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ABSTRACT

Dermanyssus gallinae, also known as the poultry red mite (PRM), is a blood-feeding ectoparasite
of poultry and sylvatic birds. This mite is endemic in many parts of the globe and poses a threat
to the egg industry, while compromising the health and welfare of hens, both directly and as a
vector of diseases. In addition, people attacked by D. gallinae may develop gamasoidosis.
Despite the high prevalence in several European countries, epidemiological information on
D. gallinae in Portugal is scarce. This study aimed to assess the prevalence and infestation
levels in laying farms in Portugal and evaluate the perception and attitudes of producers
regarding D. gallinae. A survey was performed between August 2016 — November 2017,
which included 24 farms in the NUTS2 regions Centro and Norte. Mites were sampled with
corrugated cardboard traps and the perception and attitudes of farmers regarding the PRM
were evaluated with the European COREMI questionnaire prepared by WG 1 of the COST
action FA1404. D. gallinae was detected in 95.8% of farms (95% Cl: 79.8-99.3%). The average
number of trapped mites among farms was 5200 + 16,522, with a median of 359 mites
(interquartile range =46-3135). Results from the questionnaire show that insufficient
monitoring, under-detection and late and suboptimal treatment may contribute to the
maintenance of significant infestation levels. The present data highlight the need for
adequate monitoring of D. gallinae, timely action and effective treatment in order to improve
poultry productivity and ensure human and animal health and welfare.
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RESEARCH HIGHLIGHTS

A survey on the prevalence of D. gallinae in Portuguese layer farms is presented

The perceived importance of D. gallinae was assessed with a questionnaire

D. gallinae was detected in 95.8% of farms

The results emphasize the need for adequate monitoring and treatment optimization.

Introduction
D. gallinae may survive up to 9 months without a

Dermanyssus gallinae De Geer, 1778 (Mesostigmata:
Dermanyssidae) also known as the poultry red mite
(PRM) is an obligate blood-feeding ectoparasite of
domestic and wild birds. This mite is endemic in
many parts of the world, posing a worldwide economic
problem. In Europe, D. gallinae is considered the most
serious pest in layer farms, with associated prevalences
up to 100% (Sparagano et al., 2014). D. gallinae has a
five-stage life-cycle, which is usually completed within
approximately two weeks or even less, allowing large
populations of mites to build up in a short time
(Wood, 1917; Tucci et al., 2008). The mites only para-
sitize birds for 30—60 min to acquire a blood meal, typi-
cally during the dark period, and then return to cracks
and crevices within the poultry facilities to digest their
blood meal and reproduce (Maurer et al., 1988).

blood-meal, allowing the maintenance of populations
of mites in poultry houses during the empty period
(Nordenfors et al., 1999). Several critical hazard cat-
egories and critical control points have been identified
for the introduction and spread of D. gallinae in poul-
try facilities, including carrier animals (birds, rats), egg
containers, pallets and trays, visitors and farm person-
nel, cadavers, purchase of growing hens, contaminated
material/equipment, and ventilation (Mul & Koen-
raadt, 2009).

Severe infestations cause somatic stress, immuno-
suppression and anaemia, which may lead to lower
body weight, a decrease in egg production and higher
mortality in layer hens (Chauve, 1998; Wojcik et al.,
2000; Cosoroaba, 2001; Kilpinen et al., 2005; Kowalski
& Sokdt, 2009). The negative impact on the welfare of
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poultry is potentiated by psychogenic stress (Kowalski
& Sokét, 2009) and stress behaviours like social feather
pecking and increased grooming (Kilpinen et al., 2005).
The economic impact is linked to the high treatment
and control costs and to production losses caused by
a drop in egg laying rates, a higher susceptibility to
poultry diseases, and increased mortality (Sigognault
Flochlay et al, 2017). Further financial losses arise
from the decline in egg quality due to blood spots caused
by the crushing of blood-engorged mites in egg collec-
tion belts and increased thinning of shells (George
et al., 2015). Anaemic birds tend to drink more water
and increase the feed intake in order to compensate
blood losses, leading to extra costs for the farmers (Spar-
agano et al., 2014). Though the global financial impact
directly attributable D. gallinae is difficult to determine,
production losses and treatment and prevention costs
for the approximate population of 600 million laying
hens in the EU are estimated at about 250 million
Euros per year (Van Riel ef al., 2016). In the case of
high infestation levels or absence of a bird host,
D. gallinae may bite mammals, including humans, caus-
ing papular pruritic dermatitis (Bellanger et al., 2008;
Akdemir et al., 2009; Dogramaci et al., 2010; Abdigou-
darzi et al., 2014; Gavrilovi¢ et al., 2015; Sengiil et al.,
2017). The medical significance is aggravated by the
potential of D. gallinae to carry and transmit zoonotic

