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Hygienic behavior in honey bees reflects the social immunity against parasites and diseases and is con-
sidered one of the main factors of genetic resistance of the bee breeding program. Hygienic behavior
refers to the uncapping and removal of diseased and dead larvae and pupae from sealed brood cells by
the worker bees. Here, the hygienic behavior of Apis mellifera races was investigated in response to
pin-killed assay and artificial Varroa mite-infested brood cells. Moreover, the reproduction behavior of
Varroa mites was determined in various sizes of honey bee race comb cells. The results revealed that
the percentage of uncapping and removal of dead broods were significantly higher in the Italian as com-
pared to the Carniolan bee colonies (p < 0.05). Similarly, a significant difference was present in response
to artificially infested brood cells with Varroa mites in Italian and Carniolan colonies over the day of
inspection (p < 0.05). Overall, the width of cells of the two types of combs was significantly different.
The smaller width of cells size combs reduces the Varroa mite reproduction behavior compared to larger
cell size combs. More infestation of Varroa mite occurred in drone brood cells as compared to worker
brood cells in both old and new comb types. This study contributed to understand the hygienic behavior
of A. mellifera races in preparation for selecting and developing hygienic lines of bees given the important
contribution of hygienic behavior to honey bee health.
� 2021 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

The ectoparasitic mite Varroa destructor Anderson and Trueman
(Acari: Varroidae) causes severe damage to honey bee health all
around the world. It is the primary pest of Asian honey bee (Apis
cerana), but they are currently considered as serious threat to the
western honey bee (A. mellifera) (Nazzi and Le Conte, 2016;
Eliash and Mikheyev, 2020). Over the past few decades, Varroa
mite infestation causes the huge amount of honey bee colony
losses in numerous countries (Le Conte et al., 2010; Eliash and
Mikheyev, 2020). These mites cause serious damage to honey bees,
directly by feeding on fat body tissue / cellular components of
immature and mature bees (Ramsey et al., 2019) and indirectly
through transmitting various deadly honey bee viruses (Bowen-
Walker et al., 1999; Chen et al., 2004; Tantillo et al., 2015), and bac-
teria (Hubert et al., 2015). The mite infestation leads to lifespan
shortening, malformation, weight loss, and weakening of host col-
ony (De Jong et al., 1982; Duay et al., 2003; Garedew et al., 2004;
Dainat et al., 2012). From the beginning of the nineteenth century,
various techniques such as mechanical, chemical, and natural pro-
cedures have been developed to fight against Varroa mite to pre-
vent colony losses (Khan et al., 2020; Masry et al., 2020; Spivak
and Danka, 2020). Among them, chemical methods efficiently used
to manage mite infestation but it create mite resistance to most of
the acaricides and even induce contamination in the hive products
(Wallner, 1999; Rosenkranz et al., 2010; González-Cabrera et al.,
2016; Beaurepaire et al., 2017; Jamal et al., 2020; Kumar et al.,
2020; Naeem-Ullah et al., 2020). Different alternative control
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strategies, such as physical mite removal and natural materials like
essential oils and botanical extracts were used to minimize the
mite infestation (Loucif-Ayad et al., 2010; Mahmood et al., 2011;
Ansari et al., 2017; Cimmino et al., 2019; Al-Ghamdi et al.,
2020a; Masry et al., 2020; Sajid et al., 2020). One of the most
promising ways to reduce Varroa mite infestation is by multiple
selective breeding mite resistance-honey bees such as Varroa Sen-
sitive Hygienic (VSH) and Minnesota Hygienic (HYG) stocks. Both
VSH and HYG colonies showed a higher level of hygienic behavior
(Leclercq et al., 2017) and have been considered to show more
resistance to Varroa mites as compared to unselected colonies
(Spivak and Gilliam, 1998; Harris et al., 2012; Danka et al., 2013).

