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ABSTRACT

Poultry red mite (PRM), Dermanyssus gallinae, causes egg drop production, anemia and can be a vector in transmitting
diseases. The PRM control mainly focuses on usage of the conventional chemical biocides. The objective of this study was
to analyze the farmers’ perception regarding the impact, management and control of PRM in Macedonian layer farms. The
data were collected with direct on-site visits using a unified questionnaire. In total, 29 poultry farms (28% of farms in the
country), all with conventional cages, were part of this study. The data were analyzed by descriptive statistics, inferential
statistics and Naive Bayes Classifier technique. In 30% of the poultry farms the farmers had observed that the flock was
infested with PRM. In total, 32 different treatments against PRM were reported from the farmers, and three of them were
non-biocide treatments. The most used biocides (17% of the farms) were crude oil, Formalin, Neopitroid® and disinfectants.
The highest agreement regarding biocides application among the farms (38%) was before the production starts. Most of the
farmers applied biocides routinely, before the infestation is evident (75%). The median costs for PRM treatment were 175€
per flock, higher in the infested farms 493+677€ compared to non - infested 100£71€, p<0.05. None of the Macedonian
farmers included in the study was using monitoring method for PRM infestation, contributing to poor data records. This
study highlights the need of developing unified strategy for PRM control included in the Integrated Pest Management in
poultry layer farms.
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INTRODUCTION industry are from the Northern hemisphere. The

research literature studying various aspects of

Dermanyssus gallinae or commonly known
as poultry red mite (PRM) is the most important
ectoparasite affecting laying hens throughout
the globe, although the majority of the reports
describing its presence and threat to the poultry
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this pest has rapidly increased in recent years (1).
In-vitro studies have shown that the PRM completes
its life cycle in a little over two weeks. The most
favorable environmental conditions for the PRM
cycle are the temperature ranges between 10-37 °C
(2) or 20-45 °C with a relative humidity of 70%
(3), and these ranges coincide with the housing
temperatures and the body temperature of poultry.
Layer hens infested with the PRM show drop in
the egg production and alteration of the egg shell
quality (4, 5) and in more severe cases anemia can
occur which can eventually lead to death due to
blood loss (4, 6). These are not the only harmful
effects that the mite can produce in poultry since
it can also serve as a vector in transmitting many
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bacterial and viral diseases including those with
zoonotic character (7). PRM is considered as an
organism invading mainly poultry but reports of
human cases with PRM induced dermatitis are
being more frequently published (8). To alleviate
this growing concern recommendations for medical
practitioners on how to handle human case were
recently published (9).

The last published prevalence level in Europe
reports data from 1995 to 2013 from 11 countries
thus encompassing the period before and after
the ban of conventional cages. Out of 309 million
poultry, 83% of the farms were found to be infested
with the PRM (8). The only attempt to estimate
the prevalence of PRM in Macedonian layer farms
was in 2016 using combined methodology (on-site
farm visits, post-mortem and phone interviews).
This study found that 69% of investigated farms
were infested with the PRM (10). Subsequently,
pilot study on four layer farms using morphological
and molecular identification of collected mites
confirmed the presence of the PRM but also of the
predatory mite flora (11). Poultry farming systems
in Macedonia are predominantly conventional
cages with limited number of farms switching to
enriched cages. Currently, there is a proposal that
the conventional cages in the existing farms will
be allowed until the country’s accession to the
European Union (EU) while all new constructed
farms must have enriched cages as a minimum
welfare standard (12).

So far, the control of the PRM was mainly
focused on using synthetic acaricides. Since the
first report of PRM resistance to pyrethroids in 1997
(13) the research has steadily shifted to alternative
control approaches such as biopesticides, plant-
derived products, vaccines, biological control,
physical control and integrated pest management
which are all reviewed by Sparagano et al. (1).
Persistent use of conventional chemical acaricides
leads towards mite resistance (14). However,
treatment using orally applied fluralaner can
quickly result in improvement of the production
traits of the layers (15). The quest for an efficient
treatment led to the “fipronil crisis” in several EU
countries which caused a withdrawal of millions
of table eggs from the market. The reasons for the
crisis were high concentrations of fipronil found in
the table eggs despite that this product is banned for
use in poultry production (16). The data about the
methods for treatment and control of PRM in the
Macedonian poultry industry were not compiled so
far. The objective of this study was to analyze the
farmers’ perception regarding the significance and
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the impact of PRM on the poultry production and
to identify the present PRM management, control
and treatment practices in Macedonian layer farms.

