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A B S T R A C T

The aim of this study was to assess the possible effect of the fly repellent deltamethrin on the full microbiological
profile of the intramammary infections as well as on the somatic cell count in one Greek dairy cattle farm under
intensive management, during peak fly season. Fifty five multiparous cows, stabled in the same farm, were
randomly divided in three groups; cows of Group A were dressed on their back with deltamethrin, cows of Group
B remained untreated within the same pen and cows of Group C remained untreated in a separate pen. Clinical
records of the herd showed a history of clinical and subclinical mastitis (especially during spring and early
summer) and fly infestation. Deltamethrin reduced fly population, landing on the cows of Group A, facilitating a
significant decrease of S. aureus, coagulase negative staplylococci, E. coli intramammary infections and somatic
cell count, throughout the study period. Consequently, there is a relationship between fly abundance and
transmission of bacteria resulting in intramammary infections and mastitis in dairy cows. The use of the pyre-
throid deltamethrin reduced fly abundance and therefore, the possibility of transmitting pathogenic bacteria in
the mammary gland.

1. Introduction

Intramammary infections, i.e. clinical and subclinical mastitis, re-
main a severe problem of dairy cattle farms, worldwide [1]. Mastitis
can, directly, affect the mammary gland of the cow, leading to sig-
nificant reduction of the quantity and quality of the milk and therefore,
to reduced value of the production [2]. Despite decades of im-
plementation of control strategies, mastitis continues to be one of the
most significant and economically challenging problems of dairy cows
[2]. According to estimations of the National Mastitis Council (USA),
mastitis costs more than 2 billion $, to dairy farmers annually [3].

Mastitis is difficult to be controlled due to a variety of micro-
organisms that infect the udder and provoke the disease [4]. The most
common microorganisms, causing mastitis, can be divided into 2
groups: a. contagious bacteria (e.g. Staphylococcus aureus, Mycoplasma
spp. and Streptococcus agalactiae) and b. environmental bacteria (e.g.
Streptococcus uberis, Streptococcus dysgalactiae subsp. dysgalactiae, coli-
forms including Escherichia coli and Klebsiella spp.) [3]. Due to diffi-
culties in controlling intramammary infections, udder health programs

are increasingly focused on the prevention of mastitis [2].
To understand, control or prevent mastitis in dairy cows, it is es-

sential to determine the probable risk factors causing intramammary
infections [5]. Factors, such as the milking process, the teat hygiene and
the animals’ habitat, have been proved to enhance the probability of
clinical or subclinical mastitis [6–9]. Among the agents arising from the
animals’ habitat, fly abundance and its absence of control consist a
triggering factor, contributing to the infection of the mammary gland of
the dairy cows [9].

During spring and early summer, flies maximize their numbers
leading to severe welfare and productivity problems [10,11]. The re-
lationship between the number of the flies and the prevalence of the
intramammary infections of cows has been well established by many
surveys [5,12–14]. Flies consist important vectors of infectious patho-
gens predisposing to mastitis through immediate teat contact or
through teat injury [5,7,9,15]. As a result, farms where some kind of fly
control was applied, there have been less mastitis cases in comparison
to farms without fly control [12].

Given the impact of intramammary infections in dairy cows on the
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milk quantity and quality during the upcoming summer (reduced
quantity as well as low fat and protein concentration) [17], it would
seem helpful to reduce the excessive number of flies, and their role to
transmit pathogens (e.g. S. aureus, E. coli) that are associated with this
disease [16]. Little information is available on the relationship between
high fly numbers of mixed genera and the variety of bacteria trans-
mitted in the mammary gland causing mastitis in dairy cattle farms
under intensive management, throughout the Mediterranean region
(temperate climatic conditions).

Therefore, the aim of this study was to assess the possible effect of
the fly repellent deltamethrin on the establishment rate of common
bacteria (contagious, i.e. S. aureus, Mycoplasma spp. and others and
environmental, i.e. coagulase negative staphylococci, E. coli and others)
causing intramammary infections in a dairy cattle farm of Greece under
intensive management, during peak fly season.

2. Materials and methods

2.1. Herd history

The study was conducted in one herd that was consisted of 150
dairy Holstein cows in lactation reared under intensive management in
Larissa (Thessaly, Greece). The animals consumed total mixed ration
(TMR) according to the nutrient requirements of their productive stage.
The average milk production of the herd was approximately 27 liters
per cow. The structure of the buildings of the farm permitted the ani-
mals to have adequate rest area as well as to express normal feeding and
drinking behavior. The routine vaccination program included a single
vaccination one month before parturition of the heifers (approximately
24 months old) and the cows (at each gestation) against rotavirus,
coronavirus and Escherichia coli K99 (Rotavec Corona®, MSD).

