
L
1

V
W
J
a

C
b

e
c

C
d

e

a

A
R
R
2
A
A

K
H
T
A
D

1

B
m

G

m
w
w
(

h
1

Ticks and Tick-borne Diseases 8 (2017) 379–384

Contents lists available at ScienceDirect

Ticks  and  Tick-borne Diseases

j ourna l h o me page: w ww.elsev ier .com/ locate / t tbd is

ife  cycle  and  parasitic  competence  of  Dermacentor  nitens  Neumann,
897  (Acari:  Ixodidae)  on  different  animal  species

inicius  da  Silva  Rodriguesa,  Marcos  Valério  Garciab,  Breno  Cayeiro  Cruzc,
illian  Giquelin  Maciel c,  Namor  Pinheiro  Zimmermannd, Wilson  Werner  Kollere,

acqueline  Cavalcante  Barrose,  Renato  Andreotti e,∗
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a  b  s  t  r  a  c  t

The  objective  of  this  study  was to  evaluate  the life  cycle  and  parasitic  competence  of Dermacentor  nitens
(Neumann,  1897)  on  different  animal  species.  Experimental  infestations  were  induced  in five specimens
each  of seven  species  of possible  hosts:  rabbits,  horses,  sheep,  cows,  guinea  pigs,  birds  and  dogs.  Rabbits
were  infested  in  the ear  using artificial  feeding  chambers,  and  the  horses,  sheep,  cows  and  dogs  were
infested  in  the  ear  without  feeding  chambers.  For  the  infestation  of  guinea  pigs,  artificial  feeding  chambers
were fixed  on  the  back.  Birds  were  infested  by  placing  larvae  on  the  back and  under  the  wings  without  the
use  of  chambers.  All  animals  were  inspected  daily  until  the  end  of  the  parasitic  phase  (when  the  engorged
females  detached).  The  average  period  of engorgement  was  25.1  days  on  a  horse,  with  larvae  requiring
8  days  and  nymphs  9 days  to reach  engorgement;  the  average  weight  of  engorged  females  was  271.4  mg;
the  average  weight  of  egg  batches  produced  was  159.3  mg, and  the  feed  conversion  rate  was  56.8%.  On
rabbits,  the  average  engorgement  period  was  27.6  days,  larvae  and  nymphs  reached  engorgement  after

7.4  and  11  days,  respectively,  the  average  weight  of  an  engorged  female  was 108.4  mg  and  the  egg mass
was  30.6  mg.  The  feed  conversion  rate on  rabbits  was 30%.  Cows,  sheep,  guinea  pigs,  dogs  and  birds  were
not  competent  hosts,  since  no engorged  females  were  recovered.  Rabbits,  when  artificially  infested,  can
be used  as  an  alternative  host  for the  maintenance  of  these  ticks in  the  laboratory.  The  parasitic  specificity
of  D.  nitens  for horses  was demonstrated  in  this  study.

© 2016  Elsevier  GmbH.  All  rights  reserved.
. Introduction
The tick Dermacentor nitens is widely distributed within the
razilian territory and is an important ectoparasite that affects ani-
al  health by transmitting Babesia caballi among equines, which
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causes equine babesiosis (Roby and Anthony, 1963). The vector
capacity of D. nitens for pathogens related to public health remains
unknown; however, agents pathogenic to humans have been pre-
viously detected (Bermudez et al., 2009; Gonç alves et al., 2013).

Of the tick species that parasitize equines, D. nitens is the most
common, and high infestations may  promote a reduction below
the minimum normal reference of red blood cells of these animals,
increasing their susceptibility to diseases (Labruna et al., 2002). D.
nitens is a one-host tick, with equines as the primary host, hav-
ing a preference for infesting ears, perineum, nasal diverticulum

and the mane (Labruna et al., 2002; Borges and Leite, 1993; Borges
et al., 2000). High infestations may  cause lesions on ears, resulting
in permanent cartilage damage, in addition to creating favorable
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onditions for myiasis and the initiation of secondary infections
Labruna and Amaku, 2006).

