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The invasion of blood-sucking ectoparasites, especially poultry red mites (Dermanyssus gallinae, 24 

PRMs), northern fowl mites (Ornithonyssus sylviarum, NFMs), and tropical fowl mites 25 

(Ornithonyssus bursa) is a global threat to the poultry industry. Mass infestation by these mites 26 

causes various health problems in chickens, especially laying hens, including anaemia and 27 

hyposthenia, lowered feed conversion, and a decrease in egg quality and production, thereby 28 

resulting in considerable economic losses to the poultry industry [1]. Among these mite species, 29 

PRMs are prevalent worldwide and the most devastating agents for the poultry industry, particularly 30 

in European countries and Asian countries, including Japan [1]. In addition to the direct damage 31 

induced by blood sucking, PRMs can transmit several pathogens including avian influenza virus and 32 

Salmonella gallinarum [2, 3]. Current preventive strategies against PRMs are mainly dependent on 33 

the use of acaricides; however, due to the development of acaricide resistance, controlling PRMs has 34 

become extremely difficult [4]. Therefore, controlling PRMs is crucial for the poultry industry. 35 

Various host responses including haemostasis, complement activation, and inflammatory 36 

responses, are induced in response to infestation with haematophagous ectoparasites, such as 37 

infestations by tick species [5]. Proinflammatory chemokines are secreted to recruit inflammatory 38 

cells to the sites of infestation [6], whereas various immunosuppressants secreted in tick saliva can 39 

suppress the immunity of the host, help to evade its immune and haemostatic responses, and 40 

facilitate the undisturbed blood sucking process [7, 8]. Thus, several reactions, both advantageous 41 



and disadvantageous to haematophagous ectoparasites, are induced in the infested host. 42 

Among the heamatophagous mites on poultry farms, it was previously reported that PRMs 43 

potentially modulate host immunological states [9, 10]; for example, PRM infestations reduce γ-44 

globulin levels in the blood and are correlated with decreased egg production [9]. Another report 45 

indicated that concentrations of corticosterone and β-globulin are significantly elevated in the blood 46 

of PRM-infested hens compared to that in non-infested animals, with the blood levels of 47 

corticosterone negatively correlated with the egg yield [11]. Additionally, several studies 48 

demonstrated that mass infestation by PRMs impairs responses to vaccination and reduces antibody 49 

production [10, 12]. However, studies on the impacts of blood sucking by avian mites on host 50 

physiological states are limited, and host responses against infestation have not been fully 51 

elucidated. Therefore, to shed light on the host reactions against infestation by avian mites in detail, 52 

in the present study, we focused on PRMs that are highly prevalent in Japan, and the gene expression 53 

profile in peripheral blood cells isolated from hens infested with PRMs was evaluated. 54 

To comprehensively investigate the highly expressed genes in peripheral blood cells from hens 55 

infested with PRMs, we first analysed the expression intensities of chicken genes in blood-fed 56 

PRMs, which included the hen blood cells, using RNA-Seq. RNA-Seq was performed using total 57 

RNA isolated from blood-fed PRMs as previously reported [13], and the obtained data were used to 58 

analyse the expression of chicken genes. The obtained reads were mapped to the genome sequence 59 



of the chicken (Gallus gallus, NCBI: txid9031) and expression analysis was performed as previously 60 

described [13]. All procedures were conducted at the Hokkaido System Science Co. (Hokkaido, 61 

Japan). Among the transcripts exhibiting high expression, genes related to haemoglobin synthesis 62 

(haemoglobin subunits; HBA1, HBBA, and HBM) and iron storage (ferritin heavy chain; FTH1) were 63 

identified (Table 1), suggesting the anaemic status of the infested chickens, as previously reported 64 

