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ABSTRACT 

     

     In Egypt, there was no considerable effort to incorporate 

the heritable trait, hygienic behavior (HB), into honey bee 

(Apis mellifera L.) stock due to the absence of accurate, fast 

and practical method that is acceptable by most of 

beekeepers specially queen producers. Present study was 

conducted to compare 3 designed assays with traditionally-

used ones in ten honey bee colonies. Brood viability, 

presence of chalkbrood and American foulbrood, and 

Varroa mites on adult workers and within worker brood 

were evaluated. HB levels of local honey bee colonies from 5 

districts at El-Beheira Governorate were investigated using 

a modified pin-killed brood assay. Colony strength, assay 

type and time of observation had significant effects on brood 

removal. Punctured cells (PC) stage was found to be highly 

significant and positively correlated with uncapped cells 

(UC) stage, and negatively correlated with cleaned cells (EC) 

stage, but it was nearly not correlated with partially 

removed cells (PRC) stage. HB was positively correlated 

with worker brood viability (WBV). But, it negatively 

correlated with other colony evaluation criteria. The 

negative correlation was significant in cases of chalkbrood 

mummies (CBM) and mites within brood (BI). Furthermore, 

there were significant effects of colony strength and assay 

type on the expression of HB at 6, 24 and 48 h. Also, their 

interactions at 6 and 48 h were significant. The modified pin-

killed brood assay was found to be as accurate as freeze-

killed brood assay but more practical in estimating HB. 
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Furthermore, using the potential new assay, there was a 

significant effect of apiary location and colonies of Ezbet 

Haggag apiary Ӏ had a significantly higher mean of slow HB 

(61.46 %) than that estimated in other apiaries, even those of 

the same location (Ezbet Haggag apiary ӀӀ), and none of 

evaluated apiaries had any hygienic colony.  

 
Keywords: Apis mellifera L., pin-killed, freeze-killed, chalkbrood, American 

foulbrood, Varroa mites. 

 

INTRODUCTION 
 

       Multiple factors including certain chemicals, diseases and 

parasites; malnutrition; and environmental change-related stresses 

may contribute in the recently phenomenon, colony collapse disorder 

(CCD), in which honey bees, Apis mellifera, mysteriously abandon 

their hives (Schöning et al., 2012; Tsuruda et al., 2012). The 

damaging ectoparasitic mite, Varroa destructor, is considered the 

leading contributor to the recent decline of honey bee colonies in 

North America, Europe (Calderón et al., 2009), and most of world. 

The mite feeds repeatedly on the hemolymph of larval and adult bees 

through a bite wound in the cuticle (Garedew et al., 2004) and 

transmits bio-active compounds that prevent healing (Kanbar and 

Engels, 2003), inflicting nutritional stress and immune suppression, 

increasing the susceptibility of adult bees to bacterial infection (Yang 

and Cox-Foster, 2005) as well as acting as a major vector for viral 

pathogen transmission (Rosenkranz et al., 2010). Also, the 

contributing chemicals may include acaricides used against Varroa, 

and antibiotics used for controlling bacterial and fungal diseases. 

These risks and problems are forcing us to think of resistance 

management strategies in honey bees that do not involve or minimize 

the use of these chemicals. While individual insects rely on innate 

immune responses, groups of individuals also have evolved social 

immunity. Hygienic behavior (HB) in honey bees is one type of social 

immunity that reduces pathogen transmission (Swanson et al., 2009). 

This desirable trait is highly variable among and within honey bee 

populations and subspecies (Spivak and Gilliam, 1998a, b; Boecking 

and Spivak, 1999; Parker et al., 2012). Without medical treatment 
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honey bees will be adapted to diseases by natural selection of the most 

resistance colonies as Varroa mite tolerant African honey bee colonies 

found in some regions of Africa. By artificial selection this resistance 

will be more rapidly obtained. Thus, a more sustainable approach is to 

focus efforts on diligent selection and breeding native bees resistant to 

diseases and/or pests to reduce the routine use of antibiotics and 

acaricides.  