In the southeast region of Brazil, D. nitens has 3–4 generations
nnually (Borges et al., 2000; Labruna et al., 2002). According to
abruna et al. (2002), the highest peaks of tick infestation occur in
he first semester of the year, followed by a drastic reduction that
ccurs in August, with a new peak in September and October.

Although equines are the primary host, natural infestations are
eported in other domestic and wild animals (Borges and Silva,
994; Ferreira et al., 2009; Martins et al., 2015; Rocha, 1985), and
nder experimental conditions, rabbits, guinea pigs and bovines
ave been infested (Drummond et al., 1969; Serra Freire and
iziara, 1989).
To study tick biology and ecology, their parasite-host inter-

ctions, and the relation with pathogens they transmit, the
mportance of maintaining colonies of these ectoparasites in con-
rolled conditions cannot be disputed. However, the maintenance
f natural hosts may  be expensive or difficult for operational rea-
ons (Bonnet and Liu, 2012); therefore, the use of alternative hosts,
hich are easily handled, is both useful and practical.

To improve the understanding of the differences among pop-
lations, it is necessary to determine the occurrence, biology and
cology of this tick species in different geographical regions. In this
tudy, the objective was to evaluate the parasitic competence of D.
itens on different hosts under experimental conditions.

. Materials and methods

.1. Study location

The study was performed on the Embrapa Gado de Corte Exper-
mental Farm at the following geographical location: lat 20◦25′03′′

, long 54◦42′20′′ W;  Animal Health sector, municipality of Campo
rande, state of Mato Grosso do Sul, in the center-west region of
razil.

.2. Animal use

The Ethics Commission on the Use of Animals/CEUA of the
ederal University of Mato Grosso do Sul/UFMS, under protocol
umber 699/2015, approved this study. In this study, five speci-
ens were used for each host species, which were rabbits, horses,

heep, cows, guinea pigs, chickens and dogs. For infestation of
orses, bovines and sheep, 1000 larvae were used in each ani-
al; 300 larvae were used for the other hosts. For infestation we

sed plastic syringes adapted as described by Labruna and Amaku
2006).

.3. Ticks used for infestation

Unfed D. nitens larvae used for infestations were obtained
rom engorged females collected from naturally infested horses
n the region of the study. Engorged females were maintained in
.O.D. incubators at 28 ◦C (82.4 ◦F) and 80% humidity for posture,

ncubation and larval hatching. All larvae used in experimental
nfestations were between 20 and 30 days in age (Fig. 1H), according
o the recommendation of Labruna and Amaku (2006).

.4. Experimental infestation in rabbits

Rabbits (Oryctolagus cuniculus) of the New Zealand breed, with

o previous tick contact and without distinction of gender, were
aintained in individual cages and supplied with a balanced ration

nd water ad libitum.  Their ears were infested with the aid of arti-
cial tick feeding chambers made with fabric and adhered to the
orne Diseases 8 (2017) 379–384

base of the ears. The chambers were fixed with atoxic glue, accord-
ing to modified techniques of Oliveira et al. (1974) and Szabó et al.
(1995).

2.5. Experimental infestation on equines

Adult horses (Equus caballus) without a defined breed were kept
in paddocks with Cynodon spp. pasture, ad libitum water and a
balanced ration provided twice a day. During the infestation and
evaluation procedures, animals were manually restrained, with the
aid of halter. The ear and perineal region were infested without the
use of feeding chambers.

2.6. Experimental infestation on ovines

Sheep (Ovis aries) were kept in individual stalls and fed with a
balanced ration and with ad libitum access to water. Only females
from the Santa Inês breed were used. The ears of the animals and the
perineum area were infested without the use of feeding chambers,
as described for equines.

2.7. Experimental infestation on bovines

Angus heifers (Bos taurus)  were used. For the infestations, ani-
mals were kept in individual stalls, fed with a balanced ration and
given water ad libitum.  These heifers were manually restrained with
halter and the ears were infested without the aid of artificial feeding
chambers.

2.8. Experimental infestation on guinea pigs

Guinea pigs (Cavia porcellus) were kept in individual cages, fed
with a balanced ration and given water ad libitum.  Only animals
without previous contact with ticks, of both sexes, were used. The
infestation process used artificial feeding chambers fixed on the
backs of the animals, as previously described.

