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ABSTRACT. Poultry red mite (PRM, Dermanyssus gallinae) is a blood-sucking ectoparasite as well as a possible vector of several avian 
pathogens. In this study, to define the role of PRM in the prevalence of avian infectious agents, we used polymerase chain reaction (PCR) 
to check for the presence of seven pathogens: Avipox virus (APV), Fowl Adenovirus (FAdV), Marek’s disease virus (MDV), Erysipelothrix 
rhusiopathiae (ER), Salmonella enterica (SE), Mycoplasma synoviae (MS) and Mycoplasma gallisepticum (MG). A total of 159 PRM 
samples collected between 2004 and 2012 from 142 chicken farms in 38 prefectures in Japan were examined. APV DNA was detected in 
22 samples (13.8%), 19 of which were wild-type APV. 16S ribosomal RNA (16S rRNA) of MS was detected in 15 samples (9.4%), and the 
mgc2 gene of MG 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 mgc2 gene sequences detected were identical to the vaccine sequences. Of these avian 
pathogen-positive mite samples, three were positive for both wild-types of APV and MS. On the other hand, the DNAs of ER, SE, FAdV 
and MDV were not detected in any samples. 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.
KEY WORDS: avian pathogens, Dermanyssus gallinae, DNA detection, poultry red mite

doi: 10.1292/jvms.14-0253; J. Vet. Med. Sci. 76(12): 1583–1587, 2014

Dermanyssus gallinae (Acari, Mesostigmata, Derma-
nyssoidea, 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 [15] and is considered one of the major prob-
lems in poultry farms in the United States [7], Europe [2] 
and Japan [14]. The infestation of PRM in poultry results in 
stress, decreasing egg production, anemia and even mortal-
ity due to exsanguination.

PRMs carry and are potential vectors of several pathogens 
including Salmonella enterica (SE) [9, 25], Erysipelothrix 
rhusiopathiae (ER) [4] and Avipox virus (APV) [3, 18]. 
The mites can also be sites of Salmonella Enteritidis mul-
tiplication [24]. 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 trans-
mitting 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 exam-
ined 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), Myco-
plasma gallisepticum (MG), Fowl Adenovirus (FAdV) and 
Marek’s disease virus (MDV).

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 (Qia-
gen Inc., Chatsworth, CA, U.S.A.) in 20 µl of buffer 1 pro-
vided by a Ten Minute DNA Release Kit −1 (Jacksun Easy 
Biotech Inc., New York, NY, 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 microorgan-
isms on the surface of the mites as previously described [8]. 
Briefly, ten mites taken from the 99.5% ethanol were rinsed 
three times in 500 µl of sterile ultrapure water with vigor-
ous shaking. Then, the washed mites were used for DNA 
preparation. If the PCRs using the DNA samples prepared 
from the washed mites were positive, it was speculated that 
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the pathogens existed internal side of PRM. DNA 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 MDV by PCR as described below. 
The target genes and their PCR primers are shown in Table 1.

For detection of APV DNA, primers P1x and P2 were 
used to amplify part of the 4b core protein gene [10]. Primer 
P1x was designed based on the sequence of primer P1 [10] 
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 [6], to de-
tect the insertion of intact RE provirus sequence in APV ge-
nome, PCR using heterologous primer set that anneals to env 
gene of RE provirus (REVenv7F primer) [6] and FPV ORF 
203 (FPV203 3R primer) [6] was conducted as semi-nested 
first PCR. When this PCR was negative, semi-nested second 
PCR using primers REVenv7F and TR2 [19] that anneals to 
the internal region flanking to FPV203 3R primer anneal-
ing 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 are shown in Table 1. DNAs prepared from 
the commercial vaccines used in Japan were used as nega-
tive controls for the presence of RE provirus.

Primers MSL1 and MSL2 [12] (Table 1) 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 vac-
cine strain [1].

Primers Mgc2 2F and Mgc2 2R were used to detect the 
MG mgc2 gene [5]. 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 [11].

PCRs were performed in a total volume of 25 µl contain-
ing 2 µl of DNA template (or 0.5 µl of the first PCR product 
in semi-nested second PCR) prepared as described above, 1 
µl of forward and reverse primer mixture (final concentra-
tion was 0.5 µM each) and 12.5 µl of GoTaq Green Master 
Mix, 2X (Promega, Madison, WI, U.S.A.). The PCR condi-
tions for each pair of primers were employed according to 
the previous reports listed in Table 1. 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).