MATERIAL AND METHODS

Data collection

The data collection of this study was performed
from September to November 2016 by an unified
questionnaire and direct on-site farm visits by the
data collectors and interviews with the farmers. The
used questionnaire has been standardized on
European level within the Working Group 1 of
the COST Action FA1404 “Improving current
understanding and research for sustainable
control of the poultry red mite dermanyssus
gallinae — COREMI” , entitled as “Poultry Red
Mite — COREMI European Questionnaire”. The
questionnaire is comprised of multiple choice,
dichotomous and open questions, divided into five
main sections: 1. Production system background —
production, operation and housing system,
equipment, ventilation and manure management,
as well as, the age and size of the flock that was in
the focus of the survey, i.e. the oldest flock in the
farm; 2. PRM Indicators — present and previous
infestations of PRM on the farm, opinion about
the effect of PRM infestation on egg production,
locations of evident PRM presence within the
building and about PRM as a reason for itchiness
in workers on the farm; 3. Hygiene and PRM
treatments — list of all the treatments and hygiene
practices used on the oldest flock at the farm, time of
application and the achieved effect of each treatment/
practice; 4. Implementation of PRM control — what
initiates the PRM control intervention on the farm
and usage of certain type of on-farm monitoring
system for red mites infestation; and 5. Costs of
PRM control — the total financial costs including
labor hours for red mites control in the flock of
interest, the level of egg production and its possible
reduction due to PRM infestation (on-line version
of the questionnaire_at https:/bit.ly/3BYplly). The
information given by farmers during the interviews
were recorded by the surveyors, afterword,
an electronic transcript was made from the collected
data for further analysis.

Poultry farms

The farms included in this survey were officially
registered commercial layer farms in Macedonia,
more specifically, farms included in the national
eradication disease programs (17). The locations
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Figure 1. Geographical distribution of commercial layer farms included in the survey (green dots)

of the surveyed farms are presented in Fig. 1.
The number of farms investigated by this survey
was 29 which represented 28% of all active
registered poultry farms for laying hens in
Macedonia (17) ensuring representative sample
size for the purpose of this study.

Data analysis and statistics

The data collected from the survey were
summarized and each question was analyzed on
group level (national level, including all farms from
the survey) using descriptive statistics. Furthermore,
cross-tabulation between different questions was
performed in order to make deeper analysis of
the responses given by the farmers. These data
were later analyzed using inferential statistics for
making conclusions on the population level i.e.,
poultry farms at national level. Thus, the following
additional analytical tests were performed:

i) cross-tabulation frequency distribution and
Pearson Chi-Square test for determining
any relations between the type of manure
management and farmer’s believes for current

or past presence of PRM in the flock (PRM
infestation). Additionally, the reason for
starting the PRM treatment was cross-tabulated
with PRM infestation in the flock, along with
opinion about the reduction of egg production
due to PRM and the costs for PRM control,;

ii) Mann Whitney U test was used for detecting
differences between PRM farm infestation
groups and the age, the size of the flock, the
costs and the labor hours spent for PRM control.
Performing this test, the groups formed according
the different opinions about the reduction of egg
production due to PRM were also compared
according the age of the flock; and

iii) Spearman’s  rank-order correlation  was
performed to determine any relation between
PRM control costs and the age, the size of
the flock and the labor hours spent for PRM
control. The latter was additionally tested
for correlation with the size of the flock and
identified egg drop in the flock, while the egg
drop was tested against the age and size of
the flock. For these analyses the significance
threshold was set at p=0.05.
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The last level of analysis was cross-tabulation
of three variables (questions) where the relation of
PRM infestation and production with two additional
factors was analyzed. The PRM infestation was
observed in relation to the size of the farm together
with PRM control costs. Likewise, the PRM
infestation was checked for any relations with the
age of the flock and the present egg drop. Additional
links between the size of the farm, the labor hours
spent for PRM control and the present egg drop
were also analyzed in this section. The conducted
analyses in this cross-tabulation of three variables
were based on descriptive statistic and on the Naive
Bayes Classifier technique. The Naive Bayes was
used for analyzing the relations between three
variables (responses on three different questions)
by detecting how much the posterior probability of
one factor (perception of farmers) is proportional
to the a-priory values of two other variables — in
this case perception of farmers for two other topics
(two questions from the survey). Thus, the posterior
probability p of a dependent variable C for the given
predictors X was calculated by:

p(C; 1 X) e p(CH (% 1C))

where k represents the level of independent
variable and j is the dependent variable, while in

the modeling the normal function for p(x, | Cj) was
used, with p as a mean and o as standard deviation:

—(x-up)’
20'kj

(x| C)) = exp

1
o N2n
All the data processing in this study was
performed using Microsoft Excel (2010), Microsoft
Corporation for data entry and preprocessing, and
STATISTICA (data analysis software system), v8.0,
StatSoft, Inc. (2008) for the data analytics.

RESULTS

The production system of all farms that took
part in the survey was conventional cages. Two
types of manure handling systems were present on
the farms: manure pit system (66% of the farms)
and manure belt system (31% of the farms), while
one farm (3%) had “other” type of manure handling
system. The age of the flocks ranged from 18 to 96
weeks with median age of 65.5 weeks. The size of
the flocks ranged from 600 to 29 000 with mean size
of 7460+8010 birds per flock. Considering the PRM
infestation of Macedonian poultry farms, around
30% (9 farms) declared that the observed flock
is/was infested. More detailed results regarding the
perception of the farmers about the PRM infestation
and its severity are presented in Fig. 2.
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Figure 2. The opinions of the farmers regarding the PRM indicators, i.e. percentage of the farmers that had
confirmatory responses regarding: a) The farmer thinks that the flock is having PRM infestation at the moment when
the survey was conducted; b) The farmer had seen PRM in this flock in the past; ¢) The farmer thinks that the mite
is causing a reduction in egg production in the flock; d) The farmer sees red mites on the housing; e) The farmer sees
red mites in cracks and crevices; f) The farmer sees clustered spots of red mites on the furniture; g) The farmer sees
bloodspots or mites on eggs; h) The farmer or the animal care staff complains about red mites and itching skin
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In total, 32 different treatments against PRM
were reported from the farmers. Three treatments
from the reported were non-biocide: mechanical
cleaning and water washing used in three farms
and manure removal reported by one farm. The
rest, 29 treatments were application of various
biocides. The frequency of biocide usage among
farms is presented in Fig. 3. The most frequently

used biocides were reported on maximum of five
different farms, while the other identified biocides
in most cases were encountered in just one farm.
The most used biocides (17% of the farms) were
crude oil, Formalin, Neopitroid® and biocides that
are part of the disinfection procedure, while 10%
of farmers were using Corvin WP?®, K-Othrine®,
Ekocid®, Neostomosan® and Sebacil® (Fig. 3).
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Figure 3. Word cloud of the biocides used in poultry farms in Macedonia against PRM, the bigger the word the
higher the number of farms using that biocide. The frequency of biocide usage among farms is ranging from 1 farm
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The time of application of the biocides in 38%
of the farms was before the start of the production
process, however, the program of biocides application
after the introduction of the flock was different and
unique for most of the farms (Fig. 4). The number
of different treatments per flock ranged from 0 to 6,
where the highest number of farms, i.e. 31% reported
three treatments and 28% of the farms reported a
single treatment. Considering the effect of anti PRM
treatments i.e., the reduction of PRM infestation in
the flock, from the total 58 treatments, the farmers
confirmed the effect of reducing the PRM infestation
in 59% of cases, while 36% of responses were that the
farmers didn’t know whether the treatment achieved
the expected results.

The treatments against PRM as part of the
implementation of PRM control were mostly applied
“Routinely (regardless of red mite presence)” 39%
of responses and “Before mites are seen” and/or

“When mites are first seen (low numbers)”, 36%
of farmers. Additionally, none of the farmers were
using red mite monitoring method such as mite
traps for determining the presence of red mites in
their flocks.

Different types of PRM control costs (money
spent on treatment, labor hours spent and drop in
egg productions) are presented in Table 1.