2.9. Experimental infestation on birds

Domestic chickens (Gallus gallus),  were kept in individual cages,
fed with a balanced ration and given water ad libitum. Animals with-
out distinction of gender and without previous contact with ticks
were used. The animals’ backs and the region under their wings
were infested, without the use of feeding chambers.

2.10. Experimental infestation on dogs

Adult dogs (Canis familiaris), with no defined breed and without
distinction of gender, were selected and kept in individual kennels,
fed with adequate rations and given water ad libitum. The ears were
infested without the use of feeding chambers.

2.11. Monitoring biological parameters of ticks

Artificially infested animals were monitored daily. The dura-
tion of the entire parasitic phase was  observed with evaluations
of the larval parasitic period, nymphal parasitic period and female
parasitic period.

To evaluate the tick’s nonparasitic phase in laboratory con-
ditions, after complete engorgement, detached females were

collected, individually weighed and then maintained in a B.O.D.
incubator chamber at 28 ◦C and 80% humidity.

The following biological parameters were evaluated, according
to Szabó et al. (1995): engorged female weight; pre-oviposition
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ig. 1. Parasitic and free-living phases of Dermacentor nitens.  A: Larvae feeding on a
arvae  feeding on a horse. E: Arrow points to nymphs feeding on a horse. F: Females

eriod; egg mass weight; egg mass conversion ratio; incubation
eriod; and larval hatching rate.

.12. Quantitative determination of eggs produced

To quantify the number of eggs, 28 engorged females were col-
ected from horses and were kept individually in vials for egg laying
hat were maintained in a B.O.D. incubator at 28 ◦C and 80% relative
umidity. Fifteen days after oviposition, egg masses were weighed

ndividually on an analytical scale and all eggs were counted. A glyc-
rin and alcohol solution was used to separate the eggs, and eggs
ere counted in Petri dishes with the use of a stereomicroscope,

weezers and stylets. To determine the quantity of eggs per gram
f mass, the following formula was used:

Eggs per gram = number of eggs/egg mass weight in mil-
igrams × 1000

.13. Data analyses

The statistical software package IBM SPSS Statistics version 20
as used to evaluate the biological parameters in this study. For
escriptive statistical analyses, the U test of Mann-Whitney was
sed, with variables considered significant when p < 0.05.

. Results

.1. Experimental infestation on equines

In the parasitic phase of D. nitens on horses, the average larval
arasitic period, which includes engorgement and premolt peri-

ds, was eight days (Fig. 1D), the average nymphal parasitic period
hich includes engorgement and premolt periods, was  nine days

Fig. 1E), and the engorgement of females until detachment was
.1 days (Fig. 1F); therefore, the parasitic phase was completed in
t. B: Nymphs feeding on a rabbit. C: Females feeding on a rabbit. D: Arrow points to
g on a horse (perianal area). G: Ovipositing female with egg mass. H: Unfed larvae.

25.1 days (Table 1). The average weight of an engorged female was
271.4 mg,  with maximum and minimum values of 427.2 mg  and
105.4 mg,  respectively. For the pre-oviposition period, the average
was 4.6 days. The average egg mass weight was 159.3 mg  (Fig. 1G),
with a total feed conversation rate of 56.8%. The average incuba-
tion period was 25.7 days, and the hatching rate was 95.5% (Table 2).
Based on these results, the average D. nitens life cycle was 55.4 days.

3.2. Experimental infestation on rabbits

Using rabbits as hosts, the average larval parasitic period, which
includes engorgement and premolt periods, was 7.4 days (Fig. 1A),
the average nymphal parasitic period, which includes engorgement
and premolt periods, was 11 days (Fig. 1B), and the period of female
engorgement until detachment was 9.2 days (Fig. 1C). Therefore,
the parasitic phase was  completed in 27.6 days (Table 1). The aver-
age engorged female weight was  108.4 mg,  and the maximum and
minimum values were 200 mg  and 69.9 mg,  respectively. The pre-
oviposition period was 4.2 days. The average egg mass weight was
30.6 mg,  resulting in a feed conversion rate of 30%. The average
incubation period was  30.7 days, and the hatching rate was 96%
(Table 2). The average D. nitens life cycle, when parasitizing rabbits,
was 62.5 days.