RESULTS

Twenty-five (15.7%) of the 159 DNA samples prepared 
from the mites without washing prior to the DNA prepara-
tion 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 2). Fifteen of these 25 samples were pos-
itive only for APV, and 9 samples and 1 sample were posi-
tive 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 posi-
tive in PCRs conducted in this study. APV, MS and MG posi-
tive samples were detected from 12, 12 and 2 prefectures, 
respectively. Apparent geographical bias was not found in 
distribution of the positive samples.

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.

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 se-
quences were detected from different chicken houses in the 
same farm.

Two of the 159 DNA samples (1.3%) prepared from the 
unwashed mites were positive for the MG mgc2 gene (Table 
2). 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 that of vaccine strain G210, and 
the other was identical to that of vaccine strain K5831-B19.

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. 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 mgc2 gene detected was identical to that 
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 poultry red mite can transfer APV, MS and MG. In ad-
dition, 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 microor-
ganisms on the surface of the mites, this result implied that 
poultry red mite 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 [20]. 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 la-
tently 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 [3]. Because PRM is known as a mechanical vector 
of APV [18], in addition to vaccination against APV infec-
tion, 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 2). 
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, 
further studies, such as experimental infection of MS to 
chicken through a PRM, may be needed to confirm it. More-
over, 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 re-
sults indicate that both of the APV and MS detected from the 
3 samples were wild-type (Table 2). 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 [4], and SE was found in mites collected 
from apparently healthy farms [9]. The infections of SE 
and ER among some chickens have been reported in Japan 
[17, 22]. However, these bacteria were not detected in any 
of the present mite samples. Furthermore, although FAdV 
and MDV are ubiquitous pathogens in chicken farms [13, 

Table 1. List of primers used for detection of each pathogen

Pathogens Primersa) Primer sequences Target sequences Length of PCR 
products References

Erysipelothrix rhusiopathiae ER1F 5′-gttcatctctctaatgcactac-3′ 23S rRNA 399 bp [23]
ER1R 5′-tgttggactactaatcgtttcg-3′

Mycoplasma gallisepticum Mgc2 2F 5′-cgcaatttggtcctaatccccaac-3′ mgc2 236–302 bp [5]
Mgc2 2R 5′-taaacccacctccagctttatttc-3′

Mycoplasma synoviae MSL1 5′-gagaagcaaaatagtgatatca-3′ 16S rRNA 211 bp [12]
MSL2 5′-cagtcgtctccgaagttaacaa-3′

Salmonella enterica Stn − 101 5′-ctttggtcgtaaaataaggcg-3′ enterotoxin 260 bp [26]
Stn − 111 5′-tgcccaaagcagagagattc-3′
16S F 5′-tgttgtggttaataaccgca-3′ 16S rRNA 574 bp [26]
16S R 5′-cacaaatccatctctgga- 3′

Avipox virus P1x 5′-tcagcaggtgctaaacaaca-3′ 4b core protein 579 bp In this study
P2 5′-cggtagcttaacgccgaata-3′ [10]
REVenv7F 5′-cctgactcgcattatccatgacaa-3′ REV env to FPV ORF203 for 

the semi-nested first PCR
740 bp [6]

FPV203 3R 5′-ttcaaccaccaggctacataaagg-3′
REVenv7F 5′-cctgactcgcattatccatgacaa-3′ REV env to FPV ORF203 for 

the semi-nested second PCR
579 bp [6]

TR2 5′-cacacgaatataccaataagg-3′ [19]
Fowl Adenovirus Hex L1-s 5′-atgggagcSacctaYttcgacat-3′ hexon 590 bp [21]

Hex L1-as 5′- aaattgtcccKRaaNccgatgta-3′
Marek’s disease virus MEQ FP 5′-ggatcgcccaccacgattactacc-3′ meq 400 bp [16]

MEQ RP 5′-actgcctcacacaacctcatctcc-3′

a) Forward and reverse primers.
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16], 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. Alter-
natively, 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.

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.

ACKNOWLEDGMENTS. This work was supported by 
JSPS, KAKENHI Grant Number 23580423. The authors also 
thank the Ministry of Education, Sports, Science and Tech-
nology, Japan (MEXT) for the doctoral scholarship (CTTH).