Moreover, the herd had a history of subclinical and clinical mastitis
(especially during spring and early summer) combined with fly in-
festation. Subclinical and clinical mastitis are defined as intramammary
infections. Subclinical mastitis is characterized by the detection of more
than 200.000 somatic cells/ml of each milk sample [44], while the
clinical one includes a more severe picture of either the milk (i.e. flakes,
clots and watery or other unusual appearance) or the udder (i.e.
swellings, redness) [36], in at least one quarter of the mammary gland.
None of the participated cows were treated with antimicrobials during
the previous 30 days.

2.2. Experimental design

The study was conducted between May and June 2016. The ex-
perimental group consisted of only fifty five multiparous cows, because
all animals had to be similar, as much as possible, in order to generate
comparable results. They were between 3 to 5 years old and in lactation
period 1–4 months post partum. These animals were fed with the same
diet and premix, they had similar milk production and were living
under the same hygiene conditions. These animals were randomly di-
vided in 3 groups; cows of Group A (n= 25) were individually dressed
once on their back with deltamethrin (Butox® 7.5 pour-on, MSD) post
morning milking (Day 0). The application of Butox® 7.5 pour-on (MSD)
was performed only once, because the registration instructions of this
product state that it can be applied once at minimum every 4 weeks. At
the same day (Day 0), placebo treatment was also applied once on the
cows of Group B (n=20, control group). All animals (n= 45) of
groups A and B remained in the same pen allowing contact with each
other. Additionally, another group (Group C), consisted of 10 cows, was
left untreated and kept in a separate pen, a long distance away from the
animals of Group A and B, in order to avoid any accidental drug
transfer.

2.3. Milking routine and technical information of the milking machine

According to the milking routine of the farm, all milkers were
wearing disposable plastic gloves, which were discarded after the end
of the milking process of each group of cows. The teats of the cows were
cleaned with warm water and dried with a paper towel individually.
The foremilking (i.e. the removal of the first 2–3 lines of milk) was
performed in every teat before the milking units were attached on the
teats. Immediately after the end of the milking process, the vaccum
supply to the clusters of the milking machine was turned off, to remove
the milk units. Finally, the teats were disinfected with a solution of 1%
iodine, in order to prevent the transmittance of bacteria into the teat
canal.

According to manufacturer guidelines, the milking machine
(Westfalia, Germany) was a “low line” milking machine inspected by
authorized technical personnel every six months. Its vacuum pump was
set at 41 kilopascals, the pulsation rate at 60 cycles per minute and the
pulsation ratio was 60/40. Moreover, the liners of the milking machine
were new as they had been changed just 2 months before the start of the
trial. The cleaning process of the milking machine included the use of
alkaline and acid detergents (Desintec®, Germany) at a ratio 2/1, ac-
cording to manufacturer instructions. Finally, the temperature of the
circulating water at the second phase of the cleaning process was
75–78 °C.

2.4. Fly monitoring

Numbers of flies landing on the animals of all groups (Group A, B, C)
were recorded by direct observation of the animals. This procedure has
been, previously, reported by many fly studies and is considered ac-
curate, when the same observers are used. Thus, inter-observer incon-
sistencies are avoided [18–20]. The fly population was enumerated on
half of the animal’s body from the neck to the start of the tail and from
the spinous processes of the vertebrae to the belly and the lower legs
[18]. Each cow of all groups (n= 55) was observed by the same
blinded person from a distance of about 3–4 meters away and for 2min.
The enumeration of the fly burden, in order to access the long term
repellency, was carried out at Day 0, 10, 20 and 30, at about 11:00 pm.
On Day 0 an additional enumeration was done, 6 h post treatment, i.e.
at about 5:00 am, in order to access the short term repellency of del-
tamethrin.

2.5. Meteorological data

Meteorological data for Larissa (Thessaly, Greece) were obtained
from the Hellenic National Meteorological Service (Athens, Greece).
The mean air temperature and mean relative humidity of the location of
the farm per day of sampling were accessed to determine the possible
effect of weather conditions on fly population of the farm.

2.6. Fly trapping and identification

Ten fly traps (with sticky surface) were set in locations within the
pens at the animals level, but not accessible by them, at equal distances
on Day 0 and 30, in order to capture and identify fly species present in
the farm. These traps (after use) were put individually into plastic bags
and were transported to the Laboratory of Parasitology and Parasitic
Diseases of the Veterinary School of the Aristotle University of
Thessaloniki, where flies were separately transferred into tightly closed
containers (20ml capacity) with a mixture of 70% ethanol and 30%
glycerol [21]. Then, these specimens were identified according to
morphological keys of Wall and Shearer [22] and Couri et al. [23] and
their different species were enumerated.
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2.7. Milk sampling

Milk samples (containing milk from all 4 quarters of each cow) were
taken individually from the total (n= 55) of the cows, starting from
Day 0 and every 10 days for 3 times (Day 10, 20 and 30), after the
single application of Butox® pour-on in Group A. Cows were walked
calmly to the milking parlor, where they were individually restrained,
while milk samples were taken. Teat ends were sanitized using a cotton
ball soaked in 90% isopropyl alcohol. After sample collection, teats
were disinfected with a solution of 1% iodine, in order to prevent the
transmittance of bacteria into the teat canal.