3.3. Experimental infestation on other host species

The infestation of D. nitens on guinea pigs was  unsuccessful
because no engorged females were recovered. Two guinea pigs had
larvae attach, which remained attached for eleven days, however,
after this observation, the ticks naturally detached (Table 1).
As with guinea pigs, cows were not competent hosts for D.  nitens.
Larvae attached to the ear of only one bovine and those remained
attached for only seven days before detaching, similar to tick behav-
ior with guinea pigs (Table 1).
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Table 1
Averages, Standard Deviations and Intervals (between parenthesis) related to the parasitic phase of Dermacentor nitens in different hosts, submitted to artificial infestations
in  Campo Grande, MS,  Brazil. Values on the same column, followed by different letters, are significantly different (p < 0.05).

Host species Length, in days, for each period of the parasitic phase of D. nitens

Larval parasitic
period

Nymphal parasitic
period

Female parasitic
period

Parasitic phase

Equus caballus 8.0 ± 0.57
(7.0–9.0)

9.0 ± 0.57a

(8.0–10.0)
8.1 ± 0.37
(8.0–9.0)

25.1a ± 0.37
(25.0–26.0)

Oryctolagus cuniculus 7.4 ± 0.54
(7.0–8.0)

11.0 ± 0.7b

(10.0–12.0)
9.2 ± 1.92
(7.0–12.0)

27.6b ± 1.34
(27.0–30.0)

Cavia  porcellus 11.0* – – –
Bos  taurus 7.0** – – –

–Values were not obtained.
* It was  possible to observe larvae engorgement in only one animal.

** Larvae remained fixed during the period, however did not engorge.

Table 2
Averages, Standard Deviations and Intervals (between parenthesis) of the biological parameters of Dermacentor nitens fed in different hosts and maintained in controlled
conditions of temperature (28◦C) and humidity (80%). Values on the same column, followed by different letters, are significantly different (p < 0.05).

Host Species Engorged female
weight (mg)

Pre-oviposition
period (days)

Egg mass weight
(mg)

Feed conversion
ratio (%)

Incubation period
(days)

Larvae hatching
rate (%)

Equus caballus 271.4a ± 66.1 4.6a ± 0.5 159.3a ± 45.9
267.0)

56.8a ± 5.9 25.7a ± 1.3 95.5a ± 7.9

11.2
66.0)
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(105.4–427.2) (3.0–6.0) (41.0–
Oryctolagus cuniculus 108.4b ± 33.3

(69.9–200.0)
4.2b ± 0.8
(2.0–6.0)

30.6b ±
(13.0–

Infestations of D. nitens on birds, dogs and sheep were not suc-
essful, and no attached larvae was observed in the infestation
ocation or elsewhere on the bodies of these animals. Therefore,
or this tick species, birds, dogs, and sheep were not competent
osts.

.4. Quantitative determination of egg number in masses

The average count was 18,422.4 eggs per gram of egg mass, with
aximum and minimum values of 21,761.1 and 16,639.1, respec-

ively (Table 3).

. Discussion

Most data regarding the biology and ecology of this tick in Brazil
re at least a decade old, based on studies performed in the south-
ast region of the country (Borges et al., 1999, 2000, 2002; Labruna
t al., 2001, 2002; Labruna and Amaku, 2006; Sanavria and Prata,
996). However, because of these limitations, the specific charac-
eristics of geographically distinct populations, such as those in the
enter-west region of the country, must also be investigated. Addi-
ionally, the currently available information may  require updating
ecause of climate changes in recent years, which can alter the
iological and ecological behavior of the ectoparasite.

Sanavria and Prata (1996) examined the parasitic phase of this
ctoparasite’s life cycle on equines in the southeast region of Brazil
nd obtained similar results to those found in this study. The excep-
ions were the length of time required for female engorgement,
hich was 10 days in their study compared with 8.1 days in this

tudy, and the parasitic phase of D. nitens,  which was  28 days in their
tudy compared with only 25.1 days in this study. The results found
n this study for rabbits were similar to those obtained by Sanavria
nd Prata (1996), most likely because rabbits are not preferential
osts.