[11], and compensatory erythropoiesis. Regarding stress responses, the gene encoding the heat-65 

shock-related 70-kDa protein 2 (HSPA2) was also found to be highly expressed (Table 1), which may 66 

reflect the stress induced by PRM infestation [11]. To clarify whether the expression of these genes 67 

was upregulated in response to PRM infestation, the mRNA levels were examined and compared in 68 

blood samples obtained from chickens housed in PRM-contaminated and clean farms. Blood 69 

samples were collected in heparinised tubes from non-infested chickens raised at the Field Science 70 

Center for Northern Biosphere, Hokkaido University (non-infested experimental [NIE] chickens) 71 

and from a PRM-contaminated egg-laying farm in Japan (infested chickens). Blood samples were 72 

transported to the laboratory, and plasma and peripheral blood mononuclear cells (PBMCs) were 73 

isolated within 2 days of blood collection. PBMCs were isolated by density gradient centrifugation 74 

using Percoll solution (GE Healthcare UK Ltd., Little Chalfont, UK). Total RNA was extracted from 75 

isolated PBMCs using TRI reagent (Sigma-Aldrich, St. Louis, MO, USA) according to manufacturer 76 

instructions. The primers used for the analyses are listed in Supplementary table 1, and quantitative 77 



PCR (qPCR) was performed as previously described [14]. β-actin was amplified as an internal 78 

control [14]. The mRNA expression of HBA1 and HBBA was significantly higher in infested 79 

chickens than in NIE chickens. In addition, HSPA2 and FTH1expression in infested chickens tended 80 

to be higher than that in NIE chickens, although no statistical significance was observed (Fig. 1). 81 

These results further indicate that infestation by PRMs induces anaemic and stress responses in 82 

chickens. 83 

Concerning molecules related to host immune reactions, high expression of CCL4, encoding C-C 84 

chemokine ligand 4, which is involved in the recruitment of immune cells including monocytes [15], 85 

and B2M, encoding a light chain of the major histocompatibility complex, β2 microglobulin [16], 86 

was also observed (Table 1). Although the transcripts of other cytokines and chemokines were also 87 

detected, their fragments per kilobase of exon per million reads mapped (FPKM) values were lower 88 

than the limit of quantification (FPKM = 0; Supplementary table 2). Thus, in addition to the 89 

parameters indicating anaemia and stress responses, the expression of CCL4 and B2M among 90 

immune-related molecules seemed to be particularly elevated in the peripheral blood of PRM-91 

infested chickens. 92 

Next, the mRNA and protein levels of CCL4 and B2M were assessed and compared in blood 93 

samples obtained from NIE chickens and infested chickens. qPCR was performed using the primers 94 

listed in Supplementary table 1. The expression of CCL4 in infested chickens was significantly 95 



higher than that in NIE chickens (Fig. 2A), suggesting upregulated CCL4 expression in response to 96 

PRM infestation. Additionally, B2M expression tended to be upregulated in infested chickens, 97 

although no significant differences were observed (Fig. 2A). Next, protein levels of CCL4 and B2M 98 

were assessed. Plasma was isolated by centrifugation from the blood collected from NIE and 99 

infested chickens, and the concentrations of CCL4 and B2M were measured by enzyme-linked 100 

immunosorbent assay (ELISA) using commercial kits, a chicken CCL4 Do-It-Yourself ELISA kit 101 

(Kingfisher Biotech Inc., Saint Paul, MN, USA) and a chicken B2M ELISA kit (LSBio, Seattle, 102 