Mean nr. of mites per farm

O  Omites

@ <50 mites

@ 51-2500 mites

‘ 2500 mites

Figure 1. D. gallinae infestation levels determined at the differ-
ent sampling sites. © EuroGeographics for the administrative
boundaries.
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bacterial and viral diseases (George et al., 2015). Infesta-
tion levels may be so high, that workers in some
countries demand a significantly higher salary to work
in D. gallinae-infested premises (Sahibi et al., 2008).
Treatment and control of mite infestations have tra-
ditionally relied on chemical acaricide spraying of
infested premises. However resistance to several acarici-
dal drugs, including amitraz, carbaryl and permethrin
(Beugnet et al., 1997; Nordenfors et al., 2001; Thind &
Ford, 2007; Marangi et al., 2009) highlight the need
for alternative and sustainable control strategies.

Despite the considerable economic impact and the
high prevalence rates reported from other countries
(George et al., 2015), epidemiological information on
D. gallinae in laying hen farms in Portugal is scarce.
In this context, the aim of the present survey was to
obtain data on the prevalence, mite burdens and per-
ceived importance of D. gallinae in industrial egg pro-
duction systems in Portugal.

Materials and methods
Survey area and sampling design

The present survey was performed between August
2016 and November 2017 and included 24 randomly
selected laying hen units in the NUTS2 regions Centro
and Norte in Portugal (Figure 1). The study area has a
temperate warm Csb climate, which is characterized
by mild and dry summers and a threshold temperature
value of +10°C for at least four months during the cold
months (Koppen climate classification) (Kottek et al.,
2006). During the study period, there were 133 commer-
cial layer farms in continental Portugal, with a total
capacity for 8,315,451 laying hens. Since the majority
of these intensive egg production systems are concen-
trated in the regions Centro and Norte, the sampling
frame of the present survey comprised laying hen
units owned by commercial producers operating in
these areas. The number of layer farms to be sampled
(n=24) was calculated with EpiTools epidemiological
calculators (Sergeant, 2019), using the following inputs:
(1) an assumed prevalence of 92% infected farms, based
on the 75th percentile of prevalence records in other
countries in Europe (George et al., 2015); (2) a popu-
lation size of 116 commercial producers in the regions
Centro and Norte; (3) a confidence level of 95%; and
(4) a precision in the estimate of 10%.

Questionnaire survey

A questionnaire survey was conducted to assess the
perception and attitudes of poultry farmers regarding
the presence of the PRM in layer production systems.
The questionnaire was developed within the scope of
the actions carried out by the COREMI European
Questionnaire Working Group 1 of the COST action
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FA1404. Questionnaire items were designed to identify
(a) the prevalence of D. gallinae in laying hen farms in
EU countries, (b) the infestation burden in the laying
hen farms, (c) possible risk factors for infestation,
and to evaluate the awareness of poultry farmers
regarding the presence and impact of the PRM and
assess current pest management practices in layer
farms in Europe. The forms were explained and
handed out to all producers/veterinary practitioners
participating in the study. The following farm data
were covered: type of production system, mode of
operation, housing system, manure disposal system,
hen perch structure, ventilation system, current age
of flock, and number of hens in the flock. To assess
the awareness and attitudes regarding the presence
and severity of mite infestation, producers were
asked about the following PRM indicators: present
and past presence of mites, if mites were seen on the
housing, in cracks and crevices, if there were clustered
spots of mites on the furniture, bloodspots on eggs, if
mites were associated with a reduction in egg pro-
duction and if the animal care staff complained
about red mites and itching skin. Further questions
related to the existence of a red mite monitoring sys-
tem, treatment and hygiene methods employed and
treatment timing based on farmers’ perception of
mite infestation levels, i.e. before mites were seen,
when mites were first seen (low numbers), when
mites were clearly visible (medium numbers), when
mites were seen as a threat to production (high num-
bers), routinely (regardless of red mite presence), when
animal caretakers started complaining or when mites
were felt on the skin. To evaluate the economic impact,
producers were asked about the amount of money

