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ABBREVIATIONS

16S rRNA: 16S ribosomal ribonucleic acid
APV: avian pox virus

COI: mitochondrial cytochrome ¢ oxidase subunit I
DNA: deoxyribonucleic acid

ER: Erysipelothrix rhusiopathiae

FAdV: fowl adenovirus

ITS: nuclear internal transcribed spacer
LTR: long terminal repeat

MDV: Marek’s disease virus

MS: Mycoplasma synoviae

MG: Mycoplasma gallisepticum

NJ: Neighbor - Joining

ORF: open reading frame

PCR: polymerase chain reaction

PRM: poultry red mite

RE provirus: reticuloendotheliosis provirus
SE: Salmonella enterica

TR2: terminal repeat 2



GENERAL INTRODUCTION

Taxonomy

Dermanyssus gallinae was first described by De Geer in 1778. It is a blood-
feeding arthropod parasite belongs to the subclass Acari, superorder parasitiformes,
order Mesostigmata (Gamasida), in the family Dermanyssidae [15]. It becomes red if it
has recently fed on its host's blood, so it is called poultry red mite (PRM) as a common

name.

Life cycle

D. gallinae progresses through five life stages: egg, larva, protonymph,
deutonymph and adult [31]. PRM eggs are deposited in cracks or crevices in the
poultry house and hatch into larvae in 2 to 3 days. The larvae molt into protonymphs in
1 to 2 days without feeding. The larva has three pairs of legs, but from the protonymph
stage, it has four pairs of legs [15]. The protonymphs have blood meal and then molt
into deutonymphs in another 1 to 2 days. A second blood meal is required for the
deutonymphs to become adults in 2 to 3 days. The whole development takes about a

week under optimal conditions [53].

Behavior and Ecology

D. gallinae feed every 2 to 4 days and usually spend up to an hour on the host.

The mites are rarely seen on the birds because they typically feed at night [53]. Adult



mites spend most of the daytime away from the host and can survive several months
without feeding. During the day, mites can be found in cracks and litter in the poultry
house. D. gallinae can grow at temperatures between 10 and 37°C. Fecundity is

greatest at 30°C [31].

Morphology

Adult D. gallinae is approximately 1.5 mm in length [53]. All other
developmental stages are smaller. The adult mite possesses a prominent dorsal shield.
The shield does not quite extend to the posterior end of the body and its posterior end
is truncated. The hairs on the dorsal shield are smaller than those on the carapace that
surrounds the shield. The mite’s posterior ventral surface has a prominent anal plate.
The anus is located on the posterior aspect of this plate. The mites possess long, whip-

like chelicerae which are slender with small scissor-like parts at the ends [11].

Host range

D. gallinae is a blood-sucking parasite primarily on domestic poultry as well as

in wild birds [15]. The mites normally feed around the breast and legs in poultry,

especially in laying hens. In the absence of an avian host, it occasionally attacks

mammals, such as dogs, cats, rodents, horses and even human [1, 40, 47, 51].

Clinical signs

Infestation with D. gallinae causes feather loss, pain, irritation, decrease in egg



production, and increased pustules scabs and hyperpigmentation. Subsequent serious
infestation with a large number of PRM causes anemia and sometime death [26].
Moreover, insufficient immune-responses against several PRM vaccines and
immunosuppressive effects associate with their infestations are pointed out [21, 22].
Actually, down regulation of Thl and pro-inflammatory cytokines/chemokines were
reported in chickens infested with the mite [1]. In addition, human reactions to PRM
included dermatitis, irritation, pruritus and other skin lesions [2].

D. gallinae is also a potential mechanical vector of several pathogens in poultry
[58], such as Salmonella enterica (SE) [20, 57|, Erysipelothrix rhusiopathiae (ER) [8],
Pasteurella multocida [36] and avian pox virus (APV) [7, 48]. Particularly, D.
gallinae has been shown to take up and transmit Salmonella entertidis between chicken
under experimental conditions, suggesting it is also capable of spreading salmonellosis

under field conditions [57].

Prevention

Prevention of D. gallinae populations in poultry farms is key to ensuring the
welfare of poultry, although eradication of D. gallinae from a poultry house is
extremely difficult [53]. Control measures for PRM have typically relied on acaricides
[9, 16]. However, repeated long-term use of the compounds has resulted in the
development of drug-resistant populations of PRM. Vaccine development for PRM has
been attempted [3, 21, 23] as another way for preventing the mite. However, efficient
vaccine has not been developed yet. To date, beside using acaricides, improving
hygiene practices such as regular poultry house cleaning are generally underestimated

as PRM control measures.



Distribution

D. gallinae is worldwide in its distribution [41]. Especially, D. gallinae is one
of the serious problems as its massive infestation in poultry farms in the North and
South America [15], in Europe such as France, Denmark, Norway, Scotland,
Netherlands, Finland, Belgium [35], Sweden [24], Poland [60] , UK [12, 19], and Italy
[28], and Africa [17, 33]. In Asia, the PRM was reported as one of the common
ectoparasites in poultry farms in Iran [38] and China [59]. In Japan, PRM is also

considered as the most problematic ectoparasite in layer farms [34, 52].

Genetic diversity

Recently, DNA sequences of various genomic regions such as the
mitochondrial cytochrome ¢ oxidase subunit I (COI), nuclear internal transcribed space
(ITS) and 16S rRNA of D. gallinae distributed in different regions or countries were
examined. The nucleotide sequence analysis revealed genetic diversity of the COI gene
at least 4 groups, A, B, C and D. The ITS sequence analysis revealed differences
between PRM in domestic and wild birds [4]. Although PRM is distributed almost
worldwide, molecular studies have so far examined only mite populations in European
countries. Almost no genetic information of the mite is available in other parts of the

world.



Aim of the Dissertation

D. gallinae is distributed worldwide and is reported as a potential vector for
some infectious diseases [58]. This implies that some pathogens may be spread with
the mite in European countries. However, similar phylogenetic studies, which are
essential for understanding the epidemiology of the mite, have not been conducted in
Asian countries. In addition, a comprehensive study of the distribution of avian
pathogens in PRM has not been conducted.

In the present study, the phylogenetic and genetic diversity of mites distributed
in Japan, and genetic relationships with the mites in other countries, were examined.
Furthermore, an attempt was made to detect several avian pathogens in the mite. These
studies will provide epidemiological information that will help to understand the role

of PRM in distribution of avian pathogens.



CHAPTER 1

Molecular epidemiological characterization of

poultry red mite, Dermanyssus gallinae, in Japan



Introduction

Dermanyssus gallinae (De Geer, 1778), order Mesostigmata, Acari, also
known as the PRM is an obligatory blood-sucking parasite of both domestic and wild
birds [15, 42]. In poultry farms, it causes irritation, loss of weight, reduction in egg
production, anemia and death, leading to economic loss in the poultry industry [6].

D. gallinae is distributed throughout the world [41], and their genetic
diversity based on nucleotide sequences has been examined in Europe, the United
States, Brazil and Australia. The genes sequenced include mitochondrial cytochrome
¢ oxidase subunit I (COI) gene [29, 35, 44], 16S rRNA [43, 44], and the nuclear
internal transcribed spacers (ITS) region [4, 28, 35, 37, 44]. These molecular
epidemiological studies revealed intra- and international migration of the mite in
these countries. However such phylogenetic studies have not yet been conducted in
Asian countries including Japan. In this study, the COI, 16S rRNA and ITS
sequences of mite samples collected throughout Japan were analyzed. These
sequences were compared with sequences obtained in other countries to reveal the

genetic diversity of D. gallinae.