       Earlier studies demonstrated that HB is a complex polygenic 

recessive trait (Lapidge et al., 2002), and has a strong environmental 

as well as genetic component. Recently, greater emphasis has been 

placed on this behavior to be one of the most important features in bee 

population. Also, six putative quantitative trait loci (QTL) were found 

to influence task thresholds for HB against free-killed brood (FKB), 

and one of them on chromosome 9 was  associated with FKB 

uncapping behavior (Oxley et al., 2010). On a colony level, the most 

important mechanism of resistance to American foulbrood (AFB) is 

HB of adult bees toward infected larvae (Rothenbuhler, 1964 a,b, 

reviewed in Spivak and Gilliam 1998 a, b). Hygienic bees quickly 

uncap and remove larvae after capping when the causative bacteria of 

AFB (Paenibacillus larvae larvae) are in the vegetative or non-

infectious rod stage, before sporulation of the causative bacteria in the 

hemocoel, and before the death of prepupae (Woodrow and Holst, 

1942, reviewed in Spivak and Reuter, 2001b). But, colonies with 

non-hygienic bees, however, uncap and remove diseased brood only 

after it becomes infectious, resulting in the handling and transmission 

of pathogens (Arathi et al., 2006). So, the hygienic colonies had a 

lower frequency of naturally occurring brood disease than non-

hygienic colonies (Palacio et al., 2000). Also, honey bee colonies, 

selected for HB, demonstrated resistance to AFB when challenged 

with oxytetracycline-resistant strain of the causative pathogen (Spivak 

and Reuter, 2001b). The incidence of AFB resistant to 

oxytetracycline is raising dramatically some countries including 

Egypt. Therefore, new antibiotics have been screened by many 

researchers (Alippi et al., 1999; Kochansky et al., 2001; El-Aw et 

al., 2013) for usage in AFB control, but as with oxytetracycline, they 

may leave residues in bee products, and P. P. larvae may develop 

resistance to them (Spivak and Reuter, 2001b). Similarly, the 

magnitude of removing behavior was significantly correlated with 
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colony resistance to chalkbrood after infection by feeding spores to 

the colonies (Milne, 1983). Moreover, honey bees performing HB 

quickly detect, uncap and remove brood infected with the causative 

fungi of chalkbrood (Ascosphaera apis) from the nest before 

sporulation. Additionally, hygienic bees also uncap and remove a 

portion of brood infested with the parasitic mite Varroa destructor. 

Thus, this behavior decreases mite infestation level and may slow the 

reproductive potential of mites (Spivak et al., 2003). As the 

expression of HB increased Varroa mite drop decreased. In addition, 

mite infestation level reduction in hygienic colonies allows the 

beekeeper to delay treating with toxic chemicals inside hives, thereby 

extending the life of the acaricides and reducing resistance. Also, it 

translates into lower operating costs for the commercial beekeeper and 

decreased risk of contaminating bee products. Moreover, honey bees 

bred for HB performed as well if not better than other commercial 

lines of bees and maintained lower mite loads for up to one year 

without treatment (Spivak and Reuter, 2001a, b).  

      It is still not clear what mechanisms (physical, chemical factors) 

are responsible for the identification and removal of sick, damaged or 

dead brood inside the cells or how the bees proceed with the removal 

of the brood (Gramacho and Gonçalves, 2009b). But, it is known 

that HB is initiated and mediated by olfactory cues emanating from 

abnormal (dead, damaged, diseased, or parasitized) brood within cell 

cappings when exceed the response threshold of the bees within the 

colony (Spivak and Gilliam, 1998b; Masterman et al., 2000 and 

2001; Gramacho and Spivak, 2003; Swanson et al., 2009; Schöning 

et al., 2012), and influenced by the neuromodulator octopamine 

(Spivak et al., 2003; Goode et al., 2006). At very high mite levels, 

adult workers may habituate to the odor cues that elicit the behavior 

and are not able to detect individually infested cells (Spivak and 

Reuter, 2001a). This elicits puncturing and uncapping of the cell, and 

removal of the cell contents.  

