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Abstract

Blood-feeding ectoparasites constitute a growing burden for human and animal health,
and animal production worldwide. In particular, mites (Acari: Gamasida) of the genera
Dermanyssus (Dermanyssidae) and Ornithonyssus (Macronyssidae) infest birds and cause
gamasoidosis in humans. The tropical fowl mite, Ornithonyssus bursa, is commonly found
in tropical and subtropical countries but rarely reported in Europe. In this research we char-
acterized the first two cases in Spain of clinical gamasoidosis diagnosed in patients infested
with O. bursa, and investigated the IgE, IgM and IgG antibody response to mite proteins
and the carbohydrate Galal-3Galp1-(3)4GlcNAc-R (a-Gal) involved in the tick-bite asso-
ciated alpha-Gal syndrome (AGS). The results suggested that O. bursa is establishing
across Mediterranean countries, and may increase the risk for gamasoidosis. The immune
antibody response to mite proteins was higher for IgM and similar for IgE and IgG antibod-
ies between patients and non-allergic control individuals exposed to mite or tick bites. The
anti-a-Gal antibody levels were similar between patients and controls, a result supported
by the absence of this carbohydrate in mites. These results suggested that mite bites do not
correlate with antibody response to acarine proteins or a-Gal, and are not associated with
the AGS.
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Introduction

The main hosts of avian mites (Acari: Gamasida) are various species of wild and domes-
tic birds, and mammals are only accidental hosts (Sikes and Chamberlain 1954; Roy et al.
2010). Differences exist in the ecology and biology of the various mite species, but most of
the cases of avian mites feeding on humans are associated to the disappearing of their avian
host which forces them to seek new meal sources (Regan et al. 1987; Orton et al. 2000).
The poultry red mite, Dermanyssus gallinae (De Geer) (Dermanyssidae), is the most com-
monly reported avian mite which bites humans (George et al. 2015), followed by Orni-
thonyssus species (Macronyssidae) including the northern fowl mite, Ornithonyssus sylvi-
arum (G. Canestrini & Fanzago) and the tropical fowl mite, Ornithonyssus bursa (Berlese)
(Orton et al. 2000).

The tropical fowl mite is a common blood-sucking ectoparasite of birds that is mostly
distributed across tropical and subtropical countries (Denmark and Cromroy 2003; Oliveira
et al., 2012). It has been reported that O. bursa are unable to feed on humans under labo-
ratory conditions (Sikes and Chamberlain 1954). In Europe, its presence has been only
described on swallows in Denmark (Gjelstrup and Mgller 1986) and on humans in Italy
(Castelli et al. 2015). In tropical and sub-tropical countries, O. bursa is involved in the
development of human gamasoidosis (Fox 1957; Semenas and Rocha 1998; Mentz et al.
2015; Bassini-Silva et al. 2019). Gamasoidosis, also known as avian-mite dermatitis and
acariasis, is a frequently unrecognised ectoparasitosis in human medicine (Orton et al.
2000). Lesions often range from papules to grouped papular urticarial or papulovesicular
eruption (Orton et al. 2000).

The alpha-Gal syndrome (AGS) is an allergic reaction triggered by IgE antibodies
against the carbohydrate Galal-3Galf1-(3)4GIcNAc-R (a-Gal) (van Nunen et al. 2007;
Commins et al. 2009; recently reviewed by de la Fuente et al. 2019). The AGS is associ-
ated to tick bites and the a-Gal modification is present in glycoproteins from ticks and
non-catarrhine mammals (van Nunen et al. 2007; Commins et al. 2009; Cabezas-Cruz et al.
2014, 2018; Steinke et al. 2015; Platts-Mills et al. 2015; Mateos-Hernandez et al. 2017;
Galili 2018; Hilger et al. 2019). Tick bites induce high levels of anti-a-Gal IgE antibodies
in humans that mediate delayed anaphylaxis to red meat consumption, and immediate ana-
phylaxis to tick bites, xenotransplantation and certain drugs such as cetuximab (Mateos-
Hernandez et al. 2017; Hilger et al. 2019). However, the possible involvement of other
blood sucking acarines in the AGS has not been investigated.

