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Reproductive parameters of Rhipicephalus (Boophilus) microplus are often evaluated. They are good indicators of
resistance to commercial acaricides and of plant extracts’ eﬃcacy. The objective of this study was to compare the
techniques: visual estimation and quantiﬁcation by sampling used in the Adult Immersion Test (AIT) to calculate
the hatching rate of eggs. Engorged females collected from cattle were subjected to the AIT with plant extracts
and kept in an incubator for oviposition. The egg hatching was evaluated in 210 syringes by visual estimation
(%). Then, eggs and larvae were counted into samples of 100 individuals, in three repetitions by stereo microscope. Signiﬁcant diﬀerences were found between the two tests (p ≤ 0.05). The egg hatching average of
visual estimation was higher than the quantiﬁcation by sampling, 56.8–48.0, respectively (correlation = 0.85).
We found that the visual assessment leads to a higher estimate of larvae in relation to eggs, because the infertile
eggs can be concealed in the center of the syringe. In quantiﬁcation by sampling, no statistical diﬀerences
(p = 0.99) were observed in the pairwise counts between the three samples (48.1 ± 26.6%, 47.8 ± 26.9%,
48.1 ± 26.5%) (correlation of repetitions = 0.96). This suggests that counting one sample is suﬃcient and the
result should not diﬀer much, regardless of the evaluator. Regarding the cutoﬀ point of tick resistance status
(95%), both methods are reliable. This study contributes to improvement of the AIT and can stimulate researchers to choose more accurate techniques for the assessment of egg hatching.

1. Introduction
Rhipicephalus (Boophilus) microplus is an ectoparasite considered of
extreme importance in world livestock breeding because of the damage
it causes. In addition to compromising the well-being of animals due to
blood spoliation and disease transmission, it also causes reduction of
productive performance in tropical and subtropical regions (Raynal
et al., 2013). As a result, economic losses are high, aggravated by the
transmission of agents of cattle tick fever. In Brazil, the losses are estimated at around $3.24 billion per year, from lower meat and milk
production, hide damage and costs for purchase and application of
acaricides (Grisi et al., 2014).
The frequent and indiscriminate use of acaricides increases the
presence of residues, which invariably can harm the environment as
well as animal and human health (Schwarzenbach et al., 2010). The
selection for resistance to major classes of acaricides widely used has
been extensively reported (Raynal et al., 2013). Recently, the results of
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Reck et al. (2014) demonstrated the ﬁrst case of ﬂuazuron resistance in
R. microplus and the ﬁrst tick population resistant to six classes of
acaricides in Brazil.
The standardization of tests for the diagnosis of resistance against
chemotherapeutic agents in biological organisms is a key requirement
for the development of an applicable diagnostic tool allowing directly
comparable data to be produced in diﬀerent laboratories. Moreover, the
ability to reliably detect parasite resistance is a crucial part of resistance
management (von Samson-Himmelstjerna et al., 2009). According to
Gaur et al. (2016), the Food and Agriculture Organization (FAO) and
World Association for the Advancement of Veterinary Parasitology
(WAAVP) have recommended and provided standardized protocols for
bioassays to evaluate resistance, namely the Larval Packet Test (LPT)
and the Adult Immersion Test (AIT), the latter originally developed by
Drummond et al. (1973). The Larval Immersion Test (LIT) has also
proved better at discriminating between resistant and susceptible
strains to macrocyclic lactones (Klafke et al., 2012). For decades, the
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2.4. Statistical analysis

AIT has also been used as a tool for screening new active molecules
present in plant extracts, including fractions, isolated and synthesized
substances, with potential for tick control (Habeeb, 2010).
In the AIT, engorged female ticks are immersed in technical or
commercial grade acaricides and the assay is interpreted based on the
rate of oviposition between the two groups (treated and control). In this
test, the percentage of egg hatching is estimated visually and applied in
a formula to calculate the estimated reproduction (ER) of the engorged
females, and consequently the eﬃcacy of the substance in question.
However, Amaral (1993) stated that the visual assessment of egg
hatching is subjective and can vary when carried out by diﬀerent
technicians. Thus, since hatching percentage is a parameter routinely
used in the AIT, the purpose of this study was to compare the techniques of visual estimation and quantiﬁcation by sampling for calculation
of the hatching rate of eggs laid by engorged females incubated in the
laboratory.