WA, USA), respectively, according to manufacturer instructions. NIE chickens used in this study 103 

were not vaccinated, whereas chickens from commercial farms were vaccinated to prevent several 104 

infectious diseases (such as Marek’s disease, avian infectious bronchitis, Newcastle disease, 105 

mycoplasmosis, and fowl pox, among others). Therefore, to determine the influence of other 106 

extrinsic factors including vaccination, serum samples were obtained from a PRM-free commercial 107 

egg-laying farm in Japan (non-infested commercial (NIC) chickens) and also subjected to the 108 

analysis. Consistent with the results of gene expression analyses, significantly higher concentrations 109 

of CCL4 and B2M were detected in the plasma of infested chickens than that in NIE and NIC 110 

chickens, with CCL4 being undetectable in NIE chickens (Fig. 2B). These findings confirmed the 111 

increased levels of CCL4 and B2M in peripheral blood from PRM-infested chickens. To further 112 

confirm that PRM infestation upregulates the expressions of CCL4 and B2M, blood samples were 113 



collected from the same flock from another poultry farm in Japan before and after the transfer from 114 

the breeding farm to the production farm, and these samples were designated as b.e. (before 115 

exposure to PRMs) and p.e. (post-exposure to PRMs), respectively, and the concentrations of CCL4 116 

and B2M in the b.e. and p.e. plasma samples were also examined. The concentrations of CCL4 and 117 

B2M were significantly higher in p.e. samples than those in b.e. samples (Fig. 2C). Collectively, 118 

CCL4 and B2M expression seemed to be upregulated by PRM-infestation. 119 

CCL4 is produced by various cell types including epithelial cells, platelets, and lymphocytes, and 120 

recruits immune cells, such as natural killer cells, T cells, and monocytes, to mount the inflammatory 121 

response [13, 14]. B2M, in turn, was reported to act as an initiator of inflammation [17]. Therefore, 122 

our data suggest that blood sucking by PRMs induces an inflammatory response at the sites of 123 

infestation. The upregulation of both CCL4 and B2M might be stimulated by mechanical skin injury 124 

caused by the penetration of the mouthparts of PRMs, as reported in tick infestation [5]. However, 125 

the existence of other ectoparasites, including the NFMs, could induce similar reactions. The PRM-126 

contaminated farm included in this study did not have other haematophagous ectoparasites 127 

detectable by eye, such as ticks or lice, except for small mites. It is noteworthy that among the small 128 

mites present across poultry houses, PRMs are the predominant small mite species prevalent in 129 

Japan; the prevalence of NFMs has also been reported across poultry farms in Japan. Moreover, the 130 

majority of small mites identified herein based cytochrome c oxidase subunit 1 (COX1) gene 131 



sequencing in the contaminated farm were confirmed to be PRMs [18]. Moreover, this study 132 

demonstrated that in chickens from the same flock, plasma CCL4 and B2M concentrations were 133 

higher in samples post-PRM exposure compared to those before exposure, thereby confirming that 134 

RPM infestation could induce the upregulation of CCL4 and B2M in the peripheral blood of infested 135 

chickens. In addition, in the present study, blood samples of infested chickens from a PRM-136 

contaminated farm were collected on a monthly basis for 2 years; this showed that chickens raised at 137 

farms heavily contaminated with PRMs might present with the chronic upregulation of CCL4 and 138 

B2M. 139 

In summary, these RNA-Seq data suggest that PRM infestation induces anaemia, promotes 140 

erythropoiesis, and triggers stress-induced and immune responses in chickens. Among the immune-141 

related molecules, CCL4 and B2M mRNA and protein levels were elevated in PRM-infested 142 

chickens. Thus, our RNA-Seq data could be a clue to understand the molecular mechanisms of 143 

pathogenesis and the modulation of host immunity caused by PRM infestation. However, despite the 144 

higher expression of these mediators of inflammation, infested chickens tested in this study did not 145 

show severe skin lesions or dermatitis. Moreover, PRM-contaminated farms were threatened by 146 

PRMs for more than a 2-year period, implying that PRMs are capable of suppressing the host 147 

inflammatory responses. Several studies demonstrated that haematophagous parasites, including 148 

ticks, secrete various effector molecules in their saliva to modulate the host physiological states, 149 



especially immune responses including inflammation, thereby contributing to the maintenance and 150 

transmission of the pathogen [6, 19]. Therefore, PRMs might also secrete immunosuppressants in 151 

their saliva to maintain undisturbed blood feeding. Further experiments, such as an analysis of 152 

inflammatory responses in skin samples of infested chickens, are required to elucidate the complex 153 

immune reactions in chickens triggered by PRM infestation.  154 



Ethics statement 155 

Blood samples used in this study were collected upon obtaining informed consent from farm owners. 156 