In this work we present the first report of gamasoidosis due to O. bursa in two patients
in Spain, and investigated the possible implication of humoral immune response against
mite proteins and a-Gal in clinical gamasoidosis.

Materials and methods

Patients with clinical gamasoidosis and collection of serum samples

An adult male (76 years old) (patient 1) and an adult female (71 years old) (patient 2),
members of the same family, were reported with clinical gamasoidosis in June 2018 in

the city of Jafre (Girona, Spain). Blood samples were collected from patient 1, patient
2, an individual exposed to D. gallinae bites (control 1), and a non-allergic individual
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with record of tick bites (control 2). Serum was collected and conserved at —80 °C until
analyzed. The blood extraction with research purposes was done with the individuals’
informed consent at their respective primary healthcare centres.

Mite collection and identification

Mites were recovered by patients with adhesive tape mostly from head and arms. Nine
of these mites were preserved in 96% ethanol. Specimens were cleared in Nesbitt’s fluid
and slide-mounted with Hoyer’s medium according to Walter and Krantz (2009). Morpho-
logical identification of four adult female mites was carried out under a light microscope.
Every studied specimen was classified as O. bursa according to Denmark and Cromroy
(2003), Radovsky (2007) and Ueckermann et al. (2016).

Preparation of mite soluble protein extracts

Poultry red mite, a mite closely related to O. bursa, was used for preparation of soluble
protein extracts. One hundred starved adult mites were snap frozen in liquid nitrogen and
disgregated with pestle and mortar. The disgregated material was resuspended in ice-cold
PBS supplemented with complete Protease Inhibitor Cocktail (Roche Diagnostics, Man-
nheim, Germany). After centrifugation at 5000 rpm for 20 min at 4 °C, insoluble material
and debris were removed and soluble material was decanted and centrifuged for a second
time. The resulting soluble proteins were immediately snap frozen and stored at —80 °C
until used.

Determination of IgE, IgM and IgG antibody titres against mite proteins

Soluble protein extracts from D. gallinae were used as mite antigen to coat the ELISA
plates. Plates were coated with 50 ng of mite proteins per well in carbonate/bicarbonate
buffer and incubated overnight at 4 °C. Following four washes with 200 ul of PBS contain-
ing 0.05% Tween 20 (PBST), blocking was carried out using 100 pl per well of 1% human
serum albumin (HSA) in PBS and incubated for 1 h at room temperature. Following four
washes with PBST, patient and control sera were added at 1:50 dilution in PBS, incubated
for 1 h at 37 °C and rewashed 4 X with PBST. Then, 100 pl per well of goat anti-human
immunoglobulin-peroxidase IgG (FC specific), IgM (p-chain specific), and IgE (e-chain
specific) (Sigma-Aldrich, Madrid, Spain) were added at 1:1000 dilution in blocking buffer
(1% HSA in phosphate buffered saline, PBS supplemented with 0.05% Tween 20) (Sigma-
Aldrich). The plates were incubated for 1 h at 37 °C and then washed 4 X with PBST. The
reaction was visualised by adding 100 pl of 3,3',5,5'-tetramethylbenzidine (TMB) (Pro-
mega, Madison, WI, USA) and incubated for 20 min in the dark at room temperature. After
stopping the reaction with 50 pl sulfuric acid, the optical density (O.D.) was measured at
450 nm with a Multiskan FC ELISA reader (Thermo Fisher, Waltham, MA, USA). The
average value of the blanks (wells without mite proteins coating; N=4) was subtracted
from all reads, and the average of three technical replicates for each sample was used for
analysis. Normalized values were compared between patients and controls by Student’s ¢
test with unequal variance (x=0.05; N =2 biological replicates).
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Determination of IgE, IgM and IgG antibody titres against a-Gal