Table 1. Average number of mites per trap, standard deviation
(SD), minimum and maximum number of mites, flock size and
age of birds in each farm.

Average no. Flock
Farm mites SD Min. Max. size Age
Q1 8210.3 9648.7 58 29,026.2 31,000 40
Q2 1316.1 3155.3 0 24,957.2 150,000 70
Q3 4367.4 7540.0 47 28,229.1 19,000 75
Q4 27244 2861.4 50 7543.8 25,000 54
Q5 105.7 137.9 23 541 17,800 54
Q6 466.6 586.6 14 1659 20,000 44
Q7 89.3 92.2 7 231 14,000 44
Q8 2.7 2.6 1 8 28,000 63
Q9 524 154.5 2 818.1 64,000 48
Q10 10,984.6 23,994.9 0 96,422.4 22,000 55
Qn 81,459.7 87,051.0 592 30,1814.9 48,000 48
Q12 0.0 0.0 0 0 9000 8
Q13 61.4 164.3 0 604.8 13,000 40
Q14 0.1 0.4 0 1 13,000 40
Q15 52.0 193.0 0 8228 20,000 70
Q16 6664.7 82268 246 24,409.9 18,000 94
Q17 466.5 826.1 37 3637.8 18,000 50
Q18 5331.0 30379 16704 9565.96 17,000 50
Q19 26.7 74.1 0 350 35000 35
Q20 1506.4 1921.7 0 5871.6 30,000 70
Q21 250.8 997.1 0 4242 30,000 60
Q22 660.9 12913 0 4820.64 18,000 65
Q23 9.1 16.5 0 57 21,000 61
Q24 0.9 1.6 0 5 20,000 37

spent so far on red mite control products and the
number of labour hours spent on red mite control in
the last month for this particular flock.

Sampling, identification and quantitative
assessment of mites

Traps used for collection of mites were made of corru-
gated cardboard and measured 14 cm x 10 cm x 0.3 cm
(Nordenfors & Chirico, 2001). Traps were placed on
the outside of the housing structures, near to, but out
of reach of chickens, at a ratio of 1:1000 birds for avi-
aries with up to 20,000 hens. For aviaries with more
than 20,000 chickens, an extra trap was placed for
each additional 5000 birds. Traps were collected after
3-5 days, sealed in zip-lock bags and frozen at —20°C
for 24 h or more, in order to kill the mites. The content
of each trap was transferred to Petri dishes and
weighed on a precision balance with a readability of
0.001 g. A subsample weighing 0.025 g+ 0.001 g was
withdrawn from all samples >0.05 g and transferred
to a second Petri dish with counting grid (1 mm x
1 mm grid). Mites (adults and nymphs) were identified
using the identification keys provided by Moss (1968)
and Di Palma et al. (2012) and counted under a stereo-
microscope. The total number of mites per trap was
determined either by counting all mites in samples
weighing up to 0.025 g or by cross-multiplication for
subsamples.