Sample collection was carried out in accordance with the Procedures and Guidelines ruled by the 157 

Ethics Committee of the Faculty of Veterinary Medicine, Hokkaido University. 158 

 159 

Acknowledgements 160 

We acknowledge Mr. Takuma Ariizumi, Dr. Masayoshi Isezaki, Dr. Naoya Maekawa, and Dr. 161 

Tomohiro Okagawa for providing intellectual input. We thank all farmers, Dr. Wataru Hashimoto 162 

(Japan Layer K.K., Gifu, Japan), and Dr. Akio Enya for their assistance with sample collection. We 163 

would also like to thank Editage (www.editage.jp) for their English language-editing services. 164 

 165 

CRediT authorship contribution statement 166 

Sotaro Fujisawa: Methodology, Investigation, Writing - original draft, Funding acquisition. Shiro 167 

Murata: Methodology, Investigation, Writing - review & editing, Resources, Project administration, 168 

Funding acquisition. Takumi Sato: Investigation, Resources, Writing - review & editing. Eiji Oishi: 169 

Investigation, Resources, Writing - review & editing. Akira Taneno: Resources, Writing - review & 170 

editing. Satoru Konnai: Resources, Writing - review & editing. Kazuhiko Ohashi: Resources, 171 

Writing - review & editing, Funding acquisition. 172 



 173 

Declaration of interest 174 

TS, EO, and AT are employed by Vaxxinova Japan K.K, Tokyo, Japan. The other authors have no 175 

conflicts of interest to declare. 176 

 177 

Funding 178 

This research was supported in part by Grants-in-Aid for Scientific Research (grants no. B: 179 

18H02332 and B: 20H03137); a Grant-in-Aid for Challenging Research (Exploratory) (grant no. 180 

20K21357); and a Grant-in-Aid for the Japan Society for the Promotion of Science Research Fellow 181 

(grant no. 20J22235). 182 

 183 

Data availability statement 184 

The data that support the findings of this study are available from the corresponding author upon 185 

reasonable request. 186 

 187 

Appendix A. Supplemental data 188 

The following are the supplemental data to this article: 189 

  190 



References 191 

[1]  O.A.E. Sparagano, J. Ho, Parasitic mite fauna in Asian poultry farming systems. Front Vet Sci. 192 

7 (2020) 400. 193 

[2] D. Sommer, U. Heffels-Redmann, K. Köhler, M. Lierz, E.F. Kaleta, Role of the poultry red mite 194 

(Dermanyssus gallinae) in the transmission of avian influenza A virus. Tierarztliche Praxis Ausgabe 195 

G: Grosstiere - Nutztiere. 44 (2016) 26-33. 196 

[3] N. Pugliese, E. Circella, M. Marino, C. De Virgilio, G. Cocciolo, P. Lozito, M.A. Cafiero, A. 197 

Camarda, Circulation dynamics of Salmonella enterica subsp. enterica ser. Gallinarum biovar 198 

Gallinarum in a poultry farm infested by Dermanyssus gallinae. Med Vet Entomol. 33 (2019) 162–199 

170. 200 

[4] M. Marangi, M.A. Cafiero, G. Capelli, A. Camarda, O.A. Sparagano, A. Giangaspero, Evaluation 201 

of the poultry red mite, Dermanyssus gallinae (Acari: Dermanyssidae) susceptibility to some 202 

acaricides in field populations from Italy. Exp Appl Acarol. 48 (2009) 11–18. 203 

[5] J. Kotál, H. Langhansová, J. Lieskovská, J.F. Andersenc, I.M.B. Francischetti, T. Chavakis, J. 204 