The number of farms that use manure pit
systems in regards to absence or presence of PRM
infestation was 12 and 7, while those with the manure
belt systems were 8 and 1, respectively. However,
there was no statistically significant difference
between the manure systems considering the PRM
infestation, ¥*(2,N=29)=4.19, p=0.12. Similarly, no
statistical difference was found between the reason
for starting the PRM treatment with the PRM
infestation, egg production due to PRM and the
costs for PRM control (Table 2).

Table 1. Costs of red mite control presented as median and 25% and 75% quartiles, Q1 and Q3 respectively

Range
Type of costs relz\iur(:::)s?; (()rfn) Median
P Q1 (25%) Q3 (75%)
Red mite control products for the flock of 12
interest (EUR perpﬂock) flock size 175 125 250
(1.2-27*10° birds)
Labor hours spent on red mite control
in the last month for the flock of interest 12 10 6 13
(hours)
Drop in the current egg production caused 1 20 10 30

by the red mites in the flock of interest (%)

Table 2. Cross-tabulation of implementation of PRM control with the PRM infestation, farmer’s opinion about
the reduction of egg production due to PRM and the costs of PRM control

Implementation of PRM control — starting the treatment

Before mites Mites are Mites are clearly
Routinely first seen (low visible (medium
are seen
numbers) numbers)
Yes (no. farms) 3 4 5 1
PRM infestation
No (no. farms) 8 6 5 0
Opinion for egg Yes (no. farms) 3 6 7 1
drop No (no. farms) 8 4 3 0
Costs for PRM control, EUR (median) 350 150 200 200
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The opinion of the farmers regarding the effect
of PRM on egg drop in relation to the age of the
flock was not significanti.e., the age of the flock was
55.57+422.00 weeks in those farmers that believe the
PRM reduce the egg production, and the age was
67.57+19.60 weeks, p=0.15 in the group of farmers
with opposite opinion. The relation between the
PRM infestation with the age, size of the flock,
costs and labor for PRM control is presented in
Fig. 5. The PRM control costs were higher in the

infested farms in comparison to the ones without
present or past infestation, 493+677 and 100+71 euros
respectively, p=0.02 (Fig. 5). The values of all other
variables in Fig. 5 were higher in the PRM infested
flocks but they were not statistically significant.
No significant correlations were found between
“Costs of PRM control” with the other farm/flock
parameters, as well as, between the parameters
within this main section (Table 3).
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Figure 5. Comparison of flock age o, flock size 7, costs for PRM treatments NN and labor hours spent against
PRM E= with the PRM infestation (yes) or no infestation (no) flocks (subsets divided by chart midline). The markers
represent the means, boxes SD and whiskers range values. The values of the variables are represented as log values.

(* p<0.05)

Table 3. Correlation coefficients between the parameters regarding “Costs of PRM control” and other

parameters from the survey

Parameter 1 Parameter 2 n Correlation (R) Significance (p)
Age of the flock 12 0.38 0.22
Costs for PRM treatment Size of the flock 12 0.28 0.38
Labor for PRM control 10 0.05 0.90
Age of the flock 19 -0.03 0.90
Egg drop production Size of the flock 19 -0.29 0.23
Labor for PRM control 9 0.24 0.53
Labor for PRM control Size of the flock 13 -0.40 0.17
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Considering the flock size, costs for PRM
treatment and PRM infestation, the farms that
had/have PRM infestation (n=7) have between
1200-27000 birds/flock and the spent costs for
PRM treatment are ranging from 50 to 2000€,
while the farms that are free from PRM (n=5) have
4000-8200 birds/flock and for PRM treatment spent
from 0 to 150€. The Naive Bayes truly correctly
classified all farms with No PRM infestation (100%
correct classification), while correct classification of
the farms with PRM infestation based on the flock
size and costs for PRM treatment was 71%. Those
farms that were not correctly classified as PRM
infested farms had small size of the flock (3500 and
4500 birds) and relatively low costs (250 and 50€).

The farms with PRM infestation (n=7) are with
flock from 53-75 weeks old and egg drop production
from 0 to 25%, while in the farms without PRM
infestation (n=12), are with flock of 18 to 96 weeks
old and egg drop production between 0 to 50% . The
percentage of truly classified farms with No PRM
infestation was 90% and with PRM infestation
was 67%. The incorrect predicted case classified
by model as No PRM infestation was a farm with
a flock of 53 weeks old and egg drop reduction of
25%, while the incorrectly classified farms as PRM
infested farms where those with 54, 68, 72 weeks old
hens and egg drop production of 10%, 0% and 0%.