      There are many methods to evaluate HB in honey bees aiming to 

kill given brood in an area, but the commonest used methods are pin-

killed brood (based on Newton and Ostasiewsky, 1986), and liquid 

nitrogen (described by Spivak and Reuter, 1998b) tests. The first is 

practical, easy and cheap, while the second is more accurate, 

expensive and less practical (Eliza et al., 2007; Espinosa-Montano et 

http://www.scielo.org.mx/cgi-bin/wxis.exe/iah/?IsisScript=iah/iah.xis&base=article%5Edlibrary&format=iso.pft&lang=i&nextAction=lnk&indexSearch=AU&exprSearch=ESPINOSA-MONTANO,+LAURA+G.
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al., 2008). Liberation of body fluid and release of some volatile 

substances after direct pinning in traditional pin-killed brood assay 

influences the rate of brood removal (Spivak and Downey, 1998; 

Gramacho et al., 1999), resulting in a low discriminatory capacity 

after 24 h of killing (Espinosa-Montano et al., 2008). Cutting out a 

section of sealed brood comb, freezing it at-20°C for 24 h and re-

inserting it, known as freeze-killed brood assay (described by Spivak 

and Downey, 1998) avoids this problem but it is too laborious, 

disruptive and time consuming for commercial queen producers to 

carry it out routinely (Oldroyd, 1996). So, some searchers sought a 

better method of killing brood without having to handle the combs, 

and developed a less destructive and more efficient method using 

liquid nitrogen (freeze-killed brood with liquid nitrogen) considered 

the standard method now. Replacement of killing method minimized 

the time consumed in brood killing but made the method more 

serious: common sense and several precautions must be used when 

handling liquid nitrogen. This limited its suitability for widespread 

application (Parker et al., 2012). Therefore, screening honey bee 

stock, breeding and maintaining resistant bee colonies need to develop 

more efficient assay. 

      There is no considerable effort to incorporate HB trait into our 

stock, in Egypt, due to the absence of accurate, fast and practical 

method, acceptable by most of beekeepers specially queen producers, 

for testing it, which is considered the basic component in any breeding 

program for this heritable characteristic. Therefore, the present study 

was conducted to facilitate and develop such needed method. In order 

to achieve this goal, three new assays for estimating HB had been 

designed and evaluated in comparison with traditional commonly used 

assays in 10 honey bee colonies which also were evaluated for brood 

viability, presence of chalkbrood and American foulbrood, and Varroa 

mites on adult workers and within worker brood. Additionally, the 

current work was carried out to investigate HB levels of local honey 

bee colonies from 5 districts at El-Beheira Governorate. So, 50 

colonies were tested for HB using a modified pin-killed brood assay.  
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MATERIALS AND METHODS 

 

      All experiments were carried out using honey bees Apis mellifera 

L. (Hymenoptera: Apidae).  

1. Evaluation of suggested assays for estimating hygienic behavior 

(HB) 

     1.1. Establishment of honey bee colonies 

      Fifteen local hybrid (derived from Italian bee A. m. ligustica and 

Carniolan bee A. m. carnica and other races existed in Egypt) honey 

bee colonies housed in a single Langstroth hive body, in an apiary 

located in Ezbet Haggag at El-Beheira Governorate, were equalized 

on May, 2012. After 2 months, during a dearth between clover and 

cotton nectar flows, 10 colonies were chosen and classified to 2 

groups (5 strong and 5 weak) based on visual observation of their 

growth in population, brood production and food storage. Neither 

group had previously been selected for hygienic behavior.  

      1.2. Assays used for estimating stages of HB 

        Sealed worker brood aged 12 to 14 days old were left without 

killing or perforating as a control or their cappings were perforated 

(positive control). Five assays, different in killing method as shown in 

Table 1, were evaluated in estimating the expression levels of HB in 

the same honey bee colonies using brood with the same age. 