The length of the parasitic phase determined in this study was
onsistent with the data of Labruna and Amaku (2006), who found

hat detachment occurs between 25 and 27 days in an evaluation of
he detachment rhythm of D. nitens engorged females on equines.
he results obtained by Drummond et al. (1969) are also similar,
ith an engorgement period of 25.4 days.
(36.0–65.0) (21.0–28.0) (50.0–100.0)
30.0b ± 10.8
(7.0–48.0)

30.7b ± 1.8
(28.0–39.0)

96.0b ± 16.2
(10.0–99.0)

Average weights of engorged females and egg masses observed
by Sanavria and Prata (1996) are less than the values obtained in
this study. These authors observed an average weight of 200.1 mg
for an individual engorged female and 87 mg  for the average weight
of deposited egg masses. These values are less than those observed
in this study, which were 271.4 mg  for engorged females and
159.3 mg for egg masses. Labruna and Amaku (2006) described
weights for engorged females that vary from 276.5 mg  to 359.5 mg
and from 147 mg  and 171.3 mg  for egg masses, according to the
conditions in which their study was performed. To justify these dif-
ferences in engorged female and egg mass weights among studies,
a reasonable hypothesis would be that each study was performed
under different conditions. A number of studies report significant
differences in the biological parameters of ticks when exposed in
field and laboratory conditions (Yu et al., 2010; Meng et al., 2014;
Nava et al., 2011; Tarragona et al., 2015). The studied parame-
ters of the non-parasitic phase of the present research cannot be
extrapolated to the field.

The feed to eggs conversion ratio of engorged females collected
from equines in this study (58.6%) was  consistent with the values
(40.6%–57.1%) obtained by Labruna and Amaku (2006). In a sim-
ilar study, Sanavria and Prata (1996) obtained a different result
(43.5%), and in another study, the reproductive efficiency was of
46.3% (Borges, 1991). Guimarães da Silva et al. (1997) evaluated
the feed conversion rate of D. nitens maintained at 26 ◦C, with dif-
ferent conditions of humidity, and the reproductive efficiency rate
was 56.3% at a relative humidity of 95%, but only 44.7% at an index
of 70% relative humidity. In a study in which temperature was
evaluated, the conversion rate was 35.6% at 18 ◦C, whereas at tem-
peratures of 27 ◦C and 32 ◦C, the conversion rates were 48.5% and
49%, respectively (Bastos et al., 1996).

For the D. nitens collected from equines, the results for the feed
conversion rate were corroborated by those obtained for other
tick species, including other members of the ixodid genus for
which authors report a feed conversion rate of approximately 50%
(Bechara et al., 1995; Borges et al., 2001; Labruna et al., 2000;

Olegário et al., 2011).

With rabbits as a host, Serra Freire and Miziara (1989) describe
the parasitic phase of D. nitens as ranging between 23 and 42 days,
whereas Drummond et al. (1969) reported an engorgement period
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Table  3
Averages, Standard Deviations and Intervals (between parenthesis) of egg count parameters produced by 28 engorged females of Dermacentor nitens collected from equines
in  Campo Grande, MS, Brazil.

Tick species Average weight for
egg mass (mg)

Total number of
eggs

Number of eggs per
gram
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Dermacentor nitens 143.5 ± 28.9
(67.0–197.6)

f 40.3 days for these ticks, which diverged from the present study
n which the average engorgement period was 27.6 days.

According to Serra Freire and Miziara (1989), D. nitens larval
arasitic period on rabbits was between three and six days after
ttachment, which was different from that found in this study
average period of 7.4 days). These authors noted a period from
even to eight days for the nymph parasitic period, which in the
resent study, was nine days.

In Drummond et al. (1969), the engorged female weight when
nfesting rabbits was 76 mg,  which is less than the weight of
08.4 mg  recorded in this study. Despite the success of D. nitens
arasitism on rabbits reported by Serra Freire and Miziara (1989),
hese authors did not evaluate the engorged female weight after
etachment.