Materials and Methods

Dermanyssus gallinae

A total of 239 samples of D. gallinae were collected from 226 chicken farms
from 2005 to 2012 in 40 prefectures in Japan. All samples were fixed in 99.5%

ethanol and stored at room temperature until use.

DNA extraction

DNA was prepared from the whole body of each individual adult mite
obtained from each sample. The mite was homogenized with zirconia beads using
TissueLyser II (Qiagen Inc., Chatsworth, CA, U.S.A.) in 20 u/ of buffer 1 provided
by Ten Minute DNA Release Kit-1 (Jacksun Easy Biotech Inc., NY, U.S.A.) and
DNA samples were prepared according to the manufacturer’s instructions. The DNAs

were stored at -30 °C until use.

Polymerase chain reaction (PCR)

A part of nucleotide sequence of mitochondrial COI gene was amplified by
using the primers forward COl1Fyuwl114 (5'-AGATCTTTAATTGAAGGGGG -3°)
and reverse CO1Ryuwl114 (5'-AAGATCAAAGAATCGGTGG-3") designed in this
study. The amplified fragment corresponded to nucleotide position from 61 to 742 of
COI gene, accession number AM921853. A part of nucleotide sequence of 16S

rRNA gene was amplified by using pair of primers forward Rh16S (5°-



GCTCAATGATTTTTTAAATTGCTG-3") and reverse Rh16S (5°-
CCGGTCTGAACTCAGATCATG-3") [10]. The expected length of PCR product
was 444-bp, corresponds to nucleotide position from 3 to 446 of 16S rRNA gene,
accession number .34326. A part of nucleotide sequence of ITS region including
ITS1, 5.8S rRNA and ITS2 sequences was amplified by using the primers forward
ITS-Fyuw125 (5’-AGTCGTAACAAGGTTTCCG-3) and reverse ITS-Ryuw125 (5'-
TCCTCCGCTTATTGATATGC-3") designed in this study. The expected length of
PCR product was 561-bp, corresponds to nucleotide position from 97 to 657 of ITS
region, accession number GQ129212.

PCR was performed in a volume of 25 u/ containing 12.5 ul of Hot start
GoTaq (Promega, WI, U.S.A.), 1.0 u/ mixture of forward and reverse primers (final
concentration was 0.5 uM each) and 2 u/ of DNA template (for amplification of COI
and ITS) or 1 ul (for amplification of 16S rRNA gene). The PCR for COI gene was
conducted in one cycle of 95°C for 2 min, 40 cycles of 95°C for 20 sec, 55°C for 30
sec, 72°C for 1 min and a final cycle of 72°C for 4 min. The PCR for 16S rRNA was
performed in accordance with the previous study [10]. PCR for ITS was conducted
in one denaturation step at 95°C for 4 min and followed by 40 cycles of 95°C for 30
sec, 56°C for 30 sec and 72°C for 45 sec. The final cycle was 72°C in 7 min. After
the amplification, reaction mixtures were subjected to electrophoresis in 1.2% (w/v)
agarose gels and stained with 0.1% GelRed (Biotium, Inc., Hayward, CA, U.S.A.).
The obtained PCR amplicons were excised and purified by using MinElute Gel

Extraction Kit (Qiagen, Germany) for the nucleotide sequence analysis.
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Nucleotide sequencing

Nucleotide sequences were determined using Applied Biosystems 3130
Genetic Analyzer (Applied Biosystems, Carlsbad, CA, U.S.A.) with the BigDye
Terminator v3.1 Cycle Sequencing Kit (Applied Biosystems, U.S.A.) according to
the manufacturer’s instructions. Nucleotide sequences were assembled and manually
edited by using CodonCode Aligner 3.6.1 (CodonCode, Dedham, MA, U.S.A.). After
elimination of primer sequences from the obtained sequences, the resultant sequences

were analyzed as described below.

Sequence analysis

The determined sequences of COI and 16S rRNA genes were assigned to
their haplotypes. Mites with identical sequences were designated as one haplotype.

For the phylogenetic analysis of COI sequences obtained in this study, 476-bp
covered from the position from 121 to 596 of the sequence accession number
AMO921853 were used because this sequence region is most commonly reported in
the database. In this study, the 926 COI sequences, detected in European countries,
U.S.A., Brazil and Australia, obtained from the database were also used. In the case
of 16S rRNA sequence, 299-bp corresponding to the sequence of D. gallinae
(accession number [.34326) at the position from 103 to 401 was used for the
phylogenetic analysis to reveal the phylogenetic relationship in the world, because
this is the region most frequently reported. In this study, seventeen 16S rRNA

sequences detected in European countries, obtained from the database were used.
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The nucleotide sequences were aligned using ClustalX with default settings
[2]. Subsequently, the phylogenetic trees were constructed by the Neighbor-Joining
(NJ) method [45] with the Kimura two-parameter option. A bootstrap analysis was

done with 1,000 replicates.
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Results

Nucleotide sequence analysis of COI gene

The nucleotide sequences of 643-bp of COI gene of 101 mite samples obtained
in Japan (accession numbers L.C029457-L.C029557) were classified into 28 haplotypes
(Table 1).

In a phylogenetic tree based on the 476-bp COI nucleotide sequence (Fig. 1),
mites from Japan and other countries clustered into 4 haplogroups A, B, C and D as
previously reported [35]. All 28 haplotypes found in Japan clustered in either
haplogroup A or B. These haplotypes diverged into two sub-lineages designated as
sub-haplogroups AJ1 and AJ2, and BJ1 and BJ2, respectively. AJ1 consisted of 14
haplotypes (AJ1.1-AJ1.14), AJ2 consisted of two haplotypes (AJ2.1 and AJ2.2), BJ1
consisted of six haplotypes (BJ1.1-BJ1.6) and BJ2 consisted of six haplotypes
(BJ2.1-BJ2.6). Sample names and sample numbers classified into each haplotype are
shown in Table 1.

The sequences of 14 and 6 haplotypes in AJ1 and BJ2, respectively, were
found only in Japan. Phylogenetic analysis showed that the sequences of haplotypes
in AJ1 and BJ2 were relatively distant from the sequences detected in other countries.
On the other hand, the sequences of haplotypes in AJ2 and BJ1 were closely related
to the sequences previously detected in several European countries (Fig. 1). The
476-bp sequence of haplotype AJ2.1 was identical to the sequence of A12 haplotype
detected in Norway [35]. In addition, the 6 haplotypes in BJ1 were closely related to
11 reported haplotypes, B3 to B13 of haplogroup B [35], and the 476-bp sequences

of haplotypes BJ1.2, BJ1.3 and BJ1.4 were identical to the sequence of haplotype B7
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distributed in Sweden, Netherlands and Poland, and B8 distributed in Scotland [35].

Nucleotide sequence analysis of 16S rRNA

The 397-bp 16S rRNA sequences of the 239 samples (accession numbers
LC029560-LC029798) were determined and were classified into 26 haplotypes
(Table 1). In a phylogenetic tree constructed with the 299-bp of the 397-bp sequence,
which was most commonly deposited in the database, these haplotypes diverged into
two lineages, each having two clades (Fig. 2).

The phylogenetic relationships of 101 mite samples, which were used for
both 16S rRNA and COI analyses, in the 16S rRNA tree were consistent with the
relationships among haplogroups and sub-haplogroups found in the phylogenetic tree
constructed with the COI sequences. Because the same phylogenetic relationships
were found in both trees, the two lineages and four clades observed in the 16S rRNA
phylogenetic tree were designated as haplogroups A and B, and sub-haplogroups AJ1
and AJ2, and BJ1 and BJ2, respectively (Fig. 2), according to the COI tree.