Naturally, social insects such as honey bees, ants, and termites
have developed the different behavioral adoption to prevent
pathogens and disease spread inside the colonies (Cremer et al.,
2007; Leclercq et al., 2017; Spivak and Danka, 2020; Jamal et al.,
2021). Specifically, hygienic behavior in honey bees has been stud-
ied for nearly 80 years for understanding the mechanism to
decrease the infestation of pathogens and Varroa mites resistance
and improve the health of their colonies (Spivak and Danka,
2020). The term ‘‘hygienic behavior” was introduced by
Rothenbuhler (1964) to describe the ability of worker bees to
detect, uncap, and remove the diseased and dead brood from the
cells to minimize the infestation (Peng et al., 1987; Boecking and
Spivak, 1999; Spivak and Reuter, 2001). Honey bees hygienic
behavior was measured by two methods; pin-killed brood (PKB)
assay (Kefuss et al., 1996; Palacio et al., 2000) and freeze-killed
(FKB) assay (Spivak and Reuter, 1998). This is a successful defense
mechanism against bee diseases like, American foulbrood (Spivak
and Gilliam, 1998; Spivak and Reuter, 2001; Al-Ghamdi et al.,
2018, 2020b), chalkbrood (Palacio et al., 2010), and the destructive
Varroa mite (Spivak, 1996; Rinderer et al., 2010; Spivak and Danka,
2020).

In honey bees, hygienic behavior is a heritable genetic trait and
is controlled by two to seven loci (Moritz, 1988; Kefuss et al., 1996;
Lapidge et al., 2002). Moreover, detection of the dead and diseased
capped brood mainly relies on volatile odorant signals that pene-
trate with the wax cell cup (Spivak et al., 2003). Some strains of
honey bees have the capability to minimize the mite infestation
level, obviously by dropping the reproductive success of mites in
worker brood cells (Harris et al., 2012; Danka et al., 2013;
Leclercq et al., 2017; Spivak and Danka, 2020).

Therefore, the honey bee colonies that have a higher degree of
hygienic behavior are recommended as a natural tactic to manage
the infestation of pathogens, pests, and diseases. Generally, both
environment and genotype are determinative for the hygienic
behavior of honey bees. In present study, various experiments
were performed with the following aims: (1) to evaluate the hygie-
nic behavior of Italian and Carniolan bee races toward the
uncapped and removal of pin-killed brood in capped brood cells,
(2) to assess the hygienic behavior of both bee stocks toward arti-
ficially Varroa mite-infested brood cells, (3) to determine the
reproduction behavior of Varroamites in different cell size on foun-
dation sheets (4) to compare the Varroa mite infestation rate in
new and old combs. The study developed a new approach to be
practiced by beekeepers to manage Varroa mite that may result
to improve honey yield and economical condition of beekeepers.
2. Materials and methods

2.1. Hygienic behavior of honey bees by pin-killed brood assay

Eight bee colonies were used and separated into two groups on
the base of their queens i.e., one group contained the queen of Ital-
ian bees (A. mellifera ligustica), and the second group of Carniolan
2

bees (A. mellifera carnica). Both full-sized bee colonies were kept
in Langstroth hives. All the colonies had the fertile queens, work-
ers, broods, plenty of honey, and pollen. To determine the hygienic
behavior, perforation of brood cell (pin-killed assay) was applied
using the minor modification of the method described by Büchler
et al. (2013), and Newton and Ostasiewski Jr (1986). Briefly, the
area having the most sealed brood cells was selected, and 100
brood worker larvae were killed with a sterile metal pin, and trea-
ted frames were returned to their respective hives. Hygienic
behavior was quantified as the removal of killed larvae from brood
cells. The percentage of uncapped brood cells and dead brood
removal by both honey bee stock was recorded after 12 h, 24 h,
and 48 h.