The feed conversion rate (30%) obtained in this study with
abbit-fed engorged females was significantly lower than the value
ound for equine-fed engorged females. This reduction in feed con-
ersion rate might be due to the low weight of the engorged females
ollected from rabbits (Borges et al., 2001; Santos and Furlong,
002). Similar values are described by Olegário et al. (2011) in
n evaluation of A. parvum parasitism on different hosts; for goats
Capra hircus),  the feed conversion rate is low (35.1%) when com-
ared with engorged females collected from other animals.

According to Drummond et al. (1969), the reproductive capac-
ty of each D. nitens rabbit-fed engorged female was 376 eggs.
owever, in the present study, the values were higher than those
btained by these authors, with an average of 563.9 eggs per
ngorged female.

Regarding bovines, although noted as a natural host for this par-
site, the density of infestations is always low (Borges and Silva,
994; Rocha, 1985). According to Borges and Silva (1994), the low
umber of D. nitens on naturally infested bovines shows that they
re no preferred hosts of this tick species, and these authors sug-
est that such parasitism is accidental. The data obtained for cows
n this study corroborated the data of those authors and verified
hat bovines are not competent hosts for this tick species when
hey are artificially infested.

Although parasitism was successful on guinea pigs under
aboratory conditions, Drummond et al. (1969) reported an
ngorgement period of 35.4 days and an engorged female weight
f 192 mg.  In the present study, no engorged female was recovered
rom these animals. A hypothesis for the failure of D. nitens para-
itism on guinea pigs might involve the development of resistance
o ticks. This is suggested because of the long time that the ticks
re fixed to the host and also because this animal is not the natu-
al host of these ticks, as described by Szabó et al. (1995), where
n successive infestations of guinea pigs with R. sanguineus it was
emonstrated the capacity of guinea pigs to develop resistance to
icks.

Regarding the nonparasitic phase of D. nitens,  Drummond et al.
1969) reported that, under controlled temperature and humidity,
or ticks fed on equines, guinea pigs and rabbits, the pre-oviposition
eriods were 4, 3 and 3.8 days, with incubation periods of 21.1, 20
nd 20.4 days, respectively.
According to Borges (1991), in a study also performed under lab-
ratory conditions and evaluating the same parameters for ticks fed
n equines, the pre-oviposition and incubation periods were 4.5
2628.8 ± 483.8
(1458.0–3565.0)

18422.4 ± 1011.4
(16639.1–21761.1)

and 23 days, respectively. Guimarães da Silva et al. (1997) found
that D. nitens engorged females, when exposed to a constant tem-
perature of 26 ◦C and 95% humidity, had a pre-oviposition period
of 3.9 days and incubation period of 26-27 days. At an identical
temperature, but with a 70% humidity index, the pre-oviposition
period was 4.5 days and the incubation period was  26-27 days,
which showed that a difference in humidity influenced the pre-
oviposition period but not that of incubation.

At a constant humidity of 80% but with variable temperatures of
18 ◦C, 27 ◦C and 32 ◦C, the pre-oviposition periods were 13.9, 4.3 and
3.5 days, respectively, and the incubation periods were 88.7, 21.8
and 18.4 days, respectively (Bastos et al., 1996). In this study, under
controlled conditions (28 ◦C and 80% humidity), the pre-oviposition
and incubation periods were 4.6 and 25.7 days for equine-fed ticks
and 4.2 and 30.7 days for rabbit-fed ticks, respectively.

In the southeast region of Brazil, Labruna et al. (1997) evaluated
the egg weight from six species of Ixodidae in the country, including
D. nitens.  By counting and weighing 100 eggs, these authors esti-
mated that 1 g of D. nitens eggs had 18,181.81 units, which is a value
close to the 18,422.4 eggs per gram found in this study. According
to Labruna et al. (1997), for the same tick species, differences in
the number of eggs can be explained by natural differences among
strains from different geographical areas or by the variability in egg
size of engorged females.

With the exception of rabbits and horses, all other animal
species used in this study were not competent hosts for D. nitens
based on their inability to produce engorged females. The results
showed that rabbits can be an alternate host to maintain this tick
species in laboratory, although engorged female weight and egg
production were less than those from engorged females fed on
horses. Furthermore, the parasitic phase was longer for rabbit-fed
ticks than for equine-fed ticks.
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