2.8. Somatic cell count (SCC)

The measurement of the somatic cells in each milk sample was
performed with Fossomatic (Foss Company).

2.9. Microbiological profile of the milk samples

Aseptically collected milk samples (as described above) were placed
in isothermal box, under cooled conditions (approx. 4 °C), and were
transported to the “Vet-Analyseis” Veterinary Microbiology Laboratory,
in Larissa (Thessaly, Greece), for bacteriological culture. Briefly, 50 μl
of undiluted milk sample were placed on sheep blood agar (Oxoid
Company) and incubated aerobically at 37 ± 1 °C for 22 ± 2 h.
Samples yielding 3 or more different bacterial species on sheep blood
agar were considered to be contaminated In addition, 50 μl of each
undiluted milk sample as well as one tenfold dilution of each milk
sample were cultured on mannitol salt agar (Oxoid Company) and on
McConkey agar (Biolife Company). These plates were incubated aero-
bically at 37 ± 1 °C for 48 ± 2 h and for 24 ± 2 h, respectively. After
the end of the incubation time, bacteria were identified according to
colony morphology, gram-staining, catalase reaction and other bio-
chemical reactions (i.e. DNAse activity, coagulase test, heamolysis
pattern, lactose, catalase, indole reaction and esculin hydrolysis), as
appropriate. More precisely, for Gram-positive cocci, which were cul-
tivated in mannitol salt agar, catalase-tests were used to differentiate
between catalase-positive staphylococci and catalase-negative cocci.
DNAse activity, colony morphology, coagulase tube test and hemolysis
pattern were used to discriminate S. aureus from CNS. Oxidase negative
E. coli, which were cultivated in McConkey agar, were distinguished
from other coliforms due to the lactose, catalase and indole positive
activity on 44 °C. Finally, catalase as well as esculin negative strepto-
cocci, which were cultivated in sheep blood agar, were identified ac-
cording to the hemolytic reaction. Colonies, on mannitol salt and
McConkey agars, were counted (CFU/ml) in order to estimate the
bacterial population of staphylococci (S. aureus and CNS) and E. coli
[24].

The presence or absence of other environmental bacteria, such as
Enterobacter spp., Citrobacter spp., Pasteurella spp., Proteus spp., and
fungi was estimated according to conventional methods [25]. All the
oxidase negative, lactose positive and lactose negative en-
terobacteriaceae colonies were subcultured from McConkey agar to the
Nutrient agar (Oxoid Company) for further investigation. This process
(subculture to the Nutrient agar) was repeated for the Gram negative,
oxidase positive bacteria of the sheep blood agar. GN-A (convenient 12
substrates identity system for the most commonly isolated En-
terobacteriaceae) and GN-B (24 substrates identity system for the com-
plete range of Enterobacteriaceae and oxidase positive non fastidious
Gram negative bacilli) tests (Microgen Company) were used in order to
identify the above bacteria.

The milk samples were checked for the presence of Mycoplasma spp.
using Eatons agar and broth (prepared in the laboratory). Briefly 0.1 ml
of each milk sample was streaked on Eatons agar [26] and incubated for
3–7 days at 37 °C in a humidified incubator supplied with 5% CO2.
Meanwhile 0.5mL of each milk sample was incubated in 10mL Eatons

broth [26] at 37 °C aerobically. Broth-to-broth passages and subcultures
to agar plates were made twice at 48 to 72-h intervals. Isolates were
purified three times on solid medium, after which a single colony was
selected, transferred to Eatons broth and incubated aerobically for 2–3
days. DNA extraction from mycoplasma broth cultures was carried out
using the QIAmp Tissue kit (QIAGEN, Gmbh, Germany) according to
the manufacturer. The DNA samples were analyzed by multiplex
polymerase chain reaction (PCR) using two sets of primers, specific for
Mycoplasma bovis and the M. mycoides cluster species, respectively.

2.10. Statistical analysis

Both parametric and non-parametric methods were applied for the
statistical evaluation of the data. The assumptions of normality and
homogeneity of variances for the continuous variables were tested
using the Shapiro-Wilk and Levene’s test, respectively. The differences
of the fly population, landing on the cows of Group A, B and C were
evaluated using the non-parametric Kruskal-Wallis test, while differ-
ences between median values of specific groups were evaluated using
the non-parametric Wilcoxon rank sum test (Mann-Whitney U test). The
differences in the proportions of each genera of the identified fly species
(categorical variables) at Day 0 and Day 30 were estimated through the
application of chi-square test. Areas under the curve (AUC) for Day
0–10, Day 10–20 and Day 20–30 were calculated to represent the effect
of the fly repellency using deltamethrin on the microbiological profile
of the collected milk samples due to S. aureus, CNS and E. coli in-
tramammary infections as well as on the SCC in Group A, B and C. The
differences of 0–10, 10–20, 20–30 AUC as well as the total AUC were
evaluated using the parametric one-way ANOVA method, while dif-
ferences between AUC of specific groups were evaluated using the
Bonferroni’s correction. A P value ≤ 0.05 was considered statistically
significant. All analyses were conducted with the statistical software
program SPSS (version 22.0).