2.2. Hygienic behavior of honey bees toward the Varroa mite-infested
brood cells

In order to investigate the hygienic behavior, two groups of
equal population honey bee colonies reared in Langstroth hives.
Among them, four honey bee colonies were selected to compare
the hygienic behavior between two queen races (Italian and Car-
niolan) against artificial infested brood cells with Varroa mites.
All mites were collected from local A. mellifera colonies, and these
were obtained from newly-capped broods (pre-pupal or white-
eyed stages). We selected the 50 worker brood cell capped one
day before and opened these cells at one edge using solvent-
washed forceps. One female phoretic Varroa mite was introduced
with the help of a fine camel hair brush in each treated cell. After
inserting mite, the cells were again capped by using the drop of
warm wax, and their positions were marked on transparency
sheets. In case of control, the worker cells were perforated with
help of a small sterilized pin needle and again closed without
inserting the Varroa mites, this served to check whether bees
removed the brood due to the presence of the mite or to manipu-
lation of cells with a pin needle. After handling, the combs were
returned into their respective colonies. The number of brood cell
emptied by the bees in treated and control treatment were
inspected after three, five, and seven days intervals. Three repli-
cates were run per test series.

2.3. Comparison of reproduction behavior of Varroa mites in different
cell size on foundation sheets

The reproduction behavior of Varroa mites was tested on the
basis of the difference in cell size on the foundation sheet made
by different races of A. mellifera (Carniolan and Italian). For this
purpose, two colonies of A. mellifera were taken; one colony with
Carniolan queen and the other Italian queen. Both honey bee stocks
received supplemental feeding with sucrose syrup. The drone
broods were absent in each colony. The foundation sheet was hor-
izontally cut in two sects; 2 and 3 in. of three combs in each colony
respectively and these combs were reintroduced in each respective
colony. The cell size was observed on the foundation sheet which
was built by each of colony of A. mellifera and the width of cell
was measured by the Vernier caliper. The reproduction behavior
of Varroa mites was observed in cells of different sizes. The data
were recorded after an interval of one-week.

2.4. To compare the Varroa mite infestation rate in drone and worker
brood cells in old and new combs

Six colonies of European honey bees were selected to compare
the Varroa mite infestation rate in drone and worker brood cells.
These colonies were maintained in Langstroth hives. Each colony
had a healthy queen with new and old combs. The queen laid eggs
in both combs in the same period. After that the Varroa mite infes-
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tation was examined in 20 workers and 20 drone brood cells in
both new and old combs. The percentage of Varroamite infestation
was calculated. The data were recorded after two days interval.

2.5. Statistical analysis

Quantitative data were presented as mean ± standard error (S.
Error) and all statistical data were analyzed through statistical
package SPSS (version 26). Student’s t-test was used to test the sig-
nificant difference between two groups, one-way ANOVA followed
by Tukey post-hoc was used to determine the difference between
three or more groups. The data regarding hygienic behavior mean
and other mean were compared at the 0.05 level.

3. Results

3.1. Comparison of hygienic behavior between honey bee races

The uncapping and removal percentage of pin killed brood from
the cells was used as an indicator of level of hygienic behavior in
honey bees. The results (Fig. 1A, B) revealed that the percentage
of uncapping and removal of dead brood was significantly higher
in the Italian bee as compared to the Carniolan bee colonies. It
was observed that after 12 h the uncapping percentage of Italian
bees was 91.75%, that was significantly higher than the Carniolan
bee with 74.92%. After 24 h, the uncapping percentage of brood
cells in Italian bees was significantly higher than the Carniolan
bee that was 95.08% and 83.08%, respectively. While after 48 h
the Italian bees had removed the 99.25% dead brood significantly
higher than the Carniolan bees 89.08%.

Similarly, it was found that after 12 h the removal percentage of
dead brood in Italian bees was 87.33%, significantly higher than the
Carniolan bee which was 70.17%. After 24 h, the Italian bees had
removed the significantly higher dead brood than the Carniolan
bees (92.67% and 78.50% respectively). After 48 h, the Italian bees
removed 94.50% dead brood which was significantly higher than
the Carniolan bee 85.17%. Overall, the uncapping and removal per-
Fig. 1. Hygienic behavior (% of mean uncapping and removal of killed brood) over time in
brood cells (A), and dead brood removal (B) in Langstroth hives.
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centages of dead brood within the Italian bee was significantly dif-
ferent over the time while the non-significant difference was
observed within the Carniolan bee colonies after 12 h, 24 h, and
48 h.