For statistical analysis, the average of the quantiﬁcation by sampling (performed in triplicate) of 210 syringes was calculated, since the
technique of visual estimation was performed in only one observation,
according to the original method of Drummond et al. (1973). Hatchability was categorized by scores (1 = 0–25%, 2 = 26–50%,
3 = 51–75%, and 4 = 76–100%) using as reference the quantiﬁcation
by sampling, since it is a quantitative method, performed in triplicate.
Results were checked for normal distribution by PROC UNIVARIATE
and for homogeneity of variances by Bartlett’s test. Data were analyzed
by the nonparametric model PROC NPAR1WAY. The averages of the
scores between both techniques were compared by the Tukey test (p ≤
0.05). The general scores and per scale of both techniques were associated/correlated by the Pearson correlation coeﬃcient. All statistical
analyses were performed with the SAS package (SAS, 2002/2010SAS
Institute, 2002SAS, 2002/2010).

2. Material and methods

3. Results and discussion

2.1. Adult immersion test (AIT)

The analysis demonstrated the data were not normally distributed
and the variances were heterogeneous, so a nonparametric model for
analysis was used. The correlation analysis between the two techniques
indicated high correlation (0.87), which was expected, since the same
syringe was used for the two evaluations. The correlations between the
two techniques separated by categories, based on the quantiﬁcation by
sampling, were signiﬁcant (p ≤ 0.05) and were as follows: category 1:
0.74; 2: 0.38; 3: 0.60 and 4: 0.45 (Fig. 2). When associated by scales,
there was a reduction in the value found in the general association
between the two techniques. These ﬁndings show that the diﬀerences
between the two techniques may be even greater, and can depend on
the hatching rates of the larvae. The strongest correlation was found
when the hatching rates were lower (category 1).
A statistically signiﬁcant diﬀerence was found (p < 0.05) between
the two tests, indicating that the average of the visual estimate (56.8)
was higher than the average of the quantiﬁcation by sampling (48.0).
This demonstrates that in visual estimation, the number of hatched
larvae can be overestimated, since the larvae tend to adhere to the wall
and the infertile eggs can stay hidden in the center of the syringe. Such
ﬁndings are in accordance with the discussion of Amaral (1993), who
stated that visual assessment is subjective.
In relation to the quantiﬁcation by sampling technique, statistical
diﬀerence was not veriﬁed (p = 0.99) between the values obtained in
the three-count sampling syringes. The correlation of repetitions was
0.96, demonstrating that the number obtained by one count repetition
is very close to the others (averages of 48.1 ± 26.6%, 47.8 ± 26.9%,
48.1 ± 26.5%). So, it can be assumed that only one count is necessary,
provided the material is well homogenized. These analyses also suggest
that the result of a syringe should not diﬀer much if several evaluations
are performed by diﬀerent analysts. Some authors who have performed
AIT by quantiﬁcation have used other egg hatching evaluation techniques. In the study of Terassani et al. (2012), all larvae from 10 engorged
females (in triplicate) submitted to plant extracts were killed in sulfuric
ether and counted under a stereoscopic microscope. Vasconcelos et al.
(2014) reported that all the syringe contents were counted under a
stereoscopic microscope. On the other hand, Barbosa et al. (2013) reported that when less than 50% of the larvae hatched, eggs and larvae
were mixed in 4 mL of a 1:1 solution of aqueous ethanol at 96% and
glycerin. Then larvae and eggs were counted in 1 mL of the solution. In
the study of Lopez-Arias et al. (2014), the egg mass of each tick was
weighed, and then 12 mg of eggs that were laid within the ﬁrst 3–4 days
from every tick were transferred into 5-mL sterile Vacutainer tubes.
Hatchability was based on the number of larvae emerging from 12 mg
of eggs (it had been previously determined that 300 eggs weighed
12 mg). All larvae were removed from the tubes with distilled water,
and then counted manually by immobilizing them with sticky tape. As

To measureegg hatching rates, engorged females of Rhipicephalus
(Boophilus) microplus were previously submitted to trials with essential
oils from plants in diﬀerent concentrations and controls (Chagas et al.,
2016). So, in the present study we used the egg hatching rates of ticks
exposed to them. Brieﬂy, engorged females (≥4.5 mm) were collected
from naturally infested cattle at the experimental farm of Embrapa
Pecuária Sudeste (CPPSE). Engorged females were divided into three
groups of 10, weighed to establish uniformity among the diﬀerent experimental groups, and placed in disposable cups to perform the immersion test with the essential oil samples. For each oil, seven dilutions
were tested in triplicate: 25, 12.5, 6.25, 3.12, 1.56, 0.78 and 0.39 mg/
mL. Distilled water and 2% Tween 80 were used as control treatments,
also in triplicate. The females were immersed in 5 mL of solutions for
5 min, dried and placed in Petri dishes in an incubator (27 ± 1 °C and
RH ≥ 80%) for oviposition. After 18 days, eggs were weighed and
transferred to adapted transparent plastic syringes (10 mL), identiﬁed,
and sealed with cotton. They were then placed back in the incubator
under the same conditions for egg hatching (Drummond et al., 1973).
After 15 days, the hatching rate was evaluated in 210 syringes. The
visual reading was performed by a single trained technician, while the
quantiﬁcation by sampling was done by three technicians.