Anti-a-Gal IgG, IgM and IgE antibody titers were determined in serum samples from
patients and control individuals following Mateos-Hernandez et al. (2017) with some
minor modifications. ELISA plates were coated with 100 pl/well (50 ng) of Gall-
3Galp1-4GlcNAc-Human serum albumin (HSA) (Carbosynth, Compton, UK) in car-
bonate/bicarbonate buffer and incubated overnight at 4 °C. Then, 100 pl of blocking
buffer (Sigma-Aldrich) was added to each well and incubated for 1 h at room tempera-
ture followed by four washes with PBST. Sera were added to plates at 1:500 dilutions
in blocking buffer and incubated for 1 h at 37 °C, followed by four washes with PBST.
Plates were incubated with goat anti-human immunoglobulins-peroxidase IgG, IgM, or
IgE as described above for mite proteins. The average value of the blanks (wells with-
out Gala1-3Galp1-4GlcNAc-HSA coating; N =4) was subtracted from all reads, and the
average of four technical replicates for each sample was used for analysis. Normalized
values were compared between patients and controls by Student’s t-test with unequal
variance (o«=0.05; N =2 biological replicates).

Determination of a-Gal levels in Dermanyssus gallinae

For protein extraction, 100 mg of D. gallinae tissue was homogenized in 500 pl PBS with
1% Triton X-100 (Sigma-Aldrich) using steel balls and the homogenizer Precellys 24 Dual
(Bertin, France) at 6000 rpm for 330 s each. Proteins were quantified using the bicin-
choninic acid assay (BCA) (Thermo Fisher) with BSA as standard. To determine a-Gal lev-
els, an inhibition ELISA was performed as previously reported by Lu et al. (2018). Briefly,
increasing concentrations (5, 10, 15 and 20 ng/ul) of total proteins were incubated with the
anti-a-Gal monoclonal antibody M86 mAb (Enzo Life Sciences, Farmingdale, NY, USA).
The relative amount of unbound M86 mAb was then measured by ELISA using Gal-a-
1-3Gal-BSA (a-Gal-BSA) (Dextra Laboratories, Bristol, UK) as coating antigen (200 ng/
well). The goat anti-mouse IgM-HRP (Sigma-Aldrich) was used as secondary antibody
and the O.D. was measured at 450 nm with a Multiskan FC ELISA reader (Thermo Fisher).
Three replicates were used for each sample. The average value of the blanks was subtracted
from all reads before further analysis. The inhibition (%) was calculated as ([0.D. M86
mADb alone] —[0O.D. M86 mAb incubated with X ng/ul proteins]) X 100/[0.D. M86 mAb
alone], where X corresponds to the various concentrations of total protein extracts used for
incubation with M86 mAb in the ELISA. Total proteins extracted from Sus scrofa kidney
samples and a-Gal-BSA were used as positive controls. Total proteins extracted from a
kidney sample from a-Gal-deficient (a-Gal KO) S. scrofa were used as negative control.

Sequence analysis in Dermanyssoidea species

Taxonomy for Dermanyssoidea species was investigated using the NCBI Taxonomy data-
base (Federhen 2012). Analysis of protein sequence identity among Dermanyssoidea and
the systematic search of the D. gallinae genome (Burgess et al. 2018) with galactosyltrans-
ferase sequences previously identified in arthropods (Cabezas-Cruz et al. 2018) were con-
ducted using the Blastp tool from BLAST (Altschul et al. 1990; Madden et al. 1996).
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Results and discussion
Case report of clinical gamasoidosis caused by Ornithonyssus bursa

During June 2018, two cases of gamasoidosis were reported in the city of Jafre (Girona,
Spain). An adult male (76 years old) (patient 1) and an adult female (71 years old) (patient
2), members of the same family, suffered from severe itching. Both patients attended their
primary health centre and were initially diagnosed with unspecific bug bites. The lesions
were mostly distributed through arms, torso and head (Fig. 1A). Patients suffered of papu-
lous dermatitis due to the presence of erythematous and urticarial papules, and patient 1
showed a more severe dermatitis with over 100 papules (Fig. 1A). Patients associated the
itching with working in the garden. The house garden included several pine trees where
a group of approximately 40 Eurasian collared doves (Streptopelia decaocto) were found
roosting and nesting. The feeling of being bitten allowed the patients to identify and collect
the mites. Collected mites were classified as O. bursa based on (i) article II of the cheli-
cerae elongated with no basal bottleneck, (ii) sternal shield broader than long, (iii) three
pairs of setae on the sternal plate, (iv) dorsal shield tapers posteriorly, and (v) anal shield
pear-shaped and anal opening in the anterior half of the plate (Fig. 1B). Although a topical