3.2. Comparison of hygienic behavior of honey bee races towards the
removal of artificially Varroa mite infested brood cells

A significant difference was found in response to artificially
infested brood cell with Varroa mites in Italian and Carniolan bee
colonies over the day of inspection (Fig. 2). After three days, Italian
and Carniolan bees emptied 40.17%, 28.33% of the artificially
infested cells in treated colonies and removal rates were 24.50%
and 19.67% in control colonies. The Italian bee had removed the
69.33% infested brood whereas 48.83% by Carniolan bee after five
days. In the control treatment, the removal rate was 37.67% and
27.17%, respectively. Similarly, the removal percentage of infested
brood by Italian bee was 78.33% while this was 63.17% in Carniolan
bees after seven days interval. In the control, the removal rate of
brood from the cells was 57.00% and 42.50% in Italian and Carnio-
lan bee colonies, respectively.

3.3. Comparison of reproduction behavior of Varroa mites based on cell
size on foundation sheets

The results indicated that the width of cells of the two types of
the combs was significantly different. The data were recorded
about the width of cell (inner side) of combs and means were com-
pared by the Student’s t-test at 0.05 shown in Table 1. The mean
inner width of Italian comb was significantly different than the
inside width of the Carniolan comb that were 5.005 and
5.276 mm, respectively (Table 1). There was no significant differ-
ence present within Italian comb cell size ranges from 5.003 to
5.006 mm respectively, while significant difference was in the cell
sizes in case of Carniolan 5.144 to 5.457 mm (Table 1).

It was evident that maximum infestation percentage of worker
brood with Varroa mite was found in Carniolan comb and less
colonies of Italian and Carniolan honey bees. Column plots are shown for uncapped



Fig. 2. Hygienic behavior of Italian and Carniolan honey bee races after three, five and seven days toward the worker brood cell containing artificially introduced Varroamite.

Table 1
Inside width (mm ± Std. Error) of worker brood cells in Italian and Carniolan races of
honey bee combs.

Colony Mean ± S. Error Colony Mean ± S. Error

Italian 5.048 ± 0.7919b Carniolan 5.144 ± 0.1918 ab
Italian 5.034 ± 0.06024b Carniolan 5.457 ± 0.0363 a
Mean cell size 5.005 ± 0.0464b Mean cell size 5.276 ± �0.125 a

Mean row having the different small letter shows that the significant difference
between them at (Student’s t-test, p < 0.05).

Table 3
Mean percentage of worker brood infested with Varroa mites and the mean
percentage of Varroa mites in Italian and Carniolan brood combs in four colonies of
A. mellifera.

Italian comb Carniolan comb

Number of brood cells examined 360 360
Mean percentage of infested cells 10.28 ± 0.86b 22.78 ± 1.41 a
Mean percentage of Varroa mites 12.22 ± 1.18b 30.27 ± 1.75 a

Mean percentage of the infested cell having the small different letter in row were
significantly different at p < 0.05 and mean percentage of Varroa mites having the
small different letter in row were significantly different at (Student’s t-test,
p < 0.05).
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infestation was recorded in case of Italian comb. But the Varroa
mite infestation within the Carniolan comb cell and the Italian
comb cells was not significantly different (Table 2). The infestation
rate of Varroa mite in honey bee colonies may be associated with
comb cell width. Table 2 showed that within the same colonies
of Carniolan the larger brood cell is more infested as compared
to small brood cell. The mean percentage of infested cells in case
of Carniolan comb was significantly higher than the Italian comb
cells 22.78% and 10.28%, respectively (Table 3). The percentage of
the number of Varroa mite in Carniolan comb was significantly
higher than the Italian comb which were 30.27% and 12.22%,
respectively (Table 3).