In total, nine farms responded on the three
questions about flock size, labor hours and egg
drop production. The egg drop production reached
20%, while 44% of these farms stated no drop in
egg production. The flock size ranged from 600
to 27000 birds and labor hours from 0 to 80. The
highest labor hours was without egg drop and the
second highest (50 labor hours) was in the farm with
20% egg drop production, while the range of the
flock size in accordance with the labor hours was
with higher variance from 80 hours in a flock of
3500, through 10 hours in 18000 till 0 labor hours in
a flock of 8200 birds, all without egg drop reduction.
The Naive Bayes Classifier model considering the
presence and absence of egg drop production has
50% and 43% incorrect cases, respectively.

DISCUSSION

The study analyzes the perception of the farmers
about the significance and the impact of PRM on
the poultry production and identifies the present
PRM management, control and treatment practices
in Macedonian layer farms. This study was part of
the European scientific network initiative within
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the frame of the European Cooperation in Science
and Technology (COST) Action “Improving current
understanding and research for sustainable control
of the poultry red mite Dermanyssus gallinae —
COREMI”. The COREMI network has developed
an unified questionnaire with the following aims
and benefits: 1) identification of present integrated
pest management practices and current red mite
controls in poultry farms; ii) the prevalence of
the PRM data on country level; iii) the impact of
infestation on the productivity of commercial farms
and estimation of the financial costs associated with
red mite infestation and control; and iv) establishing
closer collaborative links between the industry and
scientists to support future research into improving
red mite control and maintaining research relevance
to the industry (on-line description of COREMI
Network: https:/www.coremi.eu/working-groups/
wg-1-developing-alternative-control-measures.
html). The unified questionnaire was also used
in this study for collecting data and findings for
Macedonian layer farms in order to be comparable
and to contribute to the current and future findings
about PRM in other European countries and beyond.

The production and housing systems for
laying hens in the country are mostly based on
conventional cages (18), although some of the farms
have introduced enriched cages for their flocks. The
surveys of this study were performed in farms with
conventional cages, predominantly with manure
pit system, while the geographical distribution and
the number of the studied farms were ensuring
the representativeness of the poultry farms in the
country. Therefore, the results of this study might
be considered as a reflection of the actual farmer’s
perception regarding PRM in the poultry sector
of the country. Moreover, the size of the farms
also reflects the capacity of Macedonian layers
from small farms managed by family holdings to
larger commercial farms. Furthermore, the wide
variations of the size and age of the flocks in the
farms was an opportunity to study the associations
between these factors and PRMs.

Regarding the PRM infestation, Waap, Nunes
(19) reports a discrepancy of the infestation rate
obtained by questionnaire (62.5%) and by placing
of traps for mite collection (95.8%). The reason for
the discrepancy was attributed to the low awareness
of the farmers about the current infestation on
their farm possibly due to low mite numbers. This
coincides when comparing our previous study
in which we found infestation rate of 69% using
combined methodology, such as: direct on-farm
visits, post-mortem examination and interview with



Poultry red mite in layer farms — a farmer’s perception

farmers (10) with this study in which we obtained
infestation rate of 30% using the questionnaire. The
farmers’ perception is less sensitive to the method of
choice for estimating the prevalence rate on the farm
level compared to the other evidence-based methods
(traps, farm inspection, hen inspection, etc.).

As stated previously all surveyed farms had
conventional cage systems with manure removed by
the belt or dropped in the pit. In both instances the hen
has very limited and short contact with the droppings
and no contact with the manure. In our study we did
not find any correlation between PRM infestation
and the type of manure management system. Some
authors were comparing the infestation levels at
the farms with the different housing systems and
had found that free range systems have higher mite
densities than farms with caged systems (20, 21).
Free range farms differ significantly from farms
with cages regarding management and husbandry
practices including manure handling so the difference
in PRM infestation levels can be expected. In farms
with caged systems management and husbandry
practices are more consistent and equipment driven
as in our case.