AJl in this tree consisted of 12 haplotypes (AJ1.1 to AJ1.12) and AJ2
consisted of 5 haplotypes (AJ2.1 to AJ2.5). BJ1 consisted of 3 haplotypes (BJ1.1 to
BJ1.3) and BJ2 consisted of 6 haplotypes (BJ2.1 to BJ2.6). Of the 239 sequences
examined, 130 sequences belonged to the haplotype AJ1.1 of 16S rRNA. This
haplotype was the most frequently found in Japan. In the B haplogroup, BJ2.1with
39 sequences and BJ1.1 with 26 sequences were the most common haplotypes.

The haplotypes in AJ2 and BJ1 clustered with the sequences detected in
European countries, respectively (Fig. 2). The 299-bp sequences of haplotypes

AJ2.1, AJ2.4 and AJ2.5 were identical to the sequences detected in France (accession
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number AM921890), Norway (accession number AM921884), Denmark (accession
number AM921887) and Netherlands (accession number FM207492).  The
sequences of haplotypes BJ1.1 and BJ1.2 were identical to the sequences detected in
Norway (accession number AM921883) and Poland (accession number AM921914).
On the other hand, all haplotypes in sub-haplogroup BJ2 were relatively distant from
the sequences reported in European countries. In the case of the haplotypes in sub-
haplogroup AJ1, one sequence obtained from Spain (accession number AM921885)
clustered with AJ1 sub-haplogroup. However, no sequences found in Japan were

identical to this sequence.

Distribution of the sub-haplogroups of the mite in Japan

Geographical distribution of sub-haplogroups determined based on COI and
16S rRNA sequences were examined (Fig. 3). Based on the 16S rRNA sequences,
sub-haplogroup AJ1 was distributed all over Japan (30/40 studied prefectures), while
mites in AJ2 were found only in two marginal prefectures, Hyogo and Okayama.
Mites in BJ1 were found in 14 prefectures located through Japan. Although the
number is relatively restricted, these prefectures were located all over Japan, from
the most northerly prefecture (Hokkaido) to the most southerly prefectures (Saga).
Mites in BJ2 were detected over an area on the west side from Chiba prefecture in

Japan (21/40 studied prefectures).

Nucleotide sequence analysis of the ITS region

Alignment of the 522-bp of ITS region of 33 samples (accession numbers
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LC034921-1.C034953) revealed that there are two sequence types that differ in two
positions corresponding to 199 and 516 of the reported ITS sequence (accession
number GQ129212). Positions 199 and 516 are located in the ITS1 and ITS2 regions,
respectively. Of the 33 samples, 25 samples of both positions at 199 and 516 were C
(type I) and the other 8 samples were T and A (type II), respectively (Table 1). The
type Il sequences obtained from the 8 samples were identical to the sequence of ITS
region of the mites collected in Sweden (accession number GQ12912), Denmark
(accession number AM903303) and Norway (accession number AM931072). On the
other hand, none of the sequences were identical to the type I sequence. However,
two sequences, accession numbers AM903308 (from Italy) and AM930889 (from
France), were identical except for one N (indicating any nucleotide) in each sequence
at a different position.

All mite samples which showed the same ITS sequence were classified into
the same haplotype except for four samples (Table 1). The ITS sequences of two
samples collected in Hokkaido (type I) and Iwate (type II) prefectures are different
but their haplotypes of COI (BJ1.2) and 16S rRNA (BJ1.1) are the same. Similarly,
the ITS sequences of two other samples collected in Chiba prefecture are different

but their 16S rRNA haplotype is BJ2.1 (COI haplotype was not determined).
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Discussion

In this study, D. gallinae were harvested from 40 prefectures all over Japan,
and parts of their COI gene and 16S rRNA sequences were determined. The
sequence analyses revealed that the haplotypes in AJ2 and BJ1 sub-haplogroups in
both the COI and 16S rRNA trees were closely related to the sequences of haplotypes
found in Europe. Although it is unclear which countries were the origins of these
haplotypes, the findings indicate that the mites of these haplotypes distributed in
Japan are genetically related to the mites in European countries. In the case of the
haplotypes in the AJ2 sub-haplogroup, the distribution in Japan was restricted to two
adjacent prefectures. Because the mites can be easily spread with the transportation
of infested chickens or related materials among poultry farms, such a restricted
distribution implies that the haplotypes in AJ2 were recently introduced to Japan.

The sequences of the haplotypes in the AJ1 sub-haplogroup were different
from all of the other sequences and phylogenetically distant from the mites detected
in other countries. In addition, the haplotypes in the AJ1 sub-haplogroup were found
most frequently and were most widely distributed in Japan. These findings imply
that mites with haplotypes in the AJ1 sub-haplogroup are indigenous, and may have
independently evolved in Japan. In the case of the haplotypes in the BJ2 sub-
haplogroup, their sequences were also different from sequences reported in other
countries. However, their distribution, in contrast to the distribution of AJ1, was
restricted to western Japan. Because the mites can be easily spread as mentioned
above, it seems more likely that the haplotypes in BJ2 are not indigenous but were
relatively recently introduced to western Japan from other countries where COI or

16S rRNA sequences of mites have not yet been determined. Of the haplotypes in
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the BJ2 sub-haplogroup, BJ2.1 haplotypes of COI and 16S rRNA were most
frequently detected. This finding implies that the haplotypes of the BJ2 sub-
haplogroup found in this study might have diverged from the BJ2.1 haplotype in
Japan.

Most of the mite samples that had the same ITS sequences were classified
into the same haplotypes. However, the ITS sequences of some samples were
different from each other but their haplotypes were the same. Because both COI and
16S rRNA are mitochondrial genes and the ITS region is a nuclear gene, these
sequences are useful for revealing hybridization histories between different lineages
[41]. The incongruence between the haplotype based on the mitochondrial gene
sequence and the sequence of nuclear genes found in this study suggests that a
hybridization event occurred between different haplotypes of the mites.

This study revealed genetic diversities of D. gallinae distributed in Japan. In
addition, phylogenetic relationships among the mites in Japan and other countries
indicate the possibility of overseas transmission of the mites. However, it should be
noted that nucleotide sequences of D. gallinae have been determined for only a few
areas despite their worldwide distribution. For a comprehensive understanding of
intra- and international migrations of D. gallinae, further sequence analyses of the

mites collected from all over the world are needed.
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Fig. 1. Phylogenetic tree constructed with nucleotide sequences of COI gene using
Neighbour-Joining method. The tree was constructed with 476-bp of COI gene
sequences of D. gallinae in Japan determined in this study and those of other
countries obtained from the database. Haplotypes designated based on the 643-bp of
COI gene of 101 mite samples collected in Japan are shown in boldface. The
haplotypes previously reported [35] in other countries are underlined. Other
sequences obtained from the database are shown with the accession number and the
country where the mites were detected. Bootstrap values more than 700 are shown.
The haplotypes, A, B, C and D, previously reported [35] are indicated with vertical
thick lines. The haplotypes found in Japan clustered in haplogroups A and B. The
haplotypes found in Japan in each haplogroup A and B diverged into two clades
designated as sub-haplogroups AJ1 and AJ2, and BJ1 and BJ2, respectively. These
sub-haplogroups are indicated with thin vertical lines. Sub-haplogroups AJ2 and BJ1
are closely related to the haplotypes found in European countries. However, the
haplotypes in sub-haplogroups AJ1 and BJ2 are relatively distant from the haplotypes

found in other countries.
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Fig. 2. Phylogenetic tree constructed with the nucleotide sequences of 16S rRNA
gene using Neighbor-Joining method. The tree was constructed with 299-bp of 16S
rRNA gene sequences of D. gallinae in Japan determined in this study and those of
other countries obtained from the database. Haplotypes found in Japan were
designated based on the 397-bp of 16S rRNA gene of D. gallinae obtained from 239
samples and are shown in boldface in the tree. Other sequences obtained from the
database are shown with the accession number and the country where the mites were
detected. Bootstrap values more than 600 are shown. The haplotypes found in Japan
clustered in two haplogroups. Subsequently, the haplotypes in each haplogroup
diverged into two lineages designated as sub-haplogroups, AJ1 and AJ2, and BJ1 and
BJ2, respectively. These sub-haplogroups are indicated with the thin vertical lines.
Sub-haplogroups AJ2 and BJ1 are closely related to the sequences found in European
countries. However, the sub-haplogroups AJ1 and BJ2 are relatively distant from the

haplotypes found in other countries.
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Hokkaido (2)