3. Results

3.1. Deltamethrin repellency (short and long term)

Deltamethrin application reduced the fly burden within the same
day (Day 0, 6 h post treatment) by 88% in Group A, while the fly
number landing on the animals of Group B (untreated control group)
remained stable. The differences of the mean (± sd) number of fly
population pre/post treatment at Day 0 are presented in Table 1.

In order to calculate the long term deltamethrin repellency, the
enumeration of the fly number landing on the animals of both Groups A
and B was repeated for extra 3 times (Day 10, 20, 30). Significant
(P≤ 0.05) differences of the mean number of flies between deltame-
thrin treated cows (Group A) and untreated ones (Group B) were re-
corded at both Days 10 and 20, while no significant (P > 0.05) dif-
ferences were recorded at Day 30. More precisely, at Day 10 fly number

Table 1
Mean (± sd) number of fly population landing on the cows of all groups (Group
A, B and C) throughout the study period.

Groups

Day A B C

0 (pre) 145a (± 32) 173a (± 24) 167a (± 28)
(post) 17.4a (± 4.1) 178b (± 39.8) NA

10 12.4a (± 4.3) 206.5b (± 48.2) 202.4b (± 23.4)
20 10.5a (± 2.7) 214.6b (± 35.6) 205.2b (± 32.9)
30 7.3a (± 2.5) 7.8a (± 3) 234b (± 35.5)

a,bDifferent uppercase letters in each row indicate statistical differences of the
mean (± sd) number of fly population per day of sampling among the groups
(P≤ 0.05).
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increased in untreated control group (Group B), but tended to decline
on deltamethrin treated animal (Group A). At Day 20, the mean (± sd)
number of flies in Group B reached 214.6 (± 35.6), while the corre-
sponding one of Group A was 10.5 (± 2.7). Finally, at Day 30 the mean
(± sd) number of flies minimized in both Groups A and B, reaching 7.3
(± 2.5) and 7.8 (± 3), respectively. The differences of the mean
(± sd) number of fly population at Day 10, 20 and 30 are presented in
Table 1.

The enumeration of the fly burden landing on the cows of Group C
was carried out at the same days (Day 0, 10, 20, 30), as described
above. More precisely, the mean (± sd) number of flies per day of
sampling was 167 (± 28), 202.4 (± 23.4), 205.2 (± 32.9) and 234
(± 35.5), respectively. There were no significant (P > 0.05) differ-
ences of the mean number of flies between Group B and C at Day 0, 10
and 20. At Day 30, significant (P≤ 0.05) differences of the mean
number of flies between Group B and C were recorded. The differences
of the mean (± sd) number of fly population in both Group B and C
throughout the study are presented in Table 1.

3.2. Meteorological data

Climatic conditions for the location of the farm (Larissa, Thessaly,
Greece) were typical for the season of the year (May and June 2016)
according to the Hellenic National Meteorological Service. More pre-
cisely, at Day 0, 10, 20 and 30 the mean (± sd) air temperature was
31.6 (± 3.2)°C, 24.8 (± 2.6)°C, 26.9 (± 4.4)°C and 26.7 (± 5.1)°C,
respectively and the mean (± sd) relative humidity was 38.8
(± 12.3)%, 39.4 (± 10.6)%, 45.5 (± 9.6)% and 36.3 (± 13.4)%,
respectively.

3.3. Fly identification

The most prevalent fly species caught on the traps were Musca do-
mestica at a percentage of 73.6%, followed by Haematobia spp.,
Stomoxys calcitrans, Simulium spp. and other minor species at 11.3%,
6.3%, 3.8% and 5%, respectively. There were no significant (P > 0.05)
differences in the proportions of each fly genera identified in all groups
of cows, throughout the trial.

3.4. Major pathogens

Microbiological analysis of milk samples, taken on Day 0, demon-
strated S. aureus intramammary infections. According to the mean
curves of S. aureus infection (Fig. 1), the isolation rate of S. aureus
(CFU/ml) in deltamethrin treated cows (Group A) was decreased from
Day 0 to 30, reaching at low levels (2375.71 ± 987.03 CFU/ml). The
mean number of S. aureus colonies, cultured from the milk samples of
the untreated control cows (Group B), remained stable from Day 0 to
20, while at Day 30 reached similar low levels with Group A (Fig. 1).
Significant (P≤ 0.05) differences of the mean (± sd) total AUC, re-
garding S. aureus intramammary infections, were recorded between
deltamethrin treated group (Group A) and untreated control group

(Group B), favoring the first one (Table 2). In other words, fly re-
pellency reduced faster S. aureus intramammary infections in Group A
than in Group B. The differences of mean (± sd) S. aureus AUC among
the different days of sampling are presented in Table 2.