Distributed in both sides of worker sealed brood comb, 7 areas (5 by 6 

cm, containing 100 cells each) were delimited in each colony. An area 

of that was subjected to one of assays or one of controls. In pin-killed 

assay, brood were killed using an entomological pin from front of 

comb, while in modified pin-killed assay the pinning was done from 

the back. This new assay permits killing brood without freezing or 

direct pinning. Freezing comb sections of sealed brood at deep freezer 

at -20°C for 24 h was the killing method in freeze-killed assay 

(described by Spivak and Downey 1998), while in modified freeze-

killed assay brood frozen as above were also pinned from front. 

Cappings of brood cells were painted with a thin layer of beeswax 

using painting brush to prevent aspiration of brood in beeswax cover 

assay. The combs were observed 4 times, and the numbers of capped 

(CC), punctured (PC), uncapped (UC), partially removed or cleaned 

(PRC) and empty or cleaned (EC) cells were recorded (according to 

Gramacho and Gonçalves, 2009a) in areas with killed brood and 
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controls at 0, 6, 24 and 48 h after it had been presented to the colonies. 

Empty or cleaned (EC) cells had been proportionate to assayed CC to 

calculate HB percentages at 6 h, 24 h (rapid) and 48 h (slow). The 

expression of HB is highly influenced by environmental, chemical and 

physical factors as well as by interactions among them (Gramacho et 

al., 1998). So, the estimating of HB levels in the same colonies was 

repeated as mentioned above after 15 days. Colonies that removed 

95% or greater of killed brood from the comb within 48 h on the two 

consecutive tests were deemed hygienic according to Spivak and 

Downey (1998). 
     

                Table 1. Aspects of assays used versus controls. 

Assay Killing method 
Body 

fluid 

Capping 

perforation 

Control - - - 

Positive control - - + 

Pin-killed front pinning + + 

Modified pin-killed* back pinning + - 

Freeze-killed freezing - - 

Modified freeze-

killed* 
Freezing + pinning + + 

Beeswax cover* 
Preventing 

aspiration 
- - 

            *: Suggested assay. 

 
Fig.1: Illustration of pinning from back in the modified pin-killed brood 

     assay for testing hygienic behavior in honey bee colonies. 
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1.3. Colony evaluation criteria  

       Experimental colonies were evaluated for brood viability, 

presence of chalkbrood and American foulbrood, and Varroa mites on 

adult workers and within worker brood at the same dates of testing 

them for HB. The viability percentage of worker brood (WBV) within 

each colony was estimated by counting the number of occupied versus 

unoccupied brood cells in seven transects of contiguous capped brood. 

All colonies were visually inspected for the naturally occurrence of 

chalkbrood mummies (CBM/ frame) and cells showing clinical 

symptoms of AFB (sunken wax cappings and uncapped cells 

containing discolored, ropy brood) to be counted per frame. Phoretic 

infestation (PH) or mite infestation rate of adult workers (Varroa 

mites/ 100 workers) was estimated in each colony (Eid, 2005). Also, 

one brood comb, containing pupae within 1-3 days of ecolsion, from 

each colony was examined at laboratory under a dissection 

microscope to determine percentages of brood infestation (BI) by 

counting the number of mites per 100 worker pupae. 

2. Estimating slow HB levels of local honey bees  

       Fifty local honey bee colonies (5 equal groups) located in 4 

districts (Kafr El-Dawar, Damanhour, Abo Hommos and El-Dalangat) 

at El-Beheira Governorate, approximately similar in force, were used 

to investigate the levels of expression of HB using the modified pin-

killed brood assay (as above). Kafr El-Dawar district was represented 

by 2 apiaries (Ezbet Haggag Ӏ, ӀӀ), while the others were represented 

by an apiary each. Evaluated colonies during July, 2012 were 

classified to 3 classes: hygienic, >95% of dead brood removed in 48 h; 

non-hygienic, <50 dead brood removed in 48 h; intermediate, 50-95% 

of dead brood removed in 48 h (Spivak, 1998).       