REFERENCES

 1. Buim, M. R., Buzinhani, M., Yamaguti, M., Oliveira, R. C., Met-
tifogo, 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. [Medline]  [CrossRef]

 2. Chauve, C. 1998. The poultry red mite Dermanyssus gallinae 
(De Geer, 1778): current situation and future prospects for con-
trol. Vet. Parasitol. 79: 239–245. [Medline]  [CrossRef]

 3. Chikuba, T., Itou, H., Sakakibara, H. and Inoue, D. 2008. Detec-
tion of fowlpox virus from red mite (Dermanyssus gallinae) at a 
layer farm occurring cutaneous fowlpox. J. Jpn. Soc. Poult. Dis 
44: 113–117.

 4. 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. [Medline]  [CrossRef]

 5. García, M., Ikuta, N., Levisohn, S. and Kleven, S. H. 2005. 
Evaluation and comparison of various PCR methods for detec-
tion of Mycoplasma gallisepticum infection in chickens. Avian 
Dis. 49: 125–132. [Medline]  [CrossRef]

 6. García, M., Narang, N., Reed, W. M. and Fadly, A. M. 2003. 
Molecular characterization of reticuloendotheliosis virus inser-
tions in the genome of field and vaccine strains of fowl poxvirus. 
Avian Dis. 47: 343–354. [Medline]  [CrossRef]

 7. Gary, R. M. and Barry, M. O.2009. Mites (Acari). pp. 433–492. 

Table 2. Sample numbers and the distribution of the mite samples which showed positive in PCR for detection of avian pathogen DNAs from 
the mite samples without washing

Prefectures Sample 
number

Single pathogen positive Multiple pathogens positive

All negative 
(%)

APVa) MSb) MGc)

Subtotal 
(%)

APV Wild 
& MS Vac 

(%)

APV Wild 
& MS 

Wild (%)

APV Vac 
& MS Vac 

(%)

APV Wild 
& MG Vac 

(%)

Subtotal 
(%)Wild 

(%)
Vacd) 
(%)

Wild 
(%)

Vac 
(%)

Wild 
(%)

Vac 
(%)

Akita 1 1 (100) 0 0 0 0 0 1 (100) 0 0 0 0 0 0
Aomori 2 0 0 1 (50.0) 0 0 0 1 (50.0) 0 0 0 0 0 1 (50.0)
Chiba 44 5 (11.4) 0 1 (2.3) 0 0 1 (2.3) 7 (15.9) 1 (2.3) 0 0 0 1 (2.3) 36 (81.8)
Fukui 2 0 0 0 0 0 0 0 0 1 (50.0) 0 0 1 (50.0) 1 (50.0)
Gunma 6 1 (16.7) 0 0 0 0 0 1 (16.7) 0 0 0 0 0 5 (83.3)
Hokkaido 1 0 0 0 0 0 0 0 0 1 (100) 0 0 1 (100) 0
Hyogo 11 2 (18.2) 0 1 (9.1) 0 0 0 3 (27.3) 0 1 (9.1) 0 0 1 (9.1) 7 (63.6)
Ibaraki 6 1 (16.7) 0 0 0 0 0 1 (16.7) 1 (16.7) 0 0 0 1 (16.7) 4 (66.7)
Iwate 7 0 0 1 (14.3) 0 0 0 1 (14.3) 0 0 0 0 0 6 (85.7)
Kanagawa 3 1 (33.3) 0 1 (33.3) 1 (33.3) 0 0 3 (100) 0 0 0 0 0 0
Mie 12 1 (8.3) 0 0 0 0 0 1 (8.3) 0 0 1 (8.3) 1 (8.3) 2 (16.7) 9 (75.0)
Nagasaki 6 0 1 (16.7) 0 1 (16.7) 0 0 2 (33.3) 0 0 0 0 0 4 (66.7)
Okayama 8 0 1 (12.5) 0 1 (12.5) 0 0 2 (25.0) 0 0 0 0 0 6 (75.0)
Shizuoka 3 1 (33.3) 0 0 0 0 0 1 (33.3) 0 0 0 0 0 2 (66.7)
Tochigi 3 0 0 0 1 (33.3) 0 0 1 (33.3) 0 0 0 0 0 2 (66.7)
Other 23 
prefecturese)

44 0 0 0 0 0 0 0 0 0 0 0 0 44 (100)

Total 159 13 (8.2) 2 (1.3) 5 (3.1) 4 (2.5) 0 1 (0.6) 25 (15.7) 2 (1.3) 3 (1.9) 1 (0.6) 1 (0.6) 7 (4.4) 127 (79.9)