The mean number of CNS colonies (CFU/ml), enumerated in milk
samples of deltamethrin treated animals (Group A), followed a stable
reduction rate throughout the study (Fig. 2). On the contrary, the iso-
lation rate of CNS (CFU/ml) increased according to the bacteriological
cultivation of the milk samples of the untreated control animals (Group
B) from Day 0 to 20, following a markedly reduction of the mean
number of their colonies (CFU/ml) until Day 30 (Fig. 2). According to
one-way ANOVA method, the mean (± sd) total AUC regarding CNS
intramammary infections revealed that the cows dressed on their back
with the fly repellent, deltamethrin reduced significantly (P≤ 0.05) the
shedding rate of CNS in milk samples compared to the untreated one
(Table 2), leading to improvement of the intramammary infections
status. The differences of mean (± sd) CNS AUC among the different
days of sampling are presented in Table 2.

According to the mean curves of E. coli infection (Fig. 3), the iso-
lation rate of E. coli (CFU/ml) reduced significantly in deltamethrin
treated cows (Group A) from Day 0 to 30, reaching at low levels
(mean ± sd, 1017.27 ± 562.23 CFU/ml). The mean (± sd) number
of E. coli colonies (CFU/ml), cultured from the milk samples of the
untreated control cows (Group B), increased slightly from Day 0 to 10,
following a markedly reduction of their mean number (CFU/ml) from
Day 10 to 30 (Fig. 3). Significant (P≤ 0.05) differences of the mean
(± sd) total AUC, regarding E. coli intramammary infections, were
recorded between deltamethrin treated group (Group A) and untreated
control group (Group B). In other words, fly repellency reduced faster E.
coli intramammary infections in Group A than in Group B (Table 3). The
differences of the mean (± sd) E. coli AUC among the different days of
sampling are presented in Table 3.

The mean (± sd) number of S. aureus colonies (CFU/ml), en-
umerated in milk samples of the untreated control group C, remained
stable throughout the study i.e. 17532 (± 2516.53) CFU/ml, even
though a slight increase of their mean number (CFU/ml) was recorded
at Day 30. Significant (P≤ 0.05) differences of the mean (± sd) AUC
from Day 20 to 30, regarding S. aureus intramammary infections, were
recorded between Group B and C. More precisely, the mean (± sd)
20–30 AUC for Group B and C was 82360.75 (± 13221.21) and
163453.32 (± 29562.79) respectively.

At the same frame, CNS and E. coli colonies (CFU/ml) counted in
milk samples of Group C remained stable from the start (Day 0) to the
end (Day 30) of the study, with a mean (± sd) number at 2956.73
(± 675.32) CFU/ml and 10234.42 (± 2375.62) CFU/ml, respectively.
It must be mentioned that the mean (± sd) AUC from Day 20 to 30
regarding CNS and E. coli intramammary infections presented sig-
nificant (P≤ 0.05) differences between Group B and C, with the second
one of Group C to be higher than of Group B.

All milk samples tested were negative for the presence of
Mycoplasma spp. and Trueperella pyogenes.

3.5. Less major pathogens

Other pathogens of less significance, occasionally related to in-
tramammary infections of dairy cattle farms, include species of the
genera Enterobacter, Citrobacter, Proteus and Pasteurella. In our study,
the first three microorganisms were mostly identified in milk samples of
all groups at the start of the experimental period (Day 0), falling to zero
numbers at Day 30. More precisely, 7 and 10% of the milk samples were
positive for the presence of Enterobacter spp in Groups A and B, re-
spectively, at Day 0. Regarding Citrobacter spp. and Proteus spp., 2 and
2.5% of the milk samples were positive for the presence of these mi-
croorganisms, respectively (Day 0), while Pasteurella spp. have been
identified only in 2% of the milk samples in both cow groups at Day 10.

Fig. 1. Mean curves showing the effect of the fly repellent on S. aureus in-
tramammary infections (CFU/ml) between deltamethrin treated group (Group
A) and untreated control group of cows (Group B).
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3.6. Somatic cell count (SCC)

According to the mean curves of SCC, the mean (± sd) number of
SCC in deltamethrin treated cows (Group A) followed a stable reduction
rate from Day 0 to 30, i.e. from 1029 (± 867.11)*103 cells/ml at Day 0
to 546.82 (± 123.23)*103 cells/ml at Day 30 (Fig. 4). In the untreated
control group of cows, housed together with the treated ones (Group B),
SCC increased from Day 0 to 20, leading to severe intramammary in-
fections (> 1.600*103 cells/ml). However, at Day 30, a reduction of the

mean number of SCC in Group B had been also recorded, following the
reduction of S. aureus, CNS and E. coli infection of the mammary gland
due to fly repellency. Significant (P≤ 0.05) differences of the mean
(± sd) total SCC AUC (Table 3) were recorded between deltamethrin
treated group of animals (Group A) and untreated control one (Group
B). The application of deltamethrin on the animals of Group A de-
creased SCC in milk samples, due to reduced shedding rate of S. aureus,
CNS and E. coli in the same milk samples (Table 3). The differences of
the mean (± sd) SCC AUC among the different days of sampling are
presented in Table 3.