Kopecký, J.H.F. Pedra, M. Kotsyfakis, J. Chmelař, Modulation of host immunity by tick saliva. J 205 

Proteomics. 128 (2015) 58-68. 206 

[6] S. Wikel, Ticks and tick-borne pathogens at the cutaneous interface: host defenses, tick 207 

countermeasures, and a suitable environment for pathogen establishment. Front Microbiol. 4 (2013) 208 



337. 209 

[7] M. Kotsyfakis, S. Karim, J.F. Andersen, T.N. Mather, J.M. Ribeiro, Selective cysteine protease 210 

inhibition contributes to blood-feeding success of the tick Ixodes scapularis. J Biol Chem. 282 211 

(2007) 29256-29263. 212 

[8] Y. Sajiki, S. Konnai, A. Ochi, T. Okagawa, N. Githaka, M. Isezaki, S. Yamada, T. Ito, S. Ando, H. 213 

Kawabata, C. Logullo, I. da Silva Vaz Jr, N. Maekawa, S. Murata, K. Ohashi, Immunosuppressive 214 

effects of sialostatin L1 and L2 isolated from the taiga tick Ixodes persulcatus Schulze. Ticks Tick-215 

Borne Dis. 11 (2020) 101332. 216 

[9] A. Kowalski, R. Sokół, Influence of Dermanyssus gallinae (poultry red mite) invasion on the 217 

plasma levels of corticosterone, catecholamines and proteins in layer hens. Pol J Vet Sci. 12 (2009) 218 

231-235. 219 

[10] L.P. Owen, M.E. Delany, C.C. Cardona, A.A. Bickford, B.A. Mullens, Host inflammatory 220 

response governs fitness in an avian ectoparasite, the northern fowl mite (Ornithonyssus sylviarum). 221 

Int J Parasitol. 39 (2009) 789–799. 222 

[11] R. Sokół, S. Koziatek-Sadłowska, M. Michalczyk, The influence of Dermanyssus gallinae and 223 

different lighting regimens on selected blood proteins, corticosterone levels and egg production in 224 

layer hens. Vet Res Commun. 43 (2019) 31-36. 225 

[12] H.A. Kaoud, A.R. El-Dahshan, Effect of red mite (Dermanyssus gallinae) infestation on the 226 



performance and immune profile in vaccinated broiler breeder flocks. J Am Sci. 6 (2010) 72-78. 227 

[13] S. Fujisawa, S. Murata, M. Isezaki, E. Oishi, A. Taneno, N. Maekawa, T. Okagawa, S. Konnai, 228 

K. Ohashi, Transcriptome dynamics of blood-fed and starved poultry red mites, Dermanyssus 229 

gallinae. Parasitol Int. 78 (2020) 102156. 230 

[14] R. Kano, S. Konnai, M. Onuma, K. Ohashi, Cytokine profiles in chickens infected with virulent 231 

and avirulent Marek's disease viruses: Interferon-gamma is a key factor in the protection of Marek's 232 

disease by vaccination. Microbiol Imunol. 53 (2009) 224-232. 233 

[15] M. Uguccioni, M. D'Apuzzo, M. Loetscher, B. Dewald, M. Baggiolini, Actions of the 234 

chemotactic cytokines MCP-1, MCP-2, MCP-3, RANTES, MIP-1 alpha and MIP-1 beta on human 235 

monocytes. Eur J Immunol. 25 (1995) 64-68. 236 

[16] P.A. Peterson, B.A. Cunningham, I. Berggård, G.M. Edelman, β2-Microglobulin—a free 237 

immunoglobulin domain. Proc Natl Acad Sci U S A. 69 (1972) 1697-1701. 238 

[17] J. Xie, Q. Yi, Beta2-microglobulin as a potential initiator of inflammatory responses. Trends 239 