Fig. °3. Geographical distribution of sub-haplogroups of D. gallinae in Japan based
on 16S rRNA sequences. Proportions of 4 sub-haplotypes, AJ1, AJ2, BJ1 and BJ2,
found in 40 prefectures are shown in pie charts on map. The prefecture names are
shown with sample numbers in brackets. The sub-haplogroups AJ1 and BJ1 were
found all over Japan. AJ2 was found only in two adjacent prefectures, Hyogo and

Okayama. BJ2 was mainly distributed in the western area of Chiba prefecture.
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CHAPTER 2

Molecular detection of avian pathogens in poultry
red mite, Dermanyssus gallinae, collected in

chicken farms
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Introduction

Dermanyssus  gallinae (Acari, Mesostigmata, Dermanyssoidea,
Dermanyssidae), poultry red mite (PRM), is an obligatory blood-sucking parasite of
both domestic and wild birds. The mite has been reported to parasitize at least 28
avian species [35] and is considered one of the major problems in poultry farms in
the United States [15], Europe [6] and Japan [34]. The infestation of PRM in poultry
results in stress, decreasing egg production, anemia, and even mortality due to
exsanguination.

PRMs carry and are potential vectors of several pathogens including
Salmonella enterica (SE) [20, 57, Erysipelothrix rhusiopathiae (ER) [8] and avian
pox virus (APV) [7, 48]. The mites can also be sites of Sa/monella Enteritidis
multiplication [57]. However, the prevalence of avian microbial pathogens in PRM
over a wide region has not been studied.

In the present study, to define the role of PRM in transmitting and maintaining
avian pathogens in poultry farms, PRMs were collected from chicken farms throughout
Japan and examined for DNAs of APV, ER and SE. We also examined PRM for the
presence of four other pathogens that are frequently detected in chicken farms but that
so far have not been detected in PRM: Mycoplasma synoviae (MS), Mycoplasma

gallisepticum (MG), fowl Adenovirus (FAdV) and Marek’s disease virus (MDV).
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Materials and Methods

Dermanyssus gallinae

A total of 159 samples (at least 50 for each sample) were obtained from 142
chicken farms in 38 prefectures throughout Japan from 2004 to 2012. In all of the
farms, the chickens appeared healthy. Each sample was stored in 99.5% ethanol at

room temperature until use.

DNA preparation

Mite DNA samples used in this study were obtained from 10 pooled adult
mites. The mites were homogenized with zirconia beads using TissueLyser II
(Qiagen Inc, Chatsworth, CA, U. S. A.) in 20 u/ of buffer 1 provided by a Ten
Minute DNA Release Kit -1 (Jacksun Easy Biotech Inc., U. S. A.), and the DNA
samples were prepared according to the manufacturer’s instructions. When a sample
was found to be positive for one of the seven pathogens, another DNA sample was
prepared as described below to estimate whether the pathogens exist on surface or
internal side of the PRM. Ten mites prepared from the sample that was positive for
any pathogens were washed out before the DNA preparation to remove the
microorganisms on the surface of the mites as previously described [18]. Briefly, ten
mites taken from the 99.5% ethanol were rinsed three times in 500 u/ of sterile
ultrapure water with vigorous shaking. Then the washed mites were used for DNA
preparation. If the PCR using the DNA sample prepared from the washed mites was

positive, it was speculated that the pathogen existed internal side of PRM. DNA
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samples of commercial vaccines were also prepared with the same DNA extraction

kit as a control. The DNA samples prepared were stored at -30°C until use.

PCR for detection of avian pathogens

The DNA samples were screened for seven avian pathogens including ER, MS,
MG, SE, APV, FAdV and MDYV by PCR as described below. The target genes and their
PCR primers are shown in Table 2.

For detection of APV DNA, primers P1x and P2 were used to amplify part of
the 4b core protein gene [25]. Primer P1x was designed based on the sequence of
primer P1 [25] by adding one more T nucleotide to the 5’ end to improve the
sensitivity (our unpublished data). If the gene coding for the 4b core protein was
detected, the viral DNA was further examined to determine whether it was derived
from the wild type APV or commercial vaccine strain. Because the wild type APV
genome includes an intact reticuloendotheliosis (RE) provirus and the genome of the
vaccine virus includes only the truncated LTR sequence of RE provirus [14], to detect
the insertion of intact RE provirus sequence in APV genome, PCR using heterologous
primer set that anneal to env gene of RE provirus (REVenv7F primer) [14] and FPV
ORF 203 (FPV203 3R primer) [14] was conducted as semi-nested first PCR. When
this PCR was negative, semi-nested second PCR using primers REVenv7F and TR2
[49] that anneals to the internal region flanking to FPV203 3R primer annealing site
was conducted. When the first or second PCRs were positive, we concluded that intact
RE provirus insertion, that was specifically found in wild type APV, was positive. Each

primer sequence, target genes and expected length of the PCR products were shown in
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Table 2. DNAs prepared from the commercial vaccines used in Japan were used as
negative controls for the presence of RE provirus.

Primers MSL1 and MSL2 [30] (Table 2) were used to detect the MS 16S
rRNA sequence. Subsequently, the nucleotide sequences of PCR products were
compared with the sequence derived from the MS-H vaccine strain used in Japan to
differentiate between the MS wild type and the vaccine strain [5].

Primers Mgc2 2F and Mgc2 2R were used to detect the MG mgc2 gene [13].
The obtained nucleotide sequences were used to differentiate MG from 5 commercial
live vaccine strains used in Japan (ts-11, 6/85, MGS, G210 and K5831-B19)
following a previous report [27].

PCRs were performed in a total volume of 25 u/ containing 2 u/ of DNA
template (or 0.5 u/ of the first PCR product in semi-nested second PCR) prepared as
described above, 1 ul of forward and reverse primer mixture (final concentration was
0.5 uM each) and 12.5 ul of GoTaq Green Master Mix, 2X (Promega, Madison, W1,
U. S. A)). The PCR conditions for each pair of primers were employed according to
the previous reports listed in Table 2. Amplification products were confirmed by
electrophoresis using 1.2% (w/v) agarose gels, stained with 0.1% Gel Red (Biotium,
Inc., Hayward, CA, U. S. A.) and visualized with a UV transilluminator. To confirm
the specificity of the PCR, nucleotide sequence of the PCR products was determined
by Applied Biosystems 3130 Genetic Analyzer (Applied Biosystems, Carlsbad, CA,
U. S. A) with the BigDye Terminator v3.1 Cycle Sequencing Kit (Applied

Biosystems, Carlsbad, CA, U. S. A.).
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Results

Detection of avian pathogens in D. gallinae

Twenty-five (15.7%) of the 159 DNA samples prepared from the mites
without washing prior to the DNA preparation were positive for a single pathogen,
either APV or MS or MG while the DNAs of ER, SE, FAdV and MDV were not
detected (Table 3). Fifteen of these 25 samples were positive only for APV, 9 samples
and 1 sample were positive only for MS and MG, respectively. In addition, seven
samples (4.4%) without washing were multiple pathogens positive. Of the seven DNA
samples, six were positive for both APV and MS, and another was positive for both
APV and MG. In total, 32 (20.1%) of the 159 DNA samples, 25 for single pathogen
and 7 for multiple pathogens, were positive in PCRs conducted in this study. APV, MS
and MG positive samples were detected from 12, 12 and 2 prefectures, respectively.