In our study, 8 cows from deltamethrin treated group (Group A) at
the start had SCC less than 200.000 cells/ml and this remained
throughout the study period. Therefore, there is a strong evidence that
uninfected cattle are less likely to become infected when carrying re-
duced fly burdens.

The mean (± sd) number of SCC, enumerated in milk samples of
the untreated control group C, presented a constantly increase rate from
Day 0 to 30 reaching at 1611.71 (± 556.21)*103 cells/ml. Significant
(P≤ 0.05) differences of the mean (± sd) SCC AUC from Day 20 to 30
were recorded between Group B and C. More precisely, the mean
(± sd) 20–30 SCC AUC for Group B and C was 13468.85
(± 3481.49)*103 cells/ml and 16453.32 (± 2478.93)*103 cells/ml,
respectively.

Table 2
Mean (± sd) areas under the curve (AUC) of the deltamethrin treated group (Group A) compared to the untreated control group of cows (Group B) regarding changes
of S. aureus and CNS intramammary infections (CFU/ml) throughout the study period.

Staphylococcus aureus Coagulase negative staphylococci

Day AUC Group A AUC Group B AUC Group A AUC Group B

0-10 116475.00a (± 18673.23) 179645.85b (± 21523.13) 29928.80a (± 7569.78) 37892.85b (± 6586.03)
10-20 33458.30a (± 5123.19) 164633.25b (± 24332.00) 18830.80a (± 12398.65) 52250.00b (± 19436.34)
20-30 26861.85a (± 4351.45) 82360.75b (± 13221.21) 10040.85a (± 3985.81) 29232.15b (± 11337.00)
Total 176795.15a (± 33423.27) 426639.85b (± 82332.32) 58800.45a (± 28569.84) 119375.00b (± 38593.73)

a,bDifferent uppercase letters in each row indicate statistical differences of the mean (± sd) AUC between Group A and B throughout the study period (P≤ 0.05).

Fig. 2. Mean curves showing the effect of the fly repellent on CNS in-
tramammary infections (CFU/ml) between deltamethrin treated group (Group
A) and untreated control group of cows (Group B).

Fig. 3. Mean curves showing the effect of the fly repellent on E. coli in-
tramammary infections (CFU/ml) between deltamethrin treated group (Group
A) and untreated control group of cows (Group B).

Table 3
Mean (± sd) areas under the curve (AUC) of the deltamethrin treated group (Group A) compared to the untreated control group of cows (Group B) regarding changes
of E. coli intramammary infections (CFU/ml) and SCC (*103 cells/ml) throughout the study period.

Escherichia coli Somatic cell count

Day AUC Group A AUC Group B AUC Group A AUC Group B

0-10 80092.55a (± 53245.67) 105867.40b (± 43478.06) 8570.00a (± 1843.00) 13154.00b (± 3296.87)
10-20 34367.55a (± 11234.32) 102086.10b (± 32749.39) 6217.55a (± 2649.76) 16052.50b (± 5612.21)
20-30 10530.10a (± 2375.38) 54400.00b (± 19472.81) 5402.30a (± 1004.57) 13468.85b (± 3481.49)
Total 124990.20a (± 47821.58) 262353.50b (± 84286.01) 20189.85a (± 5623.69) 42675.35b (± 18932.39)

a,bDifferent uppercase letters in each row indicate statistical differences of the mean (± sd) AUC between Group A and B throughout the study period (P≤ 0.05).

Fig. 4. Mean curves showing the effect of the fly repellent on Somatic cell count
(*103 cells/ml) between deltamethrin treated group (Group A) and untreated
control group of cows (Group B).
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4. Discussion

The aim of this study was to assess the possible effect of the fly
repellency, using deltamethrin, on the microbiological profile (S.
aureus, CNS and E. coli) of the intramammary infections in one Greek
dairy cattle farm under intensive management, during peak fly season.
SCC was recorded to support the microbiological findings.

In countries with temperate climatic conditions, such as Greece,
flies express a temperature-moisture dependent appearance which co-
incides with spring and early summer [27]. This time of the year, flies
reach at their peak numbers causing not only welfare but also pro-
ductivity problems [10,11]. According to meteorological data from the
Hellenic National Meteorological Service (Athens, Greece), the combi-
nation of mean temperature and mean relative humidity for the loca-
tion of the farm (Larissa, Thessaly, Greece) were typical for the season
of the year (May and June 2016), favoring increased fly activity [10].