In case of Italian honey bees negative correlation was observed
between the cell width and the Varroamite infestation per cell and
Table 2
Percent worker brood cell infested by Varroa mites in different sized of brood comb of
Italian and Carniolan races of honey bees.

Colony Mean ± S. Error Colony Mean ± S. Error

Italian 10.833 ± 0.8333b Carniolan 20.56 ± 1.368 a
Italian 9.722 ± 1.5278b Carniolan 25.00 ± 2.32 a

Row having the different small letter show that the significant difference between
them and column having the similar small letter show there is no significant dif-
ference between them at (Student’s t-test, p < 0.05).
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also there was no significant difference. While the Carniolan bees
had both positive and negative correlations, but there was a non-
significant difference present between the inner width of brood
cells and Varroamite infestation (Table 4). Almost, similar negative
correlation between inner width of brood cells and the number of
Varroa mite per cell and the non-significant difference between
both honey bee stocks (Table 4). A positive correlation was present
between the number of Varroa mite and Varroa mite infestation in
all worker cells and highly significant among Italian and Carniolan
bee colonies (Table 4).

3.4. To compare the rate of infestation of Varroa mite in worker and
drone brood cells in old and new combs

Present study indicated that the Varroa mite infestation was
higher in drone cell as compared to worker brood cells in both
old and new combs (Table 5). In the case of old comb, there was
significant difference in the percentage of Varroa mite infestation
in drone and worker brood cell in all colonies (Table 5). In drone
brood cells, the maximum infestation of Varroa mites was 43.75%
and the minimum infestation was 26.25%. While in case of worker
brood cells, maximum and minimum rate of infestation of Varroa
mite was 31.25% and 15.00%, respectively.



Table 4
Correlation between (inner width of brood cells and Varroamite infestation), (inner width of brood cells and number of Varroamites) and (number of Varroamite and Varroamite
infestation) in all worker cells checked in four colonies. Three hundred and sixty cells examined each colony.

Inner cell width vs Varroa
infestation

Inner cell width vs No. of Varroa No. of Varroa vs Varroa infestation

Colony r P value r P value r P value

Italian �0.005 0.985 �0.005 0.985 1 0.000***
Italian �0.297 0.3609 �0.421 0.664 0.718 0.026*
Carniolan 0.232 0.548 �0.471 0.2004 0.498 0.172
Carniolan �0.207 0.593 �0.266 0.489 0.923 0.0004***

r = Pearson coefficient correlation.

Table 5
The infestation rate of drone and worker brood cell by adult female Varroa mite in new combs.

Colony Rate of Varroa infestation in old combs Rate of Varroa infestation in new combs

Drone brood infestation (%)
Mean ± S. Error

Worker brood infestation (%)
Mean ± S. Error

Drone brood infestation (%)
Mean ± S. Error

Worker brood infestation (%)
Mean ± S. Error

M-101 43.75 ± 2.63 a A 28.75 ± 3.50b AB 33.33 ± 3.33 a A 18.75 ± 3.50b A
4 26.25 ± 3.24 a B 17.50 ± 4.12 a BC 13.75 ± 3.24 a B 10.00 ± 1.18 a A
3 32.50 ± 3.66 a AB 15.00 ± 3.27b C 26.25 ± 3.24 a AB 10.00 ± 2.67b A
18 41.25 ± 4.41 a A 27.50 ± 3.36b AB 20.00 ± 3.78 a B 11.25 ± 3.50 a A
77 43.75 ± 1.83 a A 31.25 ± 2.62b A 35.00 ± 2.67 a A 21.25 ± 2.27b A
73 33.75 ± 3.24 a AB 17.50 ± 2.50b BC 22.50 ± 4.12 a AB 11.25 ± 3.98 a A