Apparent geographical bias was not found in distribution of the positive samples.

Avian pox virus

The APV gene was totally detected in 22 of the 159 PRM DNA samples
(13.8%) prepared from the mites without washing. Furthermore, 4 of the 22 DNA
samples prepared from the mites after washing were also positive for APV. Nineteen
samples positive for APV were also positive in PCR for REV env to FPV ORF 203

region.
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M. synoviae

In total, fifteen of the 159 DNA samples (9.4%) prepared from the mite
without washing were positive for the MS 16S rRNA. In addition, two of the 15
DNA samples prepared from the mite after washing were positive for the rRNA.

Of the fifteen positive samples, seven of these sequences were identical to the
sequence of the vaccine MS-H used in Japan. The eight other sequences differed by
at least 1 nucleotide from the sequence of MS-H vaccine. Two of these 8 sequences
were identical to each other and differed by 2 nucleotides from the MS-H sequence.

These two sequences were detected from different chicken houses in the same farm.

M. gallisepticum

Two of the 159 DNA samples (1.3%) prepared from the unwashed mites
were positive for the MG mgc2 gene (Table 3). However, when the two DNA
samples were prepared from the washed mites, no DNA samples were positive for
the mgc2 gene. Of the two positive DNA samples, one sequence was identical to the
sequence of vaccine strain G210 and the other was identical to the sequence of

vaccine strain K5831-B19.

Detection of multiple pathogens

Of the six samples positive for both APV and MS, 5 samples were positive in

PCR for REV env to FPV ORF 203 region. In addition, MS 16S rRNA sequences

detected from 3 of these 5 samples were different from the sequence of MS-H vaccine.
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In the case of another multiple pathogens positive sample, which was positive for both
APV and MG, PCR for REV env to FPV ORF 203 region was positive and the
sequence of MG mgc?2 gene detected were identical to the sequence of vaccine strain

K5831-B19.
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Discussion

In the present study, APV, MS and MG DNAs were detected in 22, 15 and 2
DNA samples prepared from the unwashed mites, respectively. Of the total, 25 samples
were single pathogen positive and 7 samples were multiple pathogens positive. These
results indicate the possibility that the PRM can transfer APV, MS and MG. In
addition, 4 and 2 of 32 DNA samples prepared from the mites after washing were
positive for APV and MS, respectively. Although the positive number decreased after
washing, APV or MS was detected even after 3 times washing in the mites. Because
the washing step is expected to remove microorganisms on the surface of the mites,
this result implied that PRM can harbor APV and MS both externally and internally.

Of the 22 DNA samples positive for APV, 19 were also positive for REV env to
FPV ORF 203 region. This finding shows that the 19 samples have intact RE provirus
reported as a virulence marker for wild-type APV [50]. In Japan, almost all chickens
are vaccinated for APV infection and only a few outbreaks of avian pox are reported
each year. However, this finding indicates that wild-type APV is latently distributed
even in apparently healthy farms and that PRM may play a role in transmission of the
virus in chicken farms. In fact, outbreaks of avian pox were reported even in
vaccinated chicken flocks in farms where the mites were present [7]. Because PRM
is known as a mechanical vector of APV [48], in addition to vaccination against APV
infection, eradiation of PRM is needed for effective prevention of the disease.

Of the 15 MS 16S rRNA sequences obtained in this study, eight were different
from the MS vaccine sequence, indicating that the MS detected was the wild type (Table
3). This shows that PRM can harbor wild-type MS, which is a possible chicken pathogen.

Although this finding raises the possibility that PRM can transmit MS among chickens,
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further studies such as experimental infection of MS to chicken through a PRM may be
needed to confirm it. Moreover, the finding of two identical wild-type MS sequences in
different chicken houses in the same farm implied that PRM can spread MS among
chicken houses in a farm. To our knowledge, this is the first report to show the presence
of'a mycoplasma in PRM.

Of the six mite samples positive for both APV and MS, three samples were
positive in PCR for REV env to FPV ORF 203 region, and the MS 16S rRNA
sequences detected were different from the sequence of vaccine strain. These results
indicate that both of the APV and MS detected from the 3 samples were wild-type
(Table 3). These findings suggest that the mite can harbor and transmit more than one
avian pathogen in poultry farms. This is the first report to show the presence of
multiple pathogens in PRMs.

In European countries, ER was found in PRM collected from infected farms
[8] and SE was found in mites collected from apparently healthy farms [20]. The
infections of SE and ER among some chickens have been reported in Japan [46, 55].
However, these bacteria were not detected in any of the present mite samples.
Furthermore, although FAdV and MDYV are ubiquitous pathogens in chicken farms
[32, 39], they were not detected in any samples in this study. Although the reason
why these pathogens were not detected in this study was not clear, because the PRM
samples used in this study were stored in ethanol until use, some organisms could be
lysed by ethanol and it may affect the results. Alternatively, PRMs may be rarely
associated with the spread of these pathogens in Japan. To define the actual
distribution of these organisms in PRM, further studies using PRM without fixation

may be needed.
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This study demonstrated that APV, MS and MG including wild type strains
are prevalent in PRMs. Although further studies about the actual transmission
activity of the mites for these pathogens are needed, these findings suggest that PRM
may transfer these pathogens among chickens. The present results suggest that
eradication of PRM will not only reduce the negative effects of blood-sucking but

also decrease the transmission of these pathogens in poultry farms.
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GENERAL CONCLUSIONS

Dermanyssus gallinae is an obligatory blood-sucking ectoparasite as well as a
possible vector of several avian pathogens. Genetic diversity of the mite distributed in
European countries indicated the possibility of internal transmission of the mite
among different countries. Although the mites are distributed throughout the world,
such a phylogenetic study has not been conducted in Asian countries. Moreover, a
comprehensive study about the distribution of avian pathogens in PRM has not been
conducted.

In this thesis, a part of the mitochondrial cytochrome ¢ oxidase subunit I
(COI), 16S rRNA genes and nuclear internal transcribed spacers (ITS) region in 239
mite samples collected from 40 prefectures throughout Japan were sequenced. The
COI and 16S rRNA nucleotide sequences were classified into 28 and 26 haplotypes,
respectively. In phylogenetic analyses, the haplotypes clustered into 2 haplogroups
corresponding to haplogroups A and B, which were previously reported.
Haplogroups A and B were further subdivided into sub-haplogroups AJ1 and AJ2,
and BJ1 and BJ2, respectively. In both trees, the sequences of haplotypes in AJ1 and
BJ2 were relatively distant from those reported in other countries, while some
sequences in AJ2 and BJ1 were identical to those in Europe. In addition, the ITS
sequences were classified into two sequences, and both sequences were closely
related to the sequences found in European countries. These findings indicate a
possibility of international overseas transmission of D. gallinae.