Data analysis

Statistical procedures were performed with the soft-
ware package R 2.15.0 (R Development Core Team,
2008). The 95% confidence intervals for the proportion
of positive farms were calculated using Wilson’s score.
Normality of data was assessed by visual inspection of
histograms and the Shapiro-Wilk test of Normality.
Since average mite counts in each farm (Table 1)
were not normally distributed, association between
variables was assessed with non-parametric tests: the
two-sample Wilcoxon test was used to compare mite
counts with answers of farmers regarding PRM indi-
cators, and the Kruskal-Wallis rank sum test was
used to compare mite counts with treatment timing
based on farmer’s judgement on infestation levels.
The relationship between flock size, flock age, money
and labour hours spent on the control of the PRM
and the average number of trapped mites per farm
was analyzed by the Spearman rank correlation
method. P values <0.05 were considered statistically
significant. The threshold for farmers’ awareness of
PRM infestation and perceived impact on egg pro-
duction was determined using a ROC analysis
approach, by plotting the average number of trapped
mites per farm against the perception of the presence
and impact of mites. Geographical distribution maps



were constructed using Quantum Geographic Infor-
mation System (QGIS) software 3.0.3.

Results
Farm data

Samples were obtained from a total of 24 laying farms,
representing a total of 507,800 laying hens. The sur-
veyed farms were located in 21 civil parishes in 15
municipalities in the regions Norte and Centro (Figure
1). Average flock size was 29,200 hens and ranged
between 9000 and 150,000. Hens were aged between
8 and 70 weeks. Most farmers (91.7%) used a non-
free range production system and operated non-orga-
nically. Regarding the type of housing, 83.3% of
farms used enriched cages, 4.2% single-tier systems,
4.2% multi-tier systems and 8.3% litter systems. Man-
ure disposal was performed with a manure belt in
87.5% of poultry houses and with deep litter in
12.5%. Most poultry houses (95.8%) had a closed ven-
tilation system, while two (4.2%) used open ventilation.

Prevalence and density of mites

D. gallinae was present in 95.8% of the laying farms
sampled (95% CI: 79.8-99.3%) (Figure 1). The mean
numbers of mites per trap in each laying farm are pre-
sented in Table 1. Considering all farms, the mean and
median number of trapped mites per farm was 5200 +
16,522 and 359 mites (interquartile range =46-3135
mites), respectively. No statistically significant corre-
lation was found between the average number of
trapped mites in each farm and the variables of: age
of hens (Spearman r = 0.39; P = 0.06), flock size (Spear-
man r=0.28; P=0.18) and money (Spearman r=
—0.32; P=0.2) and labour hours (Spearman r=
—0.23; P=0.45) spent on the control of the PRM.

Perception and attitudes regarding the presence
of D. gallinae

Considering indicators of poultry red mite infestation,
62.5% of the responders reported that the flock was
currently infested with PRM, while 91.7% had seen
red mites in the past. Seventy-five percent noticed
PRM in cracks and crevices, 66.7% admitted that ani-
mal care staff complained about PRM and itching
skin, 45.8% saw mites on the housing, 41.7% spotted
clustered spots of mites on the furniture, 25% related
the presence of mites to a decrease in egg production
and 16.7% reported bloodspots on eggs. Discrepancies
between answers were observed in five questionnaires,
i.e. farmers answered positively to indicators of PRM
presence, where the current presence of mites was
excluded but previous infestation was admitted, poss-
ibly due to farmers not answering questions as the
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present situation. Nonetheless, infestation levels were
always higher when farmers responded affirmatively
to questions on PRM indicators, but this association
was only statistically significant for the present aware-
ness (P =0.004) of mites and when mites were seen in
cracks and crevices (P=0.002). The threshold for
farmers’ awareness about the presence of PRM in the
flock started from 75 mites per trap (sensitivity =
86.7%; specificity = 77.8%) while the perceived impact
on egg production started from 1411.2 mites per trap
(sensitivity = 66.7%; specificity = 77.8%), as determined
by ROC analysis.