In a row, the small different letter shows the significant difference between then, and in column large same letter shows no significant difference between them at (Student’s
t-test, p < 0.05).
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In case of new combs, half number of bee colonies showed sig-
nificantly higher Varroa mite attack in drone brood cells as com-
pared to worker brood which was 33.33%, 26.25%, and 35%,
respectively. No significant difference was recorded in colonies
(4, 18, and 73) of drone brood cell infested as compared to worker
brood cell. On the other hand, there was significant difference
within colonies regarded the Varroa mite infestation in worker
brood cells (Table 5). While, there was non-significant difference
in the percentage of infestation in worker brood cells in all
colonies.
4. Discussion

Hygienic behavior is considered as a behavioral defensive
response of honey bee workers to remove the dead broods, para-
sites and inhibit the spreading of infections in the colonies
(Rothenbuhler, 1964; Wilson-Rich et al., 2009). In present study,
overall data revealed that Italian bees (A. mellifera ligustica) are
consistently more efficient in uncapping and removal of dead
and infested broods as compared to Carniolan bees (A. mellifera car-
nica). This is further supported by the higher mite infestation rate
in Carniolan bees as compared to Italian bees.

Hygienic behavior is expressed differently among various spe-
cies, subspecies, honey bee races, and other social insects (Danka
et al., 2013; Lazarov et al., 2019; Spivak and Danka, 2020).
Rothenbuhler (1964) documented that two genes are responsible
for the hygienic behavior in honey bees, one controls the uncap-
ping and the second is responsible for removing the dead brood.
Many genetic factors are considered responsible for hygienic
behavior in A. mellifera (Moritz, 1988). Recently, the hygienic
behavior of A. mellifera ligustica and A. mellifera carnica is com-
pared. These results are in line with (Shakeel et al., 2020) research
demonstrating that the uncapping and removal percentage of dead
brood is higher after 24 h and 48 h by A. mellifera ligustica. Other
previous results compared the hygienic behavior among various
honey bee race. For instance, A. mellifera mellifera expressed a
higher ability for the removal of dead brood from the comb as com-
pared to A. mellifera carnica (Bąk et al., 2010). Adjlane and Haddad
5

(2014) documented that A. mellifera intermissa removed the 91.56%
and 83.55% dead brood, respectively after 24 h. Kamel et al. (2003)
reported that the removal percentage of dead brood in A. mellifera
jemenitica and A. mellifera carnica were 72.5% and 35.6%, respec-
tively. Balhareth et al. (2012) suggested similar results that the
removal percentage of dead broods was significantly higher in A.
mellifera jemenitica as compared to A. mellifera carnica over the
time of inspection.

The findings (Fig. 2) revealed that the removal percentages of
artificially infested brood cells were significantly higher in the Ital-
ian bee as compared to Carniolan bee colonies. Similarly, a signif-
icant difference was found in the removal of artificially infested
brood cells in Italian colonies that have old and newly queen
(Saboor et al., 2017). Shrestha et al. (2020) reported that A. mellifera
carnica workers uncapped and removed Varroa mite-infested
brood significantly faster as compared to sham-manipulated brood
(v2 = 5.5, p = 0.017). In contrast, there was no significant difference
reported in response to artificially Varroa mite-infested brood cells
in Africanized (v2 = 0.34, p = 0.56) and Carniolan (v2 = 0.25,
p = 0.63) colonies after the three and seven days of inspection
(Aumeier et al., 2000). Aumeier (2001) expressed that the removal
rate of infested brood with Varroa mite by Africanized and Carnio-
lan was 30%-40% because the growth of Varroa mite population
within the colonies was limited. Vandame (1996) determined that
the removal rate in naturally infested brood cells was exceeded
more than 40% on average. Those colonies showed slightly higher
hygienic behavior and significantly lower Varroa mite infestation
on brood and adult honey bees as compared to the un-hygienic
colonies (Ibrahim et al., 2007). Bees are more capable to detect
and remove the artificially introduced mite from any foreign
source because of their different odor (Rosenkranz et al., 1993).
Further Bauer et al. (2018) reported that the thermal cues are con-
sidered as an important parameters that play a critical role in trig-
gering the hygienic behavior of honey bees toward the Varroa
infested brood larvae and pupae.