Erysipelothrix rhusiopathiae, Salmonella enterica, Fowl Adenovirus and Marek’s disease virus were not detected. a) If the intact RE provirus integra-
tion was detected, such samples were considered as wild type. If the intact RE provirus integration was not detected, such samples were considered as 
vaccine. b) If 16S rRNA detected was different from the sequence of vaccine used in Japan, such samples were considered as wild type. If 16S rRNA 
detected was identical to the sequence of vaccine used in Japan, such samples were considered as vaccine. c) If mgc2 sequence detected was different 
from the sequence of vaccine used in Japan, such samples were considered as wild type. If mgc2 sequence detected was identical to the sequence of 
vaccine used in Japan, such samples were considered as vaccine. d) Vac: vaccine. e) Other 23 prefectures: Aichi, Ehime, Fukushima, Gifu, Hiroshima, 
Ishikawa, Kagoshima, Kumamoto, Kyoto, Miyagi, Miyazaki, Nara, Niigata, Oita, Saga, Saitama, Tokushima, Tottori, Toyama, Wakayama, Yamagata, 
Yamaguchi and Yamanashi.

http://www.ncbi.nlm.nih.gov/pubmed/18775565?dopt=Abstract
http://dx.doi.org/10.1016/j.cimid.2008.07.005
http://www.ncbi.nlm.nih.gov/pubmed/9823064?dopt=Abstract
http://dx.doi.org/10.1016/S0304-4017(98)00167-8
http://www.ncbi.nlm.nih.gov/pubmed/12823843?dopt=Abstract
http://dx.doi.org/10.1046/j.1365-2915.2003.00428.x
http://www.ncbi.nlm.nih.gov/pubmed/15839425?dopt=Abstract
http://dx.doi.org/10.1637/7261-0812204R1
http://www.ncbi.nlm.nih.gov/pubmed/12887193?dopt=Abstract
http://dx.doi.org/10.1637/0005-2086(2003)047[0343:MCORVI]2.0.CO;2


AVIAN PATHOGENS IN POULTRY RED MITE 1587

In: Medical and Veterinary Entomology, 2nd ed. (Gary, R. M. 
and Lance, A. D. eds.), Academic Press, San Diego.

 8. Schabereiter-Gurtner, C., Lubitz, W. and Rölleke, S. 2003. 
Application of broad-range 16S rRNA PCR amplification and 
DGGE fingerprinting for detection of tick-infecting bacteria. J. 
Microbiol. Methods 52: 251–260. [Medline]  [CrossRef]

 9. 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. [Medline]  
[CrossRef]

 10. Huw Lee, L. and Hwa Lee, K. 1997. Application of the poly-
merase chain reaction for the diagnosis of fowl poxvirus infec-
tion. J. Virol. Methods 63: 113–119. [Medline]  [CrossRef]

 11. Lysnyansky, I., Garcia, M. and Levisohn, S. 2005. Use of mgc2-
polymerase chain reaction-restriction fragment length polymor-
phism for rapid differentiation between field isolates and vaccine 
strains of Mycoplasma gallisepticum in Israel. Avian Dis. 49: 
238–245. [Medline]  [CrossRef]

 12. Marois, C., Dufour-Gesbert, F. and Kempf, I. 2000. Detection of 
Mycoplasma synoviae in poultry environment samples by cul-
ture and polymerase chain reaction. Vet. Microbiol. 73: 311–318. 
[Medline]  [CrossRef]

 13. McFerran, J. B. and Smyth, J. A. 2000. Avian adenoviruses. Rev. 
- Off. Int. Epizoot. 19: 589–601. [Medline]

 14. Murano, T. 2006. Red mite, Dermanyssus gallinae; Ecology and 
Lastest problems in Japan. J. Jpn. Soc. Poult. Dis 42: 127–136.

 15. Oines, O. and Brännström, S. 2011. Molecular investigations 
of cytochrome c oxidase subunit I (COI) and the internal tran-
scribed spacer (ITS) in the poultry red mite, Dermanyssus gal-
linae, in northern Europe and implications for its transmission 
between laying poultry farms. Med. Vet. Entomol. 25: 402–412. 
[Medline]  [CrossRef]

 16. 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. [Medline]  
[CrossRef]

 17. Sasaki, Y., Murakami, M., Maruyama, N., Tsujiyama, Y., Ku-
sukawa, M., Asai, T. and Yamada, Y. 2012. Risk factors for 

Salmonella prevalence in laying-hen farms in Japan. Epidemiol. 
Infect. 140: 982–990. [Medline]  [CrossRef]