Fig. 1 Clinical gamasoidosis caused by Ornithonyssus bursa. A Distribution of papular dermatitis lesions
associated with clinical gamasoidosis in Spanish patients included (a) excoriated papula in the arms, (b)
papular lesions in the abdomen, and (c) dermatitis in the armpits. B Ornithonyssus bursa taxonomic char-
acteristics identified in female adult specimens (10X under the light microscope) included (a) broader than
longer sternal shield and a pear-shaped anal shield and anal opening in the anterior half of the plate, (b)
with a third pair of setae (st3) in the posterior corner of the shield (20X), and (c) an article II of the cheli-
cerae elongated with no basal bottleneck (40 X)
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treatment with a corticosteroid cream was established for both patients, the lesions lasted
for approximately 1 month. Lesions did not disappear until the doves were displaced, the
nests were removed, and the external walls of the house were sprayed once a week with
alphacypermethrin (Camaleon Plus, Bioplagen, Bollullos de la Mitacién, Seville, Spain).

Gamasoidosis is difficult to diagnose in its initial phases, and it is often interpreted by
patients and medical staff as undetermined bug bites, unless a clinical suspicion as identi-
fied in the current case is present (Krinsky 1983). Furthermore, some of the avian mites
do not stay on the host for long periods of time as they usually leave after the blood meal,
which causes the lack of determination of the etiological agents unless the mites are found
on the patient. Finally, the identification of mite species requires specific training and
knowledge to be reliable on the diagnosis. These limitations in the diagnosis of gamasoi-
dosis affect the efficacy of the prescribed treatment. As shown here, topical corticosteroid
ointment was not useful for resolving the dermatitis signs, probably due to a continued
mite reinfestation. In the present case, the effective treatment measures were those related
to the elimination of the causative mites, such as the removal of the bird nests and the dis-
infestation of the environment.

Humoral immune response to mite proteins and a-Gal

The response to ectoparasite bites varies from no reaction to a local reaction at the bite site
or a generalized anaphylactic reaction (Castelli et al. 2008; Okahashi et al. 2015; Cabezas-
Cruz et al. 2015; Mateos-Hernandez et al. 2017; Jackson, 2018; Schlosser et al. 2019).
Tick bites trigger a humoral immune response in infested individuals, but allergic reac-
tions to tick bites involve, among others, symptoms of the AGS that are associated with
anti-a-Gal IgE levels (Mateos-Hernandez et al. 2017; Hodzi¢ et al. 2019; Mateo-Borrega
et al. 2019). Furthermore, these findings correlate with the capacity of ticks to synthesize
a-Gal attached to glycoproteins differentially recognized by patients with AGS (Mateos-
Hernandez et al. 2017; Cabezas-Cruz et al. 2018). In contrast, anti-a-Gal IgE/IgG levels
have been correlated with protection against infectious diseases such as malaria, tuberculo-
sis and leishmaniosis caused by pathogens with this modification on their surface (Yilmaz
et al. 2014; Cabezas-Cruz et al. 2017; Iniguez et al. 2017). However, the a-Gal content in
other blood-feeding acarines and the role of humoral immune response to this carbohydrate
and mite proteins in allergic reactions has not been investigated.

To address this question, IgG, IgM and IgE antibody titers against mite proteins and
a-Gal were investigated in the patients with clinical gamasoidosis and control indi-
viduals exposed to mites and ticks. Proteins from D. gallinae were used as aproxy for
O. bursa because these organisms are closely related Dermanyssoidea species (https
://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?mode=Undef&id=41438
&lvl=3&keep=1&srchmode=1&unlock). For example, although little information is
available for Ornithonyssus spp. protein sequences, a 83.82-85.55% amino acid sequence
identity (E-value 8e—96 to 3e—104) exists between O. sylviarum cytochrome oxidase
subunit I (CBI75315.1) and Dermanyssus spp. including D. gallinae (85.55% identitity,
E-value=1e—101; BAU09261.1).