None of the producers used a red mite monitoring
system. Treatment of premises was performed routi-
nely by 12.5% of the producers, irrespective of PRM
presence and none of the others implemented any con-
trol methods before mites were first seen. Regarding
the timepoint of treatment based on farmers’ assess-
ment of mite infestation, 66.7% considered starting
treatment when mites were clearly visible, 45.8%
when animal caretakers complained, 41.7% when the
number of mites was perceived as a threat for pro-
duction, 8.3% when mites were first seen by animal
care takers and 4.2% when mites were felt on the
skin by the farmer. There was no statistical relationship
between mite counts and decision to treat based on
farmers’ perception of infestation levels. Phoxim was
the most used compound (47%) among farmers who
indicated treatment and control methods (n = 17), fol-
lowed by cypermethrin (24%) and spinosad (6%). A
further 17.7% mentioned treatment with insecticide/
acaricides without specifying the active substance,
and 11.8% relied on cleaning measures when the
shed was empty. Only 11.76% used a second product
for treatment and 17.7% used compressed air every
two weeks after first treatment (11.8%) or cleaning
(5.9%). The mean age of hens when a treatment was
first used in the stocked shed was 35.8 weeks and ran-
ged between 26 and 51 weeks. There was no relation-
ship between the mean number of mites per farm
and age of first treatment. All producers considered
that treatment was effective in reducing the number
of mites. The amount of money spent so far on red
mite control products for each 1000 hens in the flock
was on average €30.24, with a range of €9.68 to
€84.27. Extrapolating for a full year (assuming a pre-
lay period of 18-20 weeks before transfer to layer
houses), this would represent a mean annual cost of
€48.5. Producers spent monthly on average 0.4 labour
hours on red mite prevention and control for each 1000
hens, with a range of 0.14-1.78 h.

Discussion

Over the past decade, several surveys have shown that
D. gallinae is endemic in many parts of the world, with
median prevalence rates above 80% and reaching
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values higher than 90% in several countries including
Spain, Germany and Belgium (George et al., 2015).
Globally, the studies demonstrate that the impact of
D. gallinae is increased in Europe and is expected to
further increase due to changes in layer cage systems
imposed by the EU directive 1999/74/EC, climate
warming, withdrawal of several acaricides from the
market and the lack of effective control methods (Spar-
agano et al, 2009). Despite this trend, evidence of
D. gallinae in Portugal was limited to a few studies stat-
ing its presence in poultry houses (Pereira, 2011) and in
exotic bird species (Waap et al., 2017). Therefore, the
aim of the present study was to assess, for the first
time, the prevalence of D. gallinae among laying hen
farms in Portugal. Similar to previous studies in
Europe, results from the present survey point to a
very high percentage (95.8%) of farms infested with
D. gallinae. Additionally, we intended to evaluate infes-
tation burdens at farm level. Unfortunately, compari-
son of infestation levels is hampered by the paucity
of published information on mite densities in laying
farms, the different methods and units used to assess
mite burdens and the discrepant grading of infestation
levels between authors. In a study that involved 29
farms, Guy et al. (2004) determined a mean mite den-
sity of 967 mites per trap in cage systems, whereas Kil-
pinen et al. (2005) estimated that mite densities may
reach 50,000 mites per bird in caged systems, and
even escalate to 500,000 mites per bird in severe
cases. Gunnarsson (2017), using a similar approach
as in our study (1 trap per 1000 layers), graded the
degree of infestation as low when the mean number
of mites was between 1 and 1000 mites per trap, mod-
erate between 1001 and 2500 and high if >2500.
Though our results show an overall high mean number
of mites when considering all farms (5200 + 16,522
mites per trap), the distribution of mite densities
among farms was found to be right skewed. In this
case, median estimates are a better measure of central
tendency, because they are less prone to outliers and
therefore may provide a more accurate view of infesta-
tion levels. Indeed, 50% of farmers had average counts
equal to or lower than 359 mites per trap, with an inter-
quartile range of 46-3135 mites per trap, showing that
mite infestation levels were low to moderate in most
farms and that high infestation rates were limited to
a smaller proportion (29%) of farms (Figure 1).
These data are also supported by the fact that, although
a large proportion of farmers spotted mites in cracks
and crevices and admitted complaints by the animal
care staff, only 16.7% of farmers noticed bloodspots
on eggs, which is usually indicative of high infestation
rates. In the present survey, mite densities were not
found to be associated with age of birds, or flock size.
The lack of relationship of mite densities with age of
birds and flock size was also evident in Gunnarsson’s
survey (2017) involving 54 layer flocks in Sweden.