Statistical Analysis 

      Evaluation of suggested assays experiment was conducted in 

factorial (2x7x4). However, the experimental design was the 

completely randomized design with five replicates. Data of HB stages 

were subjected to the three-way analysis of variance (ANOVA) to 

separate the effects of colony strength, assay type, time, and their 

interactions. Comparisons among means were done using Tukey's test 

for Least Squares Means (LS-means) at 5% level of probability with 

the aid of SAS program (SAS Institute, 2013) version 9.3. Data of 

calculated HB percentages at 6, 24 or 48 h, after excluding that of 
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controls, were subjected to the same analysis to separate the effects of 

colony strength, assay type, and their interactions, but differences 

among means were determined according to the Least Significant 

Difference test (L.S.D.). The correlations among stages of HB, and 

among slow HB (estimated by the modified pin-killed brood assay) 

and other colony evaluation criteria were determined according to 

Pearson’s correlation coefficient. Concerning data of the second 

experiment, percentages of HB level of honey bee colonies from 

investigated apiaries were subjected to one-way analysis of variance 

(ANOVA) to be statistically analyzed using the same program and 

comparison among apiaries means were made using the L.S.D. test. 

    

RESULTS  

  

1. Evaluation of suggested assays  

     1.1. Effects of colony strength, assay and time on cleaned cells 

(EC)   

     Strong honey bee colonies exhibited significantly higher levels of 

brood removal than weak ones (Fig. 2a). Capping perforation (in 

positive control) did not significantly increase brood cells cleaned by 

workers compared to control (Table 3 and Fig. 2b). Also, cleaned cells 

in which brood had been killed by modified pin-killed assay did not 

significantly differ from both those killed by freeze-killed and 

beeswax cover assay. Pinning of freeze-killed brood resulted in 

significantly higher cleaning activity than any tested assay or control. 

Workers significantly performed cleaning activity at 6 h (24.6 %), and 

also at 24 (39.9 %) and 48 h (56.3 %) compared to 13.3 % recorded at 

the beginning of observation (Table 3 and Fig. 2c).  

      Concerning cleaned cells comparisons for assay time interaction 

(Table 3 and Fig. 2d), no significant differences were found among all 

assays at 0 h and controls at any time of observation. Also, no 

significant difference was detected between modified pin-killed and 

freeze-killed assays at any time. On contrary, modified freeze-killed 

assay at 48 h was the highest in increasing brood removal (87.8 %) 

followed by pin-killed assay at the same time (81.1 %). Regarding 

cleaned cells comparisons for strength time interaction (Table 2 and 

Fig. 2e), at 0 h less significant percentage mean (11.7 %) of empty 

cells was found in strong colonies compared to 14.8 % in weak ones. 
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The difference became insignificant at the following two times. But at 

48 h, it became significant for strong colonies (58.61 %) compared to 

weak ones (53.97 %). Comparison for Least Squares Means of 

strength*assay*time (Table 2 and Fig. 2f) revealed that no significant 

differences, in cells cleaned by both weak and strong colonies, were 

found among all assays at 0 h and controls at any time of observation. 

As found for assay time comparison, no significant difference was 

detected between modified pin-killed and freeze-killed assays on 

brood removal by both colony types at any time. Additionally, at 6, 24 

or 48 h strong colonies exhibited higher removal activity than weak 

ones when tested using one of tested assays or positive control with no 

significant difference, except in the case of pin-killed assay at 48 h. 

The highest percentage mean (91.4 %) of cleaned cells was achieved 

by strong colonies tested using modified freeze-killed assay at 48 h 

followed by 88.4% (when tested using pin-killed assay) and 84.2 % 

(when weak ones tested using the former assay) with no significant 

differences. 