The analysis of serum samples from patients and control individuals revealed IgG, [gM
and IgE antibody titers against mite proteins (Fig. 2a). Patient 1 with a more severe derma-
titis than patient 2 showed higher IgG but not IgM or IgE antibody levels than other indi-
viduals. A lower level of IgM antibody titers was observed in the patients when compared
to the control samples (p=0.025) (Fig. 2a). The same tendency was observed with IgE
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Fig.2 Immune antibody response to mite proteins and a-Gal. a Mean (+SD; N=3 technical replicates)
IgG, IgM and IgE antibody titers to (a) Dermanyssus gallinae proteins and b a-Gal, determined by ELISA
in serum samples from patients and control individuals. Antibody titres were determined as O.D. at 450 nm.
Antibody titers from patient and control sera were compared by Student’s t-test with unequal variance
(a—*p=0.025; b—p>0.05; both N=2 biological replicates). ¢ Absence of a-Gal in D. gallinae mites.
The inhibition (%) of the binding capacity of the M86 mAb produced by increasing concentrations of total
proteins extracted from D. gallinae was determined by ELISA. Total proteins extracted from Sus scrofa kid-
neys and a-Gal-BSA were used as positive controls. Total proteins extracted from o-Gal-deficient S. scrofa
(a-Gal KO) were used as negative control. Increasing concentrations of total protein extracts of D. gallinae
or a-Gal-deficient S. scrofa did not inhibit M86 mAbD binding to a-Gal-BSA. In contrast, increasing concen-
trations of S. scrofa kidney protein extract and a-Gal-BSA inhibited M86 mAb binding to a-Gal-BSA in a
dose-dependent manner

antibody titers but without statistical significance (p=0.059) (Fig. 2a). However, although
control 1 individual showed lower levels of IgG and IgM antibodies against a-Gal, no dif-
ferences were observed in the IgG, IgM and IgE antibody levels between patients and con-
trol inviduals (Fig. 2b). As expected, higher IgM/IgG than IgE anti-a-Gal antibody levels
were observed in most individuals as these antibodies are now recognized as among the
most abundant antibodies produced in response to gut microbiota (Galili 1984). The lim-
ited number of individuals included in the study and the influence of other variables (e.g.,
individual’s age) may affect the results of the antibody against mite proteins and «-Gal.
Nevertheless, these results suggested that no correlation exists between clinical gamasoido-
sis and the antibody response to mite proteins and a-Gal.

Additionally, these results together with the fact that control 1 individual exposed to D.
gallinae bites showed the lowest IgG and IgM antibody levels to a-Gal posed the question
about the a-Gal content in mites. The results of the ELISA inhibition with D. gallinae
protein extracts and in comparison with positive and negative control samples indicated
that mites do not contain «-Gal or the levels are very low (Fig. 2c). This result was fur-
ther supported by the absence of galactosyltransferase sequences previously identified in
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arthropods (Cabezas-Cruz et al. 2018) in the D. gallinae genome (Burgess et al. 2018).
Nevertheless, ticks inhibit host immune response by different mechanisms (Mans and Neitz
2004; de la Fuente et al. 2016, 2017) that may affect individual responses to ectoparasite
bites (e.g., lower IgM antibody levels to mite proteins in patients when compared to con-
trols; Fig. 2a) (Waitayakul et al. 2006; Mateos-Hernandez et al. 2017; Mateo-Borrega et al.
2019), but these mechanisms are not known in mites.

In summary, this report together with the recent human infestation in Italy (Castelli et al.
2015) suggested that O. bursa is establishing across Mediterranean countries. Warmer
winters due to the global warming are probably facilitating the survival of the mites that
reach these countries by migratory birds or by international trade of live birds. Although
the risk for gamasoidosis may increase with O. bursa expansion, the results reported here
suggested that mite bites do not correlate with antibody titers to acarine proteins or a-Gal,
and are not associated with the AGS.
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