Recent studies found that the level of infestation
measured through mite densities were not
correlated with the age and the size of the flock
(19, 22). However, in Italy it was found that smaller
farms had higher infestation levels but this did
not depend on the size of the flock rather on the
husbandry practices (23). Contrary, the results of
this study according to the Naive Bayes classifier
technique (comparison of PRM infestation with
the size of the flock and costs for PRM treatment)
indicated that smaller farms with low costs for PRM
treatment are most probably free from PRM. This
result is difficult to interpret unequivocally because
according to our knowledge no study about the
PRM prevalence/infestation had used this approach
so far, therefore several explanations can be made.
One explanation might be that smaller flocks are
more easily managed for prevention of PRM than
larger flocks. Likewise other explanation can be that
farmers of smaller flocks are not aware of the PRM
infestation on their farms and spend less money and
attention than the farmers of larger farms.

The PRM can persist on the farm throughout
the whole production period of the layers which
is equivalent to a period of at least 56 weeks with
observed seasonality in the level of infestation
which usually peaks in the summer (24). Therefore,
this might be the reason for absence of significant
difference in flock age between the farms with
and without PRMs. Thus, it can be assumed that

age of the flock cannot be considered as a decisive
factor for infestation. However, farm classification
based on the PRM infestation in combination with
other two parameters age of the flock and egg
drop production have shown different results. The
infested farms had narrower age range of the flock
(53-75 weeks) compared to the wide age range of
non infested farms. This was the main reason for
the high percentage of correctly classified cases
of farms with no PRM infestation by the Naive
Bayes classifier technique. Consequently, it may
be concluded that a PRM infestation is somehow
related to certain flock age range and is a dynamic
state difficult to frame it. Thus, different analytical
approaches should be taken in consideration for
determining the importance of the flock age in
relation to the PRM infestation of the farm.

The egg drop production was higher in the
non infested farms, according the Naive Bayes.
Although there are many reports in the literature
about the relation of the egg drop production with
the PRM infestation, this has not been proven by
valid scientific methods. The widely cited paper on
this issue from Cosoroaba (4) is a case report and
lacks a diagnostic exclusion of other pathogens that
can cause egg drop in layer hens. Thus, the overall
classification of this model indicates that the egg
drop production due to PRM infestation most
probably is not properly perceived and recorded by
the farmers. This indicates that the classification
technique regarding the egg drop production is
inconclusive. In this context, the opinion of the
farmers regarding the PRM impact on the egg
drop production is divided, i.e. almost half of the
responders think that PRM is causing reduction in
egg production of their flock. The surveyed farmers
reported 10-30% reduction of egg production,
however these reports were mostly based on the
farmers’ general perception instead of factual
monitoring and analysis. Additionally, there was
no association between the established opinion by
the farmer on this matter with the age of the flock
and the size of the farm which further confirms
that the egg production losses are only based on the
farmer’s perception. One of the major issues related
to this is that in commercial farming is really hard,
almost impossible, to identify which performance
parameters are affected by PRM presence (15).

The farmers in this study reported that PRM
were mostly seen in the housing i.e. the whole
building, followed by the cracks and crevices. This
is in line with the well-known tendency of PRMs in
the farms to be located in the cracks and crevices
of the equipment (1, 23). Almost one fifth of
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respondents reported complain about PRM presence
and itching skin in Macedonian farms. This is fully
in line with the present literature where at least
dermatitis is reported among the workers in poultry
farms (9, 25, 26). However, this issue is becoming
more serious as other concerns for human health
have been identified (9). This leads to the need for
better protection of farmers and poultry workers, as
a risk group that is highly exposed to PRM.

The PRM treatments on farm level that not
include biocides were reported in only four farms
and these treatments were referring to mechanical
cleaning, water washing and manure removal.
Probably most of the other farms have these practices
as well, but the survey indicates that farmers do
not perceive these hygiene practices as a treatment
against PRM. One of the most important biosecurity
measures in poultry production is regular mechanical
cleaning and/or water washing of empty or occupied
facilities. Maintaining of good hygiene practices is
beneficial in removal of large number of mites and
all developmental stages (24, 27). Other conventional
methods mostly used for PRM treatment include
application of inert compounds (as diatomaceous
earth or silica, powder or liquid). Combination of
such products and mechanical cleaning drastically
reduce mite population (more than 90%) as stated
by Alves et al. (27). Therefore, these types of non-
biocide treatments and improved hygiene practices
should be promoted among farmers as important
tools for fight against PRM.