In addition, a total of 159 PRM samples collected between 2004 and 2012 from
142 chicken farms in 38 prefectures in Japan were examined to define the role of PRM

in the prevalence of avian infectious agents. Polymerase chain reactions (PCR) for
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seven pathogens: avian pox virus (APV), Erysipelothrix rhusiopathiae (ER),
Salmonella enterica (SE), Mycoplasma synoviae (MS), Mycoplasma gallisepticum
(MG), fowl Adenovirus (FAdV) and Marek’s disease virus (MDV) were conducted.
APV DNA was detected in 22 samples (13.8%), 19 of which were wild-type APV. 16S
rRNA of MS was detected in 15 samples (9.4%) and the mgc2 gene of MG was
detected in 2 samples (1.3%). The DNAs of ER, SE, FAdV and MDV were not
detected in any samples. The sequences of eight of 15 MS 16S rRNA sequences
detected were different from the vaccine sequence, indicating they were wild-type
strains, while both of the MG mgc2 gene sequences detected were identical to the
vaccine sequences. Of these avian pathogen-positive mite samples, six were positive
for both APV and MS. Three of the 22 APV-positive mite samples remained positive
after being washed, indicating that the mites can harbor the pathogen internally. These
findings indicated that PRM can harbor the wild-type pathogens and might play a role
as a vector in spreading these diseases in farms.

The present results indicate the possibility of overseas transmission of D.
gallinae. In addition, the detection of wild-type APV and MS DNAs in the mites
raises the possibility that PRM contributes to the spread of avian pathogens
worldwide. For a comprehensive understanding of role of D. gallinae in distributing
infectious diseases around the world, further worldwide epidemiological studies will

be needed.

43



ACKNOWLEDGEMENTS

First of all I convey acknowledgement to the Ministry of Education, Sports,
Science and Technology, Japan (MEXT) who granted the scholarship throughout my

study period which made my dream to study in Japan come true.

I offer my sincerest gratitude to my supervisor, Prof. Yamaguchi Tsuyoshi
(Laboratory of Veterinary Hygiene, Department of Veterinary Medicine, Faculty of
Agriculture, Tottori University, Japan). Your guidance, advice, encouragement and
moral support throughout my PhD program have been invaluable and memorable.

My sincere gratitude to you for making my PhD study becomes possible.

I would like to thank my co-supervisor, Dr. Usui Tatsufumi (Laboratory of
Veterinary Hygiene, Department of Veterinary Medicine, Faculty of Agriculture,
Tottori University, Japan) for his valuable advice and encouragement during my PhD

program.

I wish to express my appreciation to Dr. Murano Takako, who is in Chiba
Prefectural Livestock Research Center, for her helpful during the time of sample

collecting.

I would like to thank Prof. Tanaka Tetsuya, Laboratory of Infectious Diseases,

Joint Faculty of Veterinary Medicine, Kagoshima University for his useful

suggestions.

44



I would also thank to Dr. Uno Yukiko and the colleges of Laboratory of
Veterinary Hygiene, Department of Veterinary Medicine, Faculty of Agriculture,

Tottori University, Japan for being so friendly to me.

I gratefully thank the leaders of Vietnam National University of Agriculture
(VNUA), the leaders of Faculty of Veterinary Medicine (FVM) with your kind
permission. [ also acknowledge the members of Department of Microbiology —

Infectious diseases for their support during the time I studied in Japan.

To my husband Truong Ha Thai, I express thank you for your love and
understanding me. You always take good care of me, especially when I was in
hospital. 1 also would like to give my great thanks to my family for their love,

unconditional support and encouragement.

45



6.

REFERENCES

Abdigoudarzi, M., Mirafzali, M. S. and Belgheiszadeh, H. 2014. Human
infestation with Dermanyssus gallinae (Acari: Dermanyssidae) in a family

referred with pruritus and skin lesions. J. Arthropod Borne Dis. 8: 119-123.

Aiyar, A. 2000. The use of CLUSTAL W and CLUSTAL X for multiple

sequence alignment. Methods Mol. Biol. 132:221-241.

Bartley, K., Huntley, J. F., Wright, H. W. Nath, M. and Nisbet, A. J. 2012.
Assessment of cathepsin D and L-like proteinases of poultry red mite,
Dermanyssus gallinae (De Geer), as potential vaccine antigens. Parasitology

139: 755-765.

Brannstrom, S., Morrison, D. A., Mattsson, J. G. and Chirico, J. 2008.
Genetic differences in internal transcribed spacer 1 between Dermanyssus
gallinae from wild birds and domestic chickens. Med. Vet. Entomol. 22: 152-

155.

Buim, M. R., Buzinhani, M., Yamaguti, M., Oliveira, R. C., Mettifogo, E.,

Timenetsky, J. and Ferreira, A. J. 2010. Intraspecific variation in 16S rRNA

gene of Mycoplasma synoviae determined by DNA sequencing. Comp.

Immunol. Microbiol. Infect. Dis. 33: 15-23.

Chauve, C. 1998. The poultry red mite Dermanyssus gallinae (De Geer,

46



10.

11.

1778): current situation and future prospects for control. Vet. Parasitol 79:

239-245.

Chikuba, T., Itou, H., Sakakibara, H. and Inoue, D. 2008. Detection of
fowlpox virus from red mite (Dermanyssus gallinae) at a layer farm occurring

cutaneous fowlpox. J. Jpn. Soc. Poult. Dis. 44: 113-117.

Chirico, J., Eriksson, H., Fossum, O. and Jansson, D. 2003. The poultry red
mite, Dermanyssus gallinae, a potential vector of Erysipelothrix

rhusiopathiae causing erysipelas in hens. Med. Vet. Entomol. 17: 232-234.

Chirico, J. and Tauson, R. 2002. Traps containing acaricides for the control of

Dermanyssus gallinae. Vet. Parasitol. 110: 109-116.

De Rojas, M., Mora, M. D., Ubeda, J. M., Cutillas, C., Navajas, M. and
Guevara, D. C. 2001. Phylogenetic relationships in rhinonyssid mites (Acari:
Rhinonyssidae) based on mitochondrial 16S rDNA sequences. Exp. Appl.

Acarol. 25: 957-967.

Di Palma, A., Giangaspero, A., Cafiero, M. A. and Germinara, G. S. 2012. A
gallery of the key characters to ease identification of Dermanyssus gallinae
(Acari: Gamasida: Dermanyssidae) and allow differentiation from

Ornithonyssus sylviarum (Acari: Gamasida: Macronyssidae).  Parasit.

Vectors 5: 104.

47



12.

13.

14.

15.

16.

17.

18.

Fiddes, M. D., Le Gresley, S., Parsons, D. G., Epe, C., Coles, G. C. and
Stafford, K. A. 2005. Prevalence of the poultry red mite (Dermanyssus

gallinae) in England. Vet. Rec. 157: 233-235.

Garcia, M., Ikuta, N., Levisohn, S. and Kleven, S. H. 2005. Evaluation and
comparison of various PCR methods for detection of Mycoplasma

gallisepticum infection in chickens. Avian Dis. 49: 125-132.

Garcia, M. Narang, N., Reed, W. M. and Fadly, A. M. 2003. Molecular
characterization of reticuloendotheliosis virus insertions in the genome of

field and vaccine strains of fowl poxvirus. Avian Dis. 47: 343-354.

Gary, R. M. and Barry, M. O. 2009. Mites (Acari). pp. 433-492. In: Medical
and Veterinary Entomology, 2nd ed. (Gary, R. M. and Lance, A. D. eds.),

Academic Press, San Diego.

George, D. R., Masic, D., Sparagano, O. A. and Guy, J. H. 2009. Variation in
chemical composition and acaricidal activity against Dermanyssus gallinae of

four eucalyptus essential oils. Exp. Appl. Acarol. 48: 43-50.

Gharbi, M., Sakly, N. and Darghouth, M. A. 2013. Prevalence of

Dermanyssus gallinae (Mesostigmata: Dermanyssidae) in industrial poultry

farms in North-East Tunisia. Parasite 20: 41.

Gurtner, C. S., Lubitz, W. and Rolleke, S. 2003. Application of broad-range

48



19.

20.

21.

22.

23.