In our study, Musca domestica and Stomoxys calcitrans were the two
most commonly identified fly species with a percentage of 76.6 and
12.3%, respectively. Up to date, there was no information regarding the
fly species that are found in Greek cattle farms and therefore no com-
parisons can be made. Another study, under tropical climatic conditions
of Baghdad (Iraq), conducted by Hassan and Alkafagi [28], revealed the
presence of 97.8% Musca domestica and 2.2% Stomoxys calcitrans.
During a study at Beni-Suef (Egypt) of Mohammed et al. [29], it was
concluded that the most predominant species were the biting midges,
followed by Musca domestica (18.31%) and Stomoxys calcitrans (7.74%).

Flies act as vectors for several pathogens [29,30], such as S. aureus
[5], CNS [31] and E. coli [32]. These bacteria, which are carried out on
proboscis and hairs of the flies’ body and feet [33], are transmitted to
the udder and teats of the cows through direct contact leading to both
clinical and subclinical intramammary infections [34].

S. aureus is one of the most commonly found etiological causes of
contagious mastitis in dairy cattle farms [5,8]. S. aureus is a natural
habitat of the external skin of the mammary gland (teat and udder) [14]
and once entry is achieved, it infects the mammary gland of the cow
(especially the milk secreting tissues) causing mastitis [35]. In our
study, the cows dressed on their back with deltamethrin (Group A)
presented a lower shedding rate of S. aureus than the untreated ones
(Group B). This is due to the fact that the fly repellent, deltamethrin
reduced the number of flies on the animals of Group A, facilitating a
reduced transmission of S. aureus and therefore, reduced intramammary
infections. Anderson et al. [5] found that 13.6% of positive milk sam-
ples for S. aureus (in 3 dairy cattle farms of North Carolina) to be 8
times likely to had been transmitted by horn flies.

Many researchers have identified S. aureus as a major cause of heifer
mastitis in dairy cattle farms. It is worth noted that heifers’ infections
represents almost one third of the new cases of S. aureus mastitis [9].
This is due to the fact that S. aureus can be transmitted from the infected
mammary gland of the cows to unbred and pregnant heifers, especially
with vectors such as flies [7,13,36]. The percentages of infection with S.
aureus, among heifers, range from 0.6 to 8% [31]. Ryman et al. [14]
reported a much higher (59.5%) prevalence of S. aureus intramammary
infections in heifers than this reported by Fox et al. [31]. According to
Ryman et al. [14], this result was attributed to the role that horn flies
play in the spread of S. aureus infections. Another study, conducted by
Oliver et al. [9], agreed with the above findings supporting that cows in
lactation period were a source of S. aureus infection; thus leading to
increased cases of heifer mastitis (spread of the disease) in the absence
of fly control programs in the farm.

CNS have been considered as less important pathogens, associated
with either clinical or subclinical intramammary infections [34]. Due to
the fact that they, commonly, colonize the teat skin, teat end and teat
canal of the cow, it is difficult to estimate if these are the cause of
mastitis or simply teat end contaminants [13]. Considering that there is
little information available regarding the epidemiology and transmis-
sion routes of CNS [37], these bacteria have been associated with a

moderate increase in milk SCC while, in rare cases, have been involved
in clinical mastitis [38]. In our study, the total AUC regarding CNS
intramammary infections revealed a lower shedding rate of these bac-
teria in cows of Group A than in cows of Group B. Mohammed et al.
[29] reported 18.2% and 9.1% infection of Musca domestica and Sto-
moxys calcitrans, respectively, with CNS. In heifers, these bacteria are
considered the primary cause of intramammary infections, associated
with subclinical mastitis near calving [34]. Ryman et al. [14] found
64.3% prevalence of CNS intramammary infections among heifers.

Considering that other major causes of mastitis (e.g. S. aureus) were
identified in milk samples, CNS might have not been the main patho-
gens causing mastitis, but the result of teat contamination or poor hy-
giene. In cases were CNS is the cause of mastitis, then the cultural
isolation should produce pure growth of CNS [38]. Unfortunately, CNS
isolated from the milk samples examined in our study, were not iden-
tified at species or strain level.

Several authors reported an increasing rate of E. coli mastitis, de-
spite the fact that worldwide the cases of bovine mastitis have been
reduced [39,43]. E. coli is the second (after Streptococcus uberis) most
prevalent environmental bacteria causing intramammary infections. It
is present in large numbers in feces and therefore, it can infect primarily
dairy cows under the intensive management system, when conditions
are wet and humid or the hygiene is poor [38]. According to Nevala
et al. [40], in Finland, the mastitis cases caused by E. coli were fewer
than 20%, while Shpigel et al. [41] and Shpigel et al. [42] reported a
higher percentage (60%) of E. coli mastitis in Israel. One interesting
point is that E. coli does not adhere to the teat and udder endothelium,
leading, in most cases, to self recovery [38].