The most used biocides in PRM treatment
in Macedonian farms were crude oil, Formalin,
Neopitroid® and biocides that are part of disinfection
procedures. These biocides were followed by
Corvin® WP, K-Othrine®, Ekocid®, Neostomosan®
and Sebacil® as frequently used biocides. These,
along with most of the other reported biocides are
not on the national or European list of approved
biocides against PRM. Currently on the European
market there is only small number of allowed
and registered biocides, to be safely used in
poultry houses, either full or empty, against PRM
(according to European Chemicals Agency).
Unfortunately, the mites’ resistance has been
recorded in the last decade, mainly on pyrethroids,
organophosphates, carbamates, and formamidines
(28). This is probably the main reason why the
majority of manufacturers/farmers also use illicit
biocides, treatments and substances.

One of the biggest crises to hit egg producers is
certainly the Fipronil-related case that occurred in
2017 (16). This event shows the negative side-effect
of application of substances that can harm both
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human and animal health, but on another hand, also
encouraged the EU to launch new activities and
measures. Some of those involve higher controls
and broader range of analyzed residues for detection
of the fraudulent use of biocides and similar
substances, as reported in the “Overview report
of a series of fact-finding missions on biocides in
EU member states 2017-2018” (29). Additionally,
the process for availability on the market and use
of biocidal products is long and strongly regulated
at EU level. As previously mentioned, report by
DG Sante (29) is explaining, the EU Directive 98/8/EC
is regulating placement of biocidal products on the
market (short name Biocidal Products Directive
(BPD)), and is in force from September 2013. Under
the BPR (and previously BPD), the active substances
must first be approved at EU level, typically for a
period of 10 years, before the biocidal products
containing them are authorized by the Member
States (MS). Companies seeking authorization for
their biocide products can choose to follow one of
several different authorization processes depending
on the type of product concerned and the number
of countries in which they wish to sell it. These
processes could be via the reference MS, several
MSs or via Union Authorization. Anyhow, this
process should satisfy high safety standards in order
to be allowed for commercial and practical use. To
date, most of the biocidal products available on the
market of the MSs visited continue to be covered
by national systems or practices established prior to
the BPR. The European Chemicals Agency operates
an EU Register for Biocidal Products (R4BP), a
dedicated information technology (IT) platform
which is used for submitting applications and for
exchanging data and information (29). This process
is ensuring higher protection of human, animal and
environmental health, but on the other side, the
long process of authorization and limited number
of approved biocides encourage the usage of illicit
biocides and substances by poultry farmers.
ReviewingthelistofbiocidesusedinMacedonian
poultry farms against PRM highlight several major
points. There is great diversity of biocides used
without a uniformed biocidal approach between
the farmers. Additionally, some of the farmers used
chemical agents without any information about the
type of the biocide or the active component, which
raises food safety concerns. The list of biocides
used indicates that poultry farmers are willing and
seeking any kind of solution for PRM control in
their farms. However, for more than one third of
all treatments the farmers are not familiar with the
effects of the biocides. Similar diversity was found
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at the time when the biocides are applied at the farm.
No unified approach, shared best practice or widely
accepted protocol is present on country level. The
highest agreement between farms was applying the
biocides before introducing the flock in the empty
buildings which is widely recommended, especially
for avoiding chemical residues in eggs and as anti
— resistance strategy (30, 31). The reason for using
biocides is mainly as prevention and before any
identification of PRM by monitoring tools. This
is also confirmed with the statements emphasized
by the farmers about “routinely” and “before” or
“when mites are seen” application of treatments
against PRM. Additional confirmation to this was
the absence of any significant link between starting
the PRM treatment with other parameters in the
farm (PRM infestation, egg production or PRM
control costs). No monitoring strategy and methods
for PRM were integrated in the poultry farms
management, therefore, the awareness about the
infestation and impact is recorded only where the
PRM presence is highly evident.