Immunol. 24 (2003) 228-229. 240 

[18] M. Takehara, S. Murata, K. Katakura, S. Fujisawa, M.M. Hmoon, S.Y. Win, S. Bawm, L.L. 241 

Htun, Y.H. Aung, M.M. Win, M. Isezaki, N. Maekawa, T. Okagawa, S. Konnai, K. Ohashi, 242 

Haematophagous mites on poultry farms in the Republic of the Union of Myanmar. Heliyon, 5 243 

(2019) e01544. 244 



[19] K. Kýcková, J. Kopecký, Effect of tick saliva on mechanisms of innate immune response 245 

against Borrelia afzelii. J Med Entomol. 43 (2006) 1208-1214.  246 



  247 

Table 1. Top 30 chicken-derived transcripts in blood-fed poultry red mites (PRMs). 

Rank Gene ID Gene name FPKM value 

1 HBA1 Haemoglobin subunit alpha 1 6679.91 

2 HBBA Haemoglobin beta, subunit A 2055.28 

3 ATP6 ATP synthase F0 subunit 6 1308.59 

4 COII Cytochrome c oxidase subunit 2 1017.79 

5 GABARAP GABA type A receptor-associated protein 788.364 

6 FTH1 Ferritin heavy chain 1 770.677 

7 CCL4 C-C motif chemokine ligand 4 514.071 

8 ND1 NADH dehydrogenase subunit 1 482.681 

9 COX3 Cytochrome c oxidase subunit 3 441.171 

10 B2M Beta-2-microgloblin 372.985 

11 COX7B Cytochrome c oxidase subunit 7B 341 

12 HBM Haemoglobin subunit alpha-D 332.525 

13 LAMTOR5 Late endosomal/lysosomal adaptor and MAPK and MTOR activator 5 331.576 

14 BF1 MHC class I alpha chain 1 308.629 

15 ITM2B Integral membrane protein 2B 302.773 

16 COX1 Cytochrome c oxidase subunit 1 294.16 

17 C26H6orf106 Uncharacterized 284.683 

18 RHOA RhoA 270.931 

19 PEX16 Peroxisomal membrane protein PEX16 250.568 

20 UBB Polyubiquitin-B 236.877 

21 CHURC1 Protein Churchill 231.939 

22 CTNNBIP1 ICAT domain-containing protein 204.974 

23 NFYB Nuclear transcription factor Y subunit beta 185.559 

24 C1D Nuclear nucleic acid-binding protein C1D 174.626 

25 EIF5 Eukaryotic translation initiation factor 5 159.976 

26 EIF1 Eukaryotic translation initiation factor 1 130.353 

27 WDFY2 WD repeat and FYVE domain-containing protein 2 120.008 

28 KLHL28 Kelch-like protein 28 119.365 

29 LSM14A LSM14A mRNA processing body assembly factor 111.907 

30 HSPA2 Heat shock-related 70-kDa protein 2 107.311 

Spliceosomal and ribosomal RNA genes are not included. 

 



Figure captions 248 

Figure 1. Gene expression of anaemia- and stress-related molecules in poultry red mite (PRM)-249 

non-infested and infested chickens. 250 

The mRNA expression of HBA1, HBBA, FTH1, and HSPA2 in peripheral blood mononuclear cells 251 

collected from non-infested experimental (NIE) chickens raised at a PRM-free farm (n =11) and 252 

infested chickens from a PRM-contaminated commercial laying hen farm (n = 12) were examined by 253 

quantitative real-time polymerase chain reaction. To generate standard curves for quantification, 254 

serial dilutions of the plasmids harbouring the sequences for HBA1, HBBA, FTH1, HSPA2, and β-255 

actin were used. The expression of each target was presented as the ratios obtained by dividing the 256 

concentrations of target mRNA by those of β-actin mRNA. Data are represented as the mean ± 257 

standard error of the mean. Statistical significance was determined by the Mann-Whitney U test. 258 