 18. Shirinov, F. B., Ibragimova, A. I. and Misirov, Z. G. 1972. 
[Spread of the fowl pox virus by D. gallinae ticks]. Veterinariia 
4: 48–49. [Medline]

 19. Singh, P., Schnitzlein, W. M. and Tripathy, D. N. 2003. Reticulo-
endotheliosis virus sequences within the genomes of field strains 
of fowlpox virus display variability. J. Virol. 77: 5855–5862. 
[Medline]  [CrossRef]

 20. Singh, P., Schnitzlein, W. M. and Tripathy, D. N. 2005. Con-
struction and characterization of a fowlpox virus field isolate 
whose genome lacks reticuloendotheliosis provirus nucleotide 
sequences. Avian Dis. 49: 401–408. [Medline]  [CrossRef]

 21. Steer, P. A., Kirkpatrick, N. C., O’Rourke, D. and Noormoham-
madi, A. H. 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. [Medline]  [CrossRef]

 22. 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. [Medline]  [CrossRef]

 23. Takeshi, K., Makino, S., Ikeda, T., Takada, N., Nakashiro, A., 
Nakanishi, K., Oguma, K., Katoh, Y., Sunagawa, H. and Ohya-
ma, 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. [Medline]

 24. Valiente Moro, C., Chauve, C. and Zenner, L. 2007. Experimen-
tal infection of Salmonella Enteritidis by the poultry red mite, 
Dermanyssus gallinae. Vet. Parasitol. 146: 329–336. [Medline]  
[CrossRef]

 25. Zeman, P., Stika, V., Skalka, B., Bártík, M., Dusbábek, F. and 
Lávicková, M. 1982. Potential role of Dermanyssus gallinae De 
Geer, 1778 in the circulation of the agent of pullurosis-typhus in 
hens. Folia Parasitol. (Praha) 29: 371–374. [Medline]

 26. Ziemer, C. J. and Steadham, S. R. 2003. Evaluation of the 
specificity of Salmonella PCR primers using various intestinal 
bacterial species. Lett. Appl. Microbiol. 37: 463–469. [Medline]  
[CrossRef]

http://www.ncbi.nlm.nih.gov/pubmed/12459246?dopt=Abstract
http://dx.doi.org/10.1016/S0167-7012(02)00186-0
http://www.ncbi.nlm.nih.gov/pubmed/21762497?dopt=Abstract
http://dx.doi.org/10.1186/1756-3305-4-136
http://www.ncbi.nlm.nih.gov/pubmed/9015281?dopt=Abstract
http://dx.doi.org/10.1016/S0166-0934(96)02119-2
http://www.ncbi.nlm.nih.gov/pubmed/16094829?dopt=Abstract
http://dx.doi.org/10.1637/7285-10020R
http://www.ncbi.nlm.nih.gov/pubmed/10781729?dopt=Abstract
http://dx.doi.org/10.1016/S0378-1135(00)00178-4
http://www.ncbi.nlm.nih.gov/pubmed/10935281?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21501200?dopt=Abstract
http://dx.doi.org/10.1111/j.1365-2915.2011.00958.x
http://www.ncbi.nlm.nih.gov/pubmed/19941389?dopt=Abstract
http://dx.doi.org/10.4149/av_2009_04_255
http://www.ncbi.nlm.nih.gov/pubmed/21849097?dopt=Abstract
http://dx.doi.org/10.1017/S0950268811001506
http://www.ncbi.nlm.nih.gov/pubmed/4354415?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12719579?dopt=Abstract
http://dx.doi.org/10.1128/JVI.77.10.5855-5862.2003
http://www.ncbi.nlm.nih.gov/pubmed/16252496?dopt=Abstract
http://dx.doi.org/10.1637/7340-020705R.1
http://www.ncbi.nlm.nih.gov/pubmed/19036935?dopt=Abstract
http://dx.doi.org/10.1128/JCM.01567-08
http://www.ncbi.nlm.nih.gov/pubmed/11204134?dopt=Abstract
http://dx.doi.org/10.1046/j.1439-0450.2000.00417.x
http://www.ncbi.nlm.nih.gov/pubmed/10565937?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17382475?dopt=Abstract
http://dx.doi.org/10.1016/j.vetpar.2007.02.024
http://www.ncbi.nlm.nih.gov/pubmed/7160791?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14633100?dopt=Abstract
http://dx.doi.org/10.1046/j.1472-765X.2003.01430.x

