans as well as their
peri-domestic environment [40]. A study of agri-
culture and hunting dog populations in a Mayan
community in Mexico quickly removed ticks from
hunting domestic dogs (Canis lupus familiaris) using
tweezers, which were used for minimizing pain or
discomfort, immediately after they returned from
hunting, without time indication of tick sample col-
lection [40]. In their study, nymphs and adults were
collected, and their results showed that there were
Ixodes spp. and Amblyomma spp. tick species found
in hunting dogs and R. sanguineous in agriculture
dogs [40], indicating the sharing of tick species
from wildlife with the dogs used for risky activity
like hunting. Interestingly, Rickettsia endosymbiont
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was also detected from both wildlife and domestic
tick species, Ixodes spp. and R. sanguineous, respec-
tively [40].

According to the results of this study, further
research should be focused on rickettsial path-
ogen detection in the uncommon ticks collected
from free-roaming domesticated dogs for more
understanding of the current possible pathogen
abundance in Tha Wang Pha district, Thailand, a
domestic animals-wildlife interface area.

CONCLUSION

The fast-body search for 3 minutes is a fast, inexpen-
sive, and effective method for the identification and
study of the diversity and abundance of ectopara-
site from owned dogs. In this study, the introduced
method was compared to bathing and combing
methods with Amitraz. The fast-body search for 3
minutes method can be used as a non-invasive tech-
nique to collect ectoparasites from domesticated
dogs for further study. Sharing ectoparasites from
wildlife to domestic dogs in the domestic-wildlife
interface area is also reported.
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