16S rRNA PCR amplification and DGGE fingerprinting for detection of tick-

infecting bacteria. J. Microbiol. Methods 52: 251-260.

Guy, J. H., Khajavi, M., Hlalel, M. M. and Sparagano, O. 2004. Red mite
(Dermanyssus gallinae) prevalence in laying units in Northern England. Br.

Poult. Sci. 45 Suppl 1: S15-16.

Hamidi, A., Sherifi, K., Muji, S., Behluli, B., Latifi, F., Robaj, A., Postoli, R.,
Hess, C., Hess, M. and Sparagano, O. 2011. Dermanyssus gallinae in layer

farms in Kosovo: a high risk for Salmonella prevalence. Parasit. Vectors 4:

136.

Harrington, D., Din, H. M., Guy, J., Robinson, K. and Sparagano, O. 2009.
Characterization of the immune response of domestic fowl following
immunization with proteins extracted from Dermanyssus gallinae. Vet.

Parasitol. 160: 285-294.

Harrington, D. W., Robinson, K. and Sparagano, O. A. 2010. Immune
responses of the domestic fowl to Dermanyssus gallinae under laboratory

conditions. Parasitol. Res. 106: 1425-1434.

Harrington, D., Robinson, K., Guy, J. and Sparagano, O. 2010.

Characterization of the immunological response to Dermanyssus gallinae

infestation in domestic fowl. Transbound. Emerg. Dis. 57: 107-110.

49



24.

25.

26.

27.

28.

29.

Hoglund, J., Nordenfors, H. and Uggla, A. 1995. Prevalence of the poultry
red mite, Dermanyssus gallinae, in different types of production systems for

egg layers in Sweden. Poult. Sci. 74: 1793-1798.

Huw Lee, L. and Hwa Lee, K. 1997. Application of the polymerase chain
reaction for the diagnosis of fowl poxvirus infection. J. Virol. Methods 63:

113-119.

Kirkwood, A. C. 1967. Anaemia in poultry infested with the red mite

Dermanyssus gallinae. Vet. Rec. 80: 514-516.

Lysnyansky, 1., Garcia, M. and Levisohn, S. 2005. Use of mgc2-polymerase
chain reaction-restriction fragment length polymorphism for rapid
differentiation between field isolates and vaccine strains of Mycoplasma

gallisepticum in Israel. Avian Dis. 49: 238-245.

Marangi, M., Cantacessi, C., Sparagano, O. A., Camarda, A. and Giangaspero,
A. 2014. Molecular characterization and phylogenetic inferences of
Dermanyssus gallinae isolates in Italy within an European framework. Med.

Vet. Entomol. 28: 447-452.

Marangi, M., de Luna, C. J., Cafiero, M. A., Camarda, A., Le Bouquin, S.,
Huonnic, D., Giangaspero, A. and Sparagano, O. A. 2009. Phylogenetic
relationship between Dermanyssus gallinae populations in European countries

based on mitochondrial COI gene sequences. Exp. Appl. Acarol. 48: 143-155.

50



30.

31.

32.

33.

34.

35.

Marois, C., Dufour-Gesbert, F. and Kempf, I. 2000. Detection of
Mycoplasma synoviae in poultry environment samples by culture and

polymerase chain reaction. Vet. Microbiol. 73: 311-318.

Maurer, V. and Baumgartner, J. 1992. Temperature influence on life table
statistics of the chicken mite Dermanyssus gallinae (Acari: Dermanyssidae).

Exp. Appl. Acarol. 15: 27-40.

McFerran, J. B. and Smyth, J. A. 2000. Avian adenoviruses. Rev. Sci. Tech.

19: 589-601.

Mungube, E. O., Bauni, S. M., Tenhagen, B. A., Wamae, L. W., Nzioka, S.
M., Muhammed, L. and Nginyi, J. M. 2008. Prevalence of parasites of the
local scavenging chickens in a selected semi-arid zone of Eastern Kenya.

Trop. Anim. Health Prod. 40: 101-109.

Murano, T. 2006. Red mite, Dermanyssus gallinae; Ecology and Latest

problems in Japan. J. Jpn. Soc. Poult. Dis. 42: 127-136.

Oines, O. and Brannstrom, S. 2011. Molecular investigations of cytochrome ¢
oxidase subunit I (COI) and the internal transcribed spacer (ITS) in the
poultry red mite, Dermanyssus gallinae, in northern Europe and implications
for its transmission between laying poultry farms. Med. Vet. Entomol. 25:

402-412.

51



36.

37.

38.

39.

40.

41.

Petrov, D. 1975. Study of Dermanyssus gallinae as a carrier of Pasteurella

multocida. Vet. Med. Nauki. 12: 32-36.

Potenza, L., Cafiero, M. A., Camarda, A., La Salandra, G., Cucchiarini, L. and
Dacha, M. 2009. Characterization of Dermanyssus gallinae (Acarina:
Dermanissydae) by sequence analysis of the ribosomal internal transcribed

spacer regions. Vet. Res. Commun. 33: 611-618.

Rahbari, S., Nabian, S. and Ronaghi, H. 2009. Haematophagus mites in

poultry farms of Iran. Iran. J. Arthropod Borne Dis. 3: 18-21.

Raja, A., Dhinakar Raj, G., Bhuvaneswari, P., Balachandran, C. and
Kumanan, K. 2009. Detection of virulent Marek's disease virus in poultry in

India. Acta Virol. 53: 255-260.

Rosen, S., Yeruham, I. and Braverman, Y. 2002. Dermatitis in humans
associated with the mites Pyemotes tritici, Dermanyssus gallinae,
Ornithonyssus bacoti and Androlaelaps casalis in Israel. Med. Vet. Entomol.

16: 442-444.

Roy, L. and Buronfosse, T. 2011. Using mitochondrial and nuclear sequence

data for disentangling population structure in complex pest species: a case

study with Dermanyssus gallinae. PLoS One 6: €22305.

52



42.

43.

44,

45.

46.

47.

48.

Roy, L. and Chauve, C. M. 2007. Historical review of the genus Dermanyssus

Duges, 1834 (Acari: Mesostigmata: Dermanyssidae). Parasite 14: 87-100.

Roy, L., Dowling, A. P., Chauve, C. M. and Buronfosse, T. 2009. Delimiting
species boundaries within Dermanyssus Duges, 1834 (Acari: Dermanyssidae)

using a total evidence approach. Mol. Phylogenet. Evol. 50: 446-470.

Roy, L., Dowling, A. P., Chauve, C. M. and Buronfosse, T. 2010. Diversity of
phylogenetic information according to the locus and the taxonomic level: an

example from a parasitic mesostigmatid mite genus. Int. J. Mol. Sci. 11: 1704-

1734.

Saitou, N. and Nei, M. 1987. The neighbor-joining method: a new method for

reconstructing phylogenetic trees. Mol. Biol. Evol. 4: 406-425.

Sasaki, Y., Murakami, M., Maruyama, N., Tsujiyama, Y., Kusukawa, M.,

Asai, T. and Yamada, Y. 2012. Risk factors for Sal/monella prevalence in

laying-hen farms in Japan. Epidemiol. Infec. 140: 982-990.

Semushkina, T. V. 1960. On mass attacks of ticks Dermanyssus gallinae on

humans. 1960. Med. Parazitol. (Mosk) 29: 104.

Shirinov, F., Ibragimova, A. and Misirov, Z. 1972. Spread of the fowl pox

virus by D. gallinae ticks. Veterinariia 4: 48-49.

53



49.

50.

51.

52.

53.

54.

Singh, P., Schnitzlein, W. M. and Tripathy, D. N. 2003. Reticuloendotheliosis
virus sequences within the genomes of field strains of fowlpox virus display

variability. J. Virol. Methods 77: 5855-5862.