The lack of correlation of mite density with hen age
and flock size might indicate that several other factors
contribute to variation in mite population dynamics
between flocks, which may include farm location, hus-
bandry practices, pre-existing infestation levels, sources
of infestation, biosecurity, mite control methods, as
well as host immunity.

Concerning the perception of farmers regarding the
PRM, nearly one third of the producers were unaware
that their flock was presently infested. Low mite den-
sities are difficult to detect and may go unnoticed,
which is corroborated by the results obtained,
suggesting a threshold of an average of 75 mites per
trap for the recognition of infestation. Early detection
of D. gallinae requires an adequate mite monitoring
system, which was virtually absent in all the surveyed
farms and, therefore, the main reason for under-detec-
tion. Furthermore, the questionnaire showed that con-
trol methods were usually implemented at a late stage
of infestation, i.e. when mites were clearly visible,
and/or the animal care staff complained, in contrast
to evidence that early intervention results in better
mite control (Mul & Koenraadt, 2009; Mul et al.,
2015). D. gallinae also poses a risk of disease trans-
mission within the flock, being implicated as vector
for numerous poultry pathogens (Sparagano et al.,
2014). Therefore, monitoring of mite population
growth is essential to take timely pest management
actions aimed at reducing the damaging effects of infes-
tation (Mul & Koenraadt, 2009; Mul et al., 2015). The
estimated mean annual costs for the control of
D. gallinae in the studied farms (€45.8/1000 hens)
were in the same range as the estimates of Lubac
et al. (2003) in France, who calculated the annual
costs at national levels to be €43.3/1000 hens and
€38.3/1000 hens for cage and alternative systems,
respectively. In a more recent study in the Netherlands
(Van Emous, 2017), which took into account current
changes in layer husbandry practices (ban on beak
trimming, longer production periods, transition to
alternative housing systems) the current total cost of
red mite infestation was estimated at €0.60 per hen
per year, including €0.15 for treatment costs and
€0.45 for productivity losses. Though utilized control
products were considered effective, the fact that most
farmers relied on a single treatment only, and the
lack of relationship between mite counts and the
money and labour hours spent on mite control, indi-
cates a suboptimal implementation of pest manage-
ment practices. Besides the impact on production and
welfare of hens, D. gallinae poses a hazard to other
birds, mammals and humans. The presence of
D. gallinae was proposed as an occupational hazard
for poultry workers (Cafiero et al., 2011). Furthermore,
D. gallinae was implicated as a putative vector of sev-
eral zoonotic pathogens, including bacteria, such as
Chlamydia psittaci (Circella et al, 2011), Coxiella



burnetii (Zemskaya & Pchelkina, 1967; Raele et al,
2018), Salmonella spp. (Moro et al., 2009; Hamidi
et al., 2011; Sylejmani et al., 2016), Erysipelothrix rhu-
siopathiae (Chirico et al., 2003; Eriksson et al., 2009,
2010), Borrelia burgdorferi (Raele et al., 2018) and Bar-
tonella-like bacteria (Hubert et al., 2017) and several
viruses, including equine encephalitis viruses (Howitt
& Dodge, 1948; Miles et al, 1951; Durden et al,
1992; Durden et al, 1993), West Nile virus (Miles
et al., 1951) and avian influenza virus (Sommer et al.,
2016). The increasing number of reports on dermatitis
caused by dermanissoid mite bites (George et al., 2015)
in humans and pets suggests that D. gallinae may be of
increasing medical and veterinary concern.

Conclusion

The present survey shows a high prevalence of
D. gallinae among industrial laying farms in Portugal.
Quantitative data point to low to moderate infestation
levels amongst farms, with massive infestations con-
centrated in individual holdings. Though D. gallinae
is recognized as a threat to egg production by poultry
farmers, insufficient monitoring, under-detection and
late and suboptimal treatment contribute to the main-
tenance of significant infestation levels. Considering
the impact on production, as well as their veterinary
and human medical importance, adequate monitoring
and early action, encompassing effective treatment
approaches and biosecurity measures, are needed in
order to ensure human and animal welfare and
improve poultry productivity.
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