The median costs of 175€ per flock for PRM
management in the surveyed flocks was a bit lower
than other research reports across Europe. Thus
the study in Portugal estimates average costs of
30.24€/1000 hens in the flock (19), the costs in cage
systems in France were 4.33€/100 hens or converted
in floor space 0.85€/m? (32), or the study by Van Emous
(33) presented 0.15€ per hen/year for treatment
costs. For better comparison, after conversion, at
Macedonian poultry farms the costs were 25.15€ for
1000 hens or 0.03€ per hen. These lower costs for
PRM treatment might be due to various reasons, such
as: less frequent PRM treatments/flock, available
biocides with lower prices on the market, no suitable
cost records at the farm etc. Additionally, small
number of responses to this question also indicated
poor records of the poultry farms on this matter. The
PRM treatment costs were not associated with the
age or size of the flock, neither with the labor which
might indicate that the usage of biocides is random
without suitable analysis, monitoring of the PRM
situation and/or poor records for the costs or labor
hours. In the context of monthly labor hours spent
on PRM control the median was 10 or converted on
1000 hens the median was 1.45 (interquartile range
of 0.87-1.88). These labor hours were slightly higher
than the study in Portugal where the number was
0.40 (0.14-1.78) for 1000 hens (19). However, these
figures are questionable since there were no reliable
records on this issue in any farm included in the
study. This absence of proper labor recordings might
also be the reason for the absence of any kind of

correlation between this variable and costs for PRM
treatment, decreased egg production or size of the
flock. Likewise, low classification predictability of
the model in regards to the flock size, labor hours
for PRM control and egg production due to PRM
together with the high variability of these parameters
among the farms supports the previous conclusions of
absent of proper records of labor hours and egg drop
production. Therefore, the Naive Bayes classifier
technique was not able to have high percentage of
correct classifications and drawing any association
between these three parameters.

The results of this study are urging for an
immediate strategic action against PRM infestation
in Macedonian poultry farms. Therefore, in order
to reduce the PRM damage and proper control of
these pests without affecting the food safety of
utmost importance is to implement the following
measures country wide: i) usage of non-chemical
preventive measures in the farms; ii) developing
standard operating procedures for PRM control and
treatments; iii) usage of EU approved biocides for
PRM treatment; iv) introducing standard monitoring
tools for PRM presence; v) reliable on-farm records
for egg production, labor hours and costs for PRM
control and treatment; and vi) unified approach by all
poultry farmers in the country in the combat against
PRM in poultry farms. These recommendations
should be part of one Integrated Pest Management
as a strategy for control of pest species while
taking care of sustainability of animals, humans
and the environment (34). Although the suggested
recommendations are only based on the findings of this
study they are fully in compliance with the proposed
eight steps for IPM Strategies for controlling PRM
by Decru, et al. (35) consisted of: 1. Prevention and
population suppression; 2. Monitoring population;
3. Treatment decision based on monitoring and
thresholds; 4. Non-chemical treatments; 5. Use of
selective/specific synthetic pesticides; 6. Reduction
of pesticide use; 7. Anti-resistance strategies; and
8. Evaluation. These proposed approaches should be
considered as national policy for proper control of
PRM as one of the biggest threats to poultry health,
production and welfare.

CONCLUSION

According the poultry farmer’s perception,
the PRM infestation was estimated to be present
at 30% of the poultry farms, which is much lower
in comparison with other methods for prevalence
estimation. Thus, the farmers’ perception is a less
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sensitive method for estimating the prevalence
rate at farm level. Considering any predictors
for PRM infestation, the smaller farms with low
costs for PRM treatment are most probably free
from PRM. The relation of PRM infestation with
the flock age range is very dynamic and different
analytical approaches should be considered for
proper analysis. Considering the PRM treatment,
in general, farmers do not perceive non-biocides
and hygiene practices as a treatment against
PRM and the most used biocides were crude oil,
Formalin, Neopitroid® and biocides that are part of
the disinfection procedures. Likewise, most of the
reported biocides are not on the national or European
list of approved biocides against PRM. There was
a great diversity of biocides used and the time of
application without any uniform biocidal approach
between farmers which also raises food safety
concerns. It was evident that there is an absence
of unified approach, shared best practice or widely
accepted protocol on country level. There was a
low or complete absence of proper data recordings
in the poultry farms regarding several important
factors: monitoring of PRM, egg production and
losses due to PRM, costs for PRM treatment/
management or labor hours. This study indicates
the importance of an immediate strategic action in
the frame of Integrated Pest Management Strategy
for controlling PRM infestation in Macedonian
poultry farms. The proposed approaches should be
integrated in the national policy for pest control and
management of PRM in poultry farms.
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