2.2. Visual estimation
The egg hatching rate of each syringe was ﬁrst evaluated by visual
estimation, given as a percentage, by observing the proportion of larvae
in relation to eggs not hatched. This was done by just one visual observation according to the technique described by Drummond et al.
(1973). The trained technician had no knowledge about the treatment
of the syringes, to avoid biased estimation.

2.3. Quantiﬁcation by sampling
After the visual reading, the syringes containing larvae were kept in
an oven, with controlled temperature (50 °C, Solab SL-100) for 24 h to
kill them and allow the counting. The contents of each syringe (hatched
larvae, egg shells and infertile eggs) were homogenized in a disposable
cup using a spatula. Randomly collected samples were distributed in
disposable Petri dishes (90 × 15 cm with three partitions) scratched at
the base to facilitate the counting (Fig. 1). In this way, there were three
counts (eggs or larvae) into samples of 100 individuals, with the aid of a
cell counter and a stereoscopic microscope (Coleman – 1.25× magniﬁcation) (Giglioti et al., 2011).
36
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Fig. 1. The content of a syringe was homogenized and distributed in 3 areas of a disposable Petri dish (90 × 15 cm) to count larvae and infertile eggs under a
stereoscope (Coleman-1.25 magniﬁcation). Black arrow: larvae, black arrowheads: eggs.

performed to detect resistance status of tick populations, because when
the eﬃcacy of a commercial acaricide is < 95% by the AIT, this means
tick resistance exists in the farm, requiring changing to a new chemical
group. This evaluation criterion was established according to the
guidelines of WAAVP (Holdsworth et al., 2006). However, when the

can be noted, these researchers performed the quantiﬁcation of all
syringe contents or used some laborious process for larval counting.
However, our results show that a single sample of 100 larvae/eggs is
reliable.
The results found here can have a serious impact on the AIT

Fig. 2. Scattergram showing the correlation (Pearson r) of Rhipicephalus (Boophilus) microplus egg hatching between visual estimation and quantiﬁcation by sampling,
in each category (A: 1 = 0–25%, B: 2 = 26–50%, C: 3 = 51–75%, D: 4 = 76–100%) and in general (E: the standard deviation bars (grey bars) are related to the three
counts in the quantiﬁcation by sampling).
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Table 1
Averages of Rhipicephalus (Boophilus) microplus egg hatching evaluated by visual estimation and quantiﬁcation by sampling, organized by categories.
Category*

Egg hatching

Visual estimation

Quantiﬁcation by sampling

1
2
3
4
General

0–25%
26–50%
51–75%
76–100%
0–100%

14.8
55.4
69.2
91.6
56.8

10.7
39.2
61.4
86.2
48.0

References
±
±
±
±
±

17.3aA
20.0bB
16.5cB
8.5dA
30.6B

±
±
±
±
±

8.2aA
6.4bA
7.1cA
6.6dA
26.4A
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Diﬀerent upper-case letters in the same line or lower-case in the same column
indicate signiﬁcant diﬀerences according to Tukey test (p ≤ 0.05).
* Categories deﬁned based on the quantiﬁcation by sampling.

results obtained in the quantiﬁcation by sampling technique were split
by category and compared, it was clear that in the extreme results, i.e.,
low hatching (0–25%) or high hatching (76–100%), there was no statistical diﬀerence (Table 1). So, at the cutoﬀ point of tick resistance
status (95%), both methods are reliable, because it is necessary to have
low egg hatching (probably 0–25%) to reach a low estimated reproduction of the engorged females, and good eﬃcacy of the acaricide.
Statistical diﬀerence was seen in the intermediate categories (26–50%
and 51–75%) and the overestimation of egg hatching by the visual
estimation in both categories can have an impact on the calculation of
the resistance status.
4. Conclusions
We can conclude that the quantiﬁcation by sampling proved to be a
more reliable technique in relation to visual estimation, which tends to
overestimate the number of hatched larvae. At the extremes of egg
hatching (0–25% or 76–100%), there was no statistical diﬀerence. In
turn, for the cutoﬀ point of tick resistance status, both methods are
reliable. Therefore, in studies that require greater scientiﬁc accuracy,
the counting by sampling technique is recommended because it will
lead to the same result from evaluating only one sample. We believe
that this ﬁnding is of interest to other laboratories that perform the AIT
routinely, because questions related to the reliability of visual estimation are relatively frequent, including by referees of peer reviewed
journals.
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