    1.2. Relationships among stages of HB  

    Capped cells (CC) stage was found to be highly significant and 

negatively correlated with other stages specially EC (Table 4). Also, a 

lower significant negative correlation was observed between PC and 

EC stages. In contrast, PC was highly significant and positively 

correlated with UC and nearly not correlated with PRC. A significant 

positive correlation was found between PRC and EC.     
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Table 2. Means and overall means (in %) of empty or cleaned cells (EC) 

stage involved in hygienic behavior of weak and strong honey bee colonies 

at different times after tested using different assays. 

Colony 

strength 
Assay 

EC 

0 h 6 h 24 h 48 h 

Weak 

Control 15.1 mn* 15.1 mn 15.3 mn 15.8 lmn 

Positive control 14.2 mn 14.3 mn 15.2 mn 15.5 lmn 

Pin-killed 14.5 mn 24.7 jkl 53.8 fg 73.8 b 

Modified pin-killed 16.0 klmn 22.0 jklm 42.8 h 64.9 bcde 

Freeze-killed 13.9 mn 28.8 j 43.0 h  65.0 bcde 

Modified freeze-killed 14.9 mn 38.6 hi 63.6 cde 84.2 a 

Beeswax cover 15.3 mn 24.8 jkl 39.8 h 58.6 def 

 Overall mean 14.84 E** 24.04 D 39.07 C 53.97 B 

Strong 

Control 11.1 n 11.2 n 12.1 n 12.6 n 

Positive control 11.3 n 14.2 mn 15.5 lmn 15.6 lmn 

Pin-killed 11.8 n 25.3 jk 56.5 ef 88.4 a 

Modified pin-killed 12.6 n 25.7 j 47.0 gh 69.1 bc 

Freeze-killed 11.0 n 29.3 ij 44.6 gh 69.7 bc 

Modified freeze-killed 12.1 n 42.6 h 66.7 bcd 91.4 a 

Beeswax cover 12.3 n 27.5 j 42.6 h 63.5 cde 

 Overall mean 11.74 F 25.11 D 40.71 C 58.61 A 
*: LS-means followed with the same small letter(s) are not significantly different according to Tukey's test. 

**: LS-means followed with the same capital letter(s) in the same row are not significantly different 

according to Tukey's test. 

 

Table 3. Means and overall means (in %) of empty or cleaned cells (EC) 

stage involved in hygienic behavior of honey bee colonies at different 

times after tested using different assays. 

Assay 
EC mean (%) 

Overall mean 
0 h 6 h 24 h 48 h 

Control 13.1 h* 13.2 h 13.7 h 14.2 h 13.54 E** 

Positive control 12.8 h 14.3 h 15.4 h 15.6 h 14.48 E 

Pin-killed 13.2 h 25.0 g 55.2 e 81.1 b 43.60 B 

Modified pin-killed 14.3 h 23.8 g 44.9 f 67.0 cd 37.51 CD 

Freeze-killed 12.5 h 29.1 g 43.8 f 67.4 c 38.16 C 

Modified freeze-killed 13.5 h 40.6 f 65.2 cd 87.8 a 51.76 A 

Beeswax cover 13.8 h 26.2 g 41.2 f 61.1 de 35.55 D 

Overall mean 13.29 D 24.58 C 39.89 B 56.29 A  
*: LS-means followed with the same small letter(s) are not significantly different according to 

Tukey's test. 

**: LS-means followed with the same capital letter(s) in the same column or row are not significantly 

different according to Tukey's test. 
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Fig.2: Tukey's test difference plot of empty or cleaned cells (EC) for colony 

strength (a), assay type (b), time (c), and assay*time (d), strength*time (e) 

and strength*assay*time (f) interactions. EC values (in %) on the vertical 

and horizontal axes. Numbers inside the figure represent levels of colony 

strength, assay type and time of observation.  
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Table 4. Correlation coefficients of capped (CC), punctured (PC), 

uncapped (UC), partially cleaned or removed (PRC), and empty 

or cleaned (EC) cells at 0.05 level of probability.  