Singh, P., Schnitzlein, W. M. and Tripathy, D. N. 2005. Construction and
characterization of a fowlpox virus field isolate whose genome lacks

reticuloendotheliosis provirus nucleotide sequences. Avian Dis. 49: 401-408.

Skierska, B. 1968. A case of mass invasion of bird-ticks, Dermanyssus
gallinae (Redi, 1674) (Gamasoidea, Dermanyssidae) in humans. Wiad.

Parazytol. 14: 322-326.

Sparagano, O. A, Pavlicevic, A., Murano, T., Camarda, A., Sahibi, H.,
Kilpinen, O., Mul, M., Van Emous, R., Le Bouquin, S., Hoel, K. and Cafiero,
M. A. 2009. Prevalence and key figures for the poultry red mite Dermanyssus

gallinae infections in poultry farm systems. Exp. Appl. Acarol. 48: 3-10.

Sparagano, O. A., George, D. R., Harrington, D. W. and Giangaspero, A.
2014. Significance and control of the poultry red mite, Dermanyssus gallinae.

Annu. Rev. Entomol. 59: 447-466.

Steer, P., Kirkpatrick, N., O'Rourke, D. and Noormohammadi, A. 2009.

Classification of fowl adenovirus serotypes by use of high-resolution melting-

curve analysis of the hexon gene region. J. Clin. Microbiol. 47: 311-321.

54



55.

56.

57.

58.

59.

60.

Takahashi, T., Takagi, M., Yamamoto, K. and Nakamura, M. 2000. A
serological survey on erysipelas in chickens by growth agglutination test. J.

Vet. Med. B Infect. Dis. Vet. Public Health 47: 797-799.

Takeshi, K., Makino, S., Ikeda, T., Takada, N., Nakashiro, A., Nakanishi, K.,
Oguma, K., Katoh, Y., Sunagawa, H. and Ohyama, T. 1999. Direct and rapid
detection by PCR of Erysipelothrix sp. DNAs prepared from bacterial strains

and animal tissues. J. Clin. Microbiol. 37: 4093-4098.

Valiente, M. C., Chauve, C. and Zenner, L. 2007. Experimental infection of
Salmonella Enteritidis by the poultry red mite, Dermanyssus gallinae. Vet.

Parasitol. 146: 329-336.

Valiente. M, C., De Luna, J., Tod, A., Guy, J. H., Sparagano, O. A. and
Zenner, L. 2009. The poultry red mite (Dermanyssus gallinae): a potential

vector of pathogenic agents. Exp. Appl. Acarol. 48: 93-104.

Wang, F. F., Wang, M., Xu, F. R., Liang, D. M. and Pan, B. L. 2010. Survey
of prevalence and control of ectoparasites in caged poultry in China. Jet. Rec.

167: 934-937.

Wojcik, A. R., Grygon-Franckiewicz, B., Zbikowska, E. and Wasielewski, L.

2000. Invasion of Dermanyssus gallinae (De Geer, 1778) in poultry farms in

the Torun region. Wiad. Parazytol. 46: 511-515.

55



61.  Ziemer, S. 2003. Evaluation of the specificity of Salmonella PCR primers

using various intestinal bacterial species. Lett. Appl. Microbiol. 37: 463-469.

56



ABSTRACT

Dermanyssus gallinae, poultry red mite (PRM), was first described by De Geer
in 1778. It is a blood-feeding arthropod parasite belonging to the subclass Acari,
superorder parasitiformes, order Mesostigmata (Gamasida), in the family
Dermanyssidae. PRM is distributed throughout the world including Europe, Africa,
North and South America, Australia and Asia including Japan. It is a significant pest
to laying hens. It is less than 1.5mm in length and can rapidly propagate in poultry
houses. It causes a decline in egg quality and egg production, anemia and even death.
It is also a potential vector of infectious diseases. Phylogenetic analyses of European
PRMs suggest that they are transmitted among different countries, raising the
possibility that some pathogens may be spread with them. Similar phylogenetic
studies, which are essential for epidemiological studies, have not been conducted in
Asian countries. In addition, a comprehensive study of the distribution of avian
pathogens in PRM has not been conducted. In the present study, the phylogenetic
and genetic diversity of mites distributed in Japan and other countries were examined.
Furthermore, detection of several avian pathogens from the mite was attempted to
assess the risk of transmission of infectious diseases by the mites.

To define the genetic diversities of the mite in Japan, 239 mite samples were
collected during 2005 to 2012 from 40 prefectures throughout Japan. The nucleotide
sequences of a part of the mitochondrial cytochrome oxidase subunit I (COI) and16S
rRNA genes and nuclear internal transcribed spacers (ITS) region obtained from
these samples were determined. The COI and 16S rRNA sequences were classified
into 28 and 26 haplotypes, respectively. In phylogenetic trees, the haplotypes
clustered into 2 haplogroups corresponding to haplogroups A and B, which were

previously reported. Haplogroups A and B were further subdivided into sub-
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haplogroups AJ1 and AJ2, and BJ1 and BJ2, respectively. In both trees, the
sequences of haplotypes in AJ1 and BJ2 were relatively distant from those reported
in other countries, while some sequences in AJ2 and BJ1 were identical to those in
Europe. The ITS sequences were classified into two sequences, and both sequences
were closely related to sequences found in European countries. Although the ITS
sequences of some samples were different from each other, their haplotypes were the
same. These results show that D. gallinae in Japan were genetically diverse, and
raise the possibility of overseas transmission of D. gallinae between Europe and
Japan. In addition, detection of different sequences of nuclear ITS region from the
mites classified into same haplotype based on the mitochondrial genes suggests that a
hybridization event occurred between different haplotypes of the mites in Japan.

To define the prevalence of avian infectious agents in the mite, 159 mite
samples collected from 2004 to 2012 from 142 chicken farms in 38 prefectures were
examined. Polymerase chain reactions (PCR) were conducted to check for the
presence of seven pathogens (avian pox virus (APV), Erysipelothrix rhusiopathiae
(ER), Salmonella enterica (SE), Mycoplasma synoviae (MS), Mycoplasma
gallisepticum (MG), fowl Adenovirus (FAdV) and Marek’s disease virus (MDV)).
Because live vaccines against APV, MS and MG were used in Japan, additional PCR
or sequence analyses were done to distinguish wild-type pathogens from the live
vaccines. Of the 159 PRM samples, APV DNA was detected in 22 samples (13.8%),
19 of which were wild-type APV. Furthermore, MS DNA was detected in 15 samples
(9.4%) and the MG DNA was detected in 2 samples (1.3%). Eight of 15 MS 16S
rRNA sequences differed from the vaccine sequence, indicating they were wild-type
strains, while both of the MG gene sequences detected were identical to the vaccine

sequences. Of these avian pathogen-positive mite samples, six were positive for both
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APV and MS. Four of the 22 APV-positive mite samples and 2 of the 15 MS-positive
mite samples remained positive after being washed, indicating that the mites can
harbor the pathogens internally. The DNAs of ER, SE, FAdV and MDV were not
detected in any samples. These findings indicate that D. gallinae in Japan is
contaminated with wild-type APV and MS and might play a role as a vector in
spreading these diseases in farms.

The present results indicate the possibility of overseas transmission of D.
gallinae. In addition, wild-type APV and MS DNAs were detected in the mite in
Japan. Although the infectivities of these pathogens detected in the mites were not
confirmed, these findings imply that PRM contributes to the spread of avian
pathogens worldwide. For a comprehensive understanding about a role of D. gallinae
in distributing infectious diseases around the world, further worldwide

epidemiological studies will be needed.
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