The association between the fly burden and intrammamary infec-
tions of the cows through transmission of several pathogens (e.g. E. coli)
has been established by many surveys [43,47–49]. Flies, including M.
domestica, H. irritans and S. calcitrans, play an active role in spreading of
E. coli strains among cows, leading to mastitis [5,43]. This association
reinforces the significance of controlling fly population in dairy cattle
farms in order to prevent the transmission of these pathogens. In our
study, fly repellency using deltamethrin reduced the fly burden of the
treated cows (Group A) leading to quick reduction of E. coli excretion in
milk samples.

Interestingly, the untreated cows of Group B also presented low
numbers of S. aureus, CNS and E. coli colonies in milk samples from Day
20 to 30. According to pharmacokinetics of deltamethrin, cattle may
excrete active metabolites of this drug in feces and urine [44]. For this
reason, the breeding success of flies in dairy cattle farms under in-
tensive management is decreased, leading to a significant reduction of
the fly population of the farm [16]. Another possible explanation is that
the co-existence of both cow groups allowed the cows to lick each other
and therefore, to ingest deltamethrin [45,50].

Summer mastitis (a special form of mastitis) has a different ae-
tiology and epidemiology compared to other forms of mastitis.
Trueperella pyogenes is the most frequent isolated among other bacteria
and is responsible for severe necrosis and destruction of the infected
quarter of the mammary gland of the cow [12]. The major mean of
transmission of this type of mastitis is thought to be Hydrotaea irritans, a
blood sucking fly [12,51]. In cattle farms, high numbers of Hydrotaea
irritans have been detected on the ventral abdomen and udder, and
since the microorganisms involved in summer mastitis have been iso-
lated from these flies, there is a strong evidence that these flies can
transmit the disease. One survey, conducted in Sweden from 2002 to
2003, revealed the presence of Trueperella pyogenes in 64 out of 987
(6.1%) udder quarters milk samples [52], while this percentage was
lower in New York State, reaching 1.0% for multiparous cows [53]. In
our study, Trueperella pyogenes and Hydrotaea irritans were not isolated.

Intramammary infections usually fluctuate between subclinical and
clinical state [46]. Cows with subclinical mastitis have higher possibi-
lity to develop clinical mastitis than are uninfected cows [46]. SCC is
the number of white blood cells and epithelial cells, present in milk, as
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distinguished from invading bacterial cells [38]. Individual somatic cell
count consists the best indicator to discriminate mastitis category, as
SCC over 200.000 indicates subclinical mastitis [46]. In our study, the
high numbers of SCC indicated severe intramammary infections of the
cows. The application of deltamethrin reduced fly infestation, leading
to lower shedding rate of the responsible bacteria for intramammary
infections (e.g. S. aureus, CNS and E. coli) in milk samples. This reduced
shedding resulted in lower number of SCCs in the same milk samples.

In order to confirm that there were no significant changes of the fly
population in the farm due to reasons other than the use of deltame-
thrin, i.e. environmental factors, enumeration of the number of flies as
well as full microbiological control of the milk samples of Group C
cows’ were performed. At Day 30, the comparison of fly burden, in
Group B and C, enhanced the possible explanations regarding the re-
duction of the mean fly population in untreated control group of cows
(Group B) from Day 20 to 30. In addition, the mean numbers of S.
aureus, CNS and E. coli intramammary infections and SCC in milk
samples of Group C remained in high levels at the end of the study,
something that was confirmed by the significant differences of the
20–30 AUC of these parameters. Therefore, the reduction of the mean
fly burden as well as of the shedding rate of S. aureus, CNS, E. coli and
SCC were largely attributed to the application of the fly repellent,
deltamethrin.

Consequently, there is a clear relationship between fly abundance
and transmission of pathogens predisposing to intramammary infec-
tions in the dairy cattle farm where the study was conducted. The use of
the pyrethroid, deltamethrin, reduced fly abundance and therefore, the
possibility of transmitting pathogenic bacteria in the mammary gland.
Finally, this finding aids the reduction of the use of antibiotic treatment
of mastitis and therefore minimizes the antibiotic resistance, a very
important issue within the «One Health» aspect.

5. Conclusions

This study, conducted in one dairy cattle farm of Greece, showed
evidence that fly abundance plays a significant role in the development
of intramammary infections among dairy cows, enhancing the role of
flies as possible vectors for pathogens provoking intramammary infec-
tions. After the administration of the fly repellent, deltamethrin, a de-
crease of pathogens and SCC was observed, after the reduction of the fly
population, suggesting that fly control should be included in a mastitis
management strategy. Finally, more research should be done in a larger
scale study in order to investigate this relationship.
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