 259 

Figure 2. CCL4 and B2M levels in poultry red mite (PRM)-non-infested and infested chickens.  260 

(A) The mRNA expression of CCL4 and B2M in peripheral blood mononuclear cells collected from 261 

non-infested experimental (NIE) chickens raised at a PRM-free farm (n = 11) and infested chickens 262 

from a PRM-contaminated commercial laying hen’s farm (n = 16) were examined by quantitative 263 

real-time polymerase chain reaction. To generate standard curves for quantification, serial dilutions 264 

of the plasmids harbouring the sequences for CCL4, B2M, or β-actin were used. CCL4 and B2M 265 



mRNA expression levels were presented as the ratios obtained by dividing the concentrations of 266 

CCL4 or B2M mRNA by those of β-actin mRNA. Data are represented as mean ± standard error of 267 

the mean. Statistical significance was determined by the Mann-Whitney U test. (B) The 268 

concentrations of CCL4 and B2M in the plasma of NIE chickens, non-infested commercial (NIC) 269 

chickens raised at a PRM-free laying hen farm, and infested chickens from a PRM-contaminated 270 

commercial laying hen farm were determined by enzyme-linked immunosorbent assay. CCL4 271 

analysed samples: n = 13, 8, and 14 from NIE, NIC, and infested chickens, respectively. B2M 272 

analysed samples: n = 5, 8, and 9 from NIE, NIC, and infested chickens, respectively. Statistical 273 

differences were determined by Mann-Whitney U test (CCL4) and Steel-Dwass test (B2M). White 274 

circles indicate samples with values lower than the limit of quantification. N.D.: Not detected. (C) 275 

Concentrations of CCL4 and B2M in plasma samples collected from chickens before transfer to 276 

productive farm (before exposure to PRMs, n = 8) and infested chickens after transfer to productive 277 

farm (post-exposure to PRMs, n = 8) were determined by enzyme-linked immunosorbent assay. 278 

Statistical significance was determined by the Mann-Whitney U test. White circles indicate samples 279 

that were lower than the limit of quantification. 280 

 281 
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Highlights 

 Host reactions in peripheral blood to PRM-infestation were analyzed via RNA-seq. 

  Chicken infestation with PRMs might promote erythropoiesis as an anemic response. 

  PRM infestation seemed to induce stress-responses in chickens. 

 The expression of CCL4 and B2M was significantly higher in PRM-infested chickens. 

 We provided a clue to elucidate the complex host responses to PRM infestation. 



Abstract 

Among haematophagous ectoparasites that infest chickens, poultry red mite (Dermanyssus gallinae, 

PRM) is one of the most serious threats to poultry farms. Mass PRM infestation causes various 

health problems in chickens, resulting in significant productivity reduction in the poultry industry. 

Despite the efficiency of acaricides for controlling PRMs, the emergence of acaricide-resistant 

PRMs represents a challenging setback. Infestation with haematophagous ectoparasites, such as 

PRMs, induces inflammatory and haemostatic reactions in the host. Therefore, we aimed to explore 

the gene expression in chicken peripheral blood cells to elucidate host responses against PRM 

infestation in detail. RNA sequencing of blood-fed PRMs was performed, and the levels of the 

chicken-derived transcripts obtained from the ingested blood cells were analysed. Genes encoding 

haemoglobin subunits were found to be significantly more expressed, suggesting that PRM 

infestation causes anaemia in chickens. Additionally, the mRNA and plasma concentrations of C–C 

chemokine ligand 4 and β2 microglobulin among the immune-related molecules were found to be 

significantly higher in PRM-infested chickens compared with non-infested animals. These results 

suggest that PRM infestation induce inflammation in chicken. Further studies are warranted to better 

understand the influence of PRM infestation on the host physiological states, including immunity. 

 

Keywords: chicken, Dermanyssus gallinae, ectoparasite, gene expression, immunity, poultry red mite, 

RNA sequencing. 
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