 

 CC PC UC PRC EC 

CC 1 
-0.39 

<.0001 

-0.63 

<.0001 

-0.51 

<.0001 

-0.74 

<.0001 

PC  1 
0.53 

<.0001 

0.001 

0.9843 

-0.25 

<.0001 

UC   1 
0.65 

<.0001 

0.11 

0.056 

PRC    1 
0.23 

<.0001 

EC    
 

 
1 

 

     1.3. Effects of colony strength, assay and time on HB levels 
      Cleaned cells had been proportionate to assayed capped cells to 

calculate HB percentages (Table 5). Statistical analysis revealed that 

strong colonies expressed a significantly higher HB (6 h) than weak 

ones (F = 34.07, P < 0.0001). Also, there was a significant effect (F = 

59.88, P < 0.0001) of assay type on the expression of HB. The 

interaction between colony strength and assay type (F = 0.92, P = 

0.4598) was significant. After 24 h, strong colonies expressed a 

significantly higher rapid HB than weak ones (F = 12.3, P = 0.0011) 

and there was a significant effect (F = 49.41, P < 0.0001) of assay type 

on the expression of HB, but the interaction between colony strength 

and assay type (F = 0.13, P = 0.9725) was insignificant. Additionally, 

after 48 h strong colonies expressed a significantly higher slow HB 

than weak ones (F = 26.13, P < 0.0001) and there was a significant 

effect (F = 40.02, P < 0.0001) of assay type on the expression of HB. 

Also, the interaction between colony strength and assay type (F = 

1.32, P = 0.2794) was significant. On the other point of view, row data 

revealed that none of experimental colonies was considered hygienic, 

except one strong colony (no. 8) according to modified freeze-killed 

assay (96.59 %). On the contrary, two weak colonies (no. 4, 5) were 

considered non-hygienic according to beeswax cover assay (49.7 and 
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41.1 %, in respect). In other words, nearly all colonies were classified 

in intermediate category.       
 

Table 5. Means and overall means (in %) of hygienic behavior 

(HB) of honey bee colonies (strong, weak or total) estimated at 

different times after tested using different assays. 

Colony 

strength 
Assay 

HB % (Mean ± SD) 

6 h  24 h  48 h  

Weak 

Pin-killed 11.8±4.04 45.9± 5.33 69.3±7.94 

Modified pin-killed 7.2±0.88 32.0± 2.42 58.2±4.8 

Freeze-killed 17.0±2.13 33.8±2.82 59.3±6.06 

Modified freeze-killed 27.8±2.64 57.1±6.77 81.3±7.01 

Beeswax cover 11.2±1.84 29.0±3.47 51.0±6.63 

 Overall mean* 15.02 b 39.53 b 63.82 b 

Strong 

Pin-killed 15.2±5.43 50.4±9.71 86.8±7.58 

Modified pin-killed 15.0±1.69 39.0±3.78 64.7±5.86 

Freeze-killed 20.4±2.87 37.8±2.11 66.0±5.89 

Modified freeze-killed 33.8±4.95 61.9±6.11 89.9±5.93 

Beeswax cover 17.3±2.41 34.4±4.37 58.2±5.90 

Overall mean 20.32 a 44.68 a 73.1 a 

Total 

Pin-killed 13.50 cd 48.16 b 78.00 b 

Modified pin-killed 11.09 d 35.45 cd 61.46 c 

Freeze-killed 18.70 b 35.78 c 62.65 c 

Modified freeze-killed 30.82 a 59.50 a 85.61 a 

Beeswax cover 14.25 c 31.66 d 54.60 d 

Overall Mean 17.67 42.12 68.46 

*: Overall means in the same column followed by different letters are significantly different 

according to L.S.D test at 0.05 level of probability. 