The results also revealed that the inner width of the Italian
comb was significantly different from the inside width of the Car-
niolan comb that was 5.005 mm and 5.276 mm, respectively. Sim-
ilarly, Piccirillo and De Jong (2003) reported that Italian comb cells
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were smaller than Carniolan comb cells that were 5.16 and
5.27 mm, respectively. The Italian comb had a smaller cell size as
compared to the Carniolan comb cell. In the context of reproduc-
tion behavior, Varroa mite prefers larger cell-sized comb as com-
pared to smaller cell-sized comb. Gonçalves (1995) determined
that the Varroamite prefers the larger cell-sized comb. Smaller cell
size (4.9 mm) comb decreases the Varroamite infestation while the
population grows in larger cell size (5.5 mm) combs (Singer et al.,
2019). Oddie et al. (2019) found similar results, the mite reproduc-
tion rate was significantly reduced in smaller cell size as compared
to larger comb cells. (Piccirillo and De Jong, 2003) reported that the
Varroa mite infestation in Carniolan comb was a maximum of
24.4% as compared to Italian comb where the mite infestation
was 17.7%. Cell size on the foundationmay be an important param-
eter to manage the Varroa mite infestation. In contrast, Maggi et al.
(2010) investigated that a non-significant correlation was found
between brood cell width and the number of offspring of Varroa
mite. Taylor et al. (2008) found non-significant relation to the
influence of cell size on mite reproduction behavior but reported
that the rate of infestation increases in smaller cell sizes. Berry
et al. (2010) reported similar results, overall mite population was
higher in smaller cell size (4.9 mm ± 0.08) as compared to larger
comb sizes (5.3 mm ± 0.04). These fluctuating outcomes of various
studies provide evidences, need to investigate some other param-
eters that have not been studied regarding Varroa mite population
dynamics to the brood cell sizes. It may be possible that the various
methods and environmental factors of each study are responsible
for the mixed results. Smaller cell size may potentially useful in
minimizing the Varroamite infestation, but may not be the key fac-
tor in achieving Varroa free colonies. This study also suggested that
honey bee races largely influences the infestation and growth of
Varroa mite population in colonies.

The rate of Varroa infestation is higher in drone brood cells than
worker broods in both old and new combs (Table 5). Marcangeli
and Damiani (2017) documented that a significant difference in
Varroa infestation was observed in old and new combs that were
13.52% ± 3.35 and 6.18% ± 2.12, respectively. Varroa mite shows
more preference for older combs because of attractant alien scents
of brood cells. Infestation rate increased positively with the width
of worker and drone brood cells (Maggi et al., 2010). The Varroa
infestation was approximately eight times higher in drone brood
cells as compared to worker brood (Fuchs, 1990; Santillán-Galicia
et al., 2002). Odemer (2020) reported similar results, Varroa mite
infestation significantly higher in drone brood cells as compare
to worker brood cells. It is necessary to perform more research
trails for a better understanding of the Varroa attraction behavior
for old and new combs.
5. Conclusion

Hygienic behavior plays a critical role in the colony’s health of
various honey bee races. The results obtained in this study demon-
strated that the hygienic behavior of the Italian bee was signifi-
cantly higher in term of removal of pin-killed brood and artificial
Varroa mite-infested cell as compared to Carniolan bee colonies.
Smaller cell size combs reduced the Varroa infestation than larger
cell size combs. Moreover, the infestation rate of Varroa mite was
slightly higher in drone brood cells as compared to worker brood
cells in both old and new combs. Investigations of other native
bee populations may provide a baseline of hygienic bees to use
in the future breeding program. Further studies should focus on
how the behavior of various honey bee races affect the survival
and efficiency of the whole honey bee colonies against Varroa mite
infestation. The author acknowledges Saboor Ahmad for data
acquiring and helping in preparing the manuscript.
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