 

     1.4. Relationship among slow HB and other colony evaluation 

criteria 

      As shown in Table 6, statistical analysis revealed that strong 

colonies had a significantly higher worker brood viability than weak 

ones (F = 194.33, P < 0.0001). HB was positively correlated with 

worker brood viability (WBV) (Table 7). But, it negatively correlated 

with other colony evaluation criteria. The negative correlation was 

significant in cases of chalkbrood mummies (CBM) and brood 

infestation (BI).   
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Table 6. Hygienic behavior and different evaluation criteria of honey 

bee colonies. 

Colony 

strength 

Colony 

no. 

Measurement 

HB (%) WBV (%) 
CBM 

/ frame 

AFB cells 

/ frame 
PH BI 

Weak 

1 54.9 89.0 2.3 0 11.4 22.5 

2 61.0 86.2 0 0 10.2 15.5 

3 65.5 84.9 0 0 9.7 13.0 

4 55.4 83.8 1.2 3.1 9.4 21.5 

5 54.6 81.9 3.4 5.6 11.9 23.5 

Mean 58.24 85.16 b* 1.38 1.74 10.52 19.2 

Strong 

6 62.1 92.2 0 0 7.6 14.5 

7 66.9 89.8 0 0 8.9 12.0 

8 73.8 87.9 0 0 8.5 11.5 

9 61.5 86.6 0 0 7.8 13.0 

10 59.1 85.0 0 0 8.1 16.0 

Mean 64.67 88.3 a 0 0 8.18 13.4 

Total 
Overall 

mean 
61.46 86.7 0.69 0.87 9.35 16.3 

* Means in the same column followed by the same letter(s) are not significantly different 

according to L.S.D test at 0.05 level of probability. 

HB = hygienic behavior estimated at 48 h after tested using the modified pin-killed assay; WBV = 

percentage of worker brood viability; CBM = chalkbrood mummies; AFB cells = cells showing clinical 

symptoms of American foulbrood, PH = Varroa mites/ 100 workers, BI = mites/ 100 worker pupae. 

 

Table 7. Correlation coefficients of hygienic behavior (HB), 

worker brood viability (WBV), chalkbrood mummies (CBM), 

American foulbrood (AFB), phoretic mite infestation (PH) and 

mite within brood (BI) cells at 0.05 level of probability.  

 

 HB WBV CBM AFB PH PI 

HB 1 
0.56 

0.1141 

-0.68 

0.0296 

-0.54 

0.1044 

-0.51 

0.1278 

-0.88 

0.0008 

WBV  1 
-0.65 

0.0588 

-0.67 

0.0481 

-0.69 

0.0388 

-0.69 

0.04 

CBM   1 
0.79 

0.0067 

0.83 

0.0031 

0.90 

0.0004 

AFB    1 
0.57 

0.0884 

0.72 

0.0192 

PH    
 

 
1 

0.74 

0.0153 

PI      1 
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2. HB levels of local honey bees 
       Concerning HB levels (tested using the modified pin-killed assay) 

of local honey bees (Table 8), there was a significant effect of apiary 

location (F = 6.7, P = 0.0003). Colonies of Ezbet Haggag apiary Ӏ had 

a significantly higher mean of slow HB (61.46 %) than that estimated 

in other apiaries, even though those of the same location (Ezbet 

Haggag apiary ӀӀ), which did not significantly differ. Additionally, 

lower frequencies of intermediate category and higher frequencies of 

non-hygienic category were found in other apiaries. But, none of them 

had any hygienic colony.   
 

Table 8. Means of slow hygienic behavior (HB) and category 

percentages of honey bee colonies from five apiaries at El-Beheira 

Governorate. 

Apiary 
No. of 

colonies 

HB (%) 

Mean±SD 

Category (%) 

Hygienic Intermediate 
Non-

hygienic 

Ezbet Haggag Ӏ 10 61.46 a 0 100 0 

Ezbet Haggag ӀӀ 10 53.16 b 0 80 20 

Damanhour city 10 52.96 b 0 70 30 

Abo Hommos city 10 50.36 b 0 60 40 

El-Bostan 10 49.21 b 0 50 50 

Average  53.43 0 72 28 

 * Means in the same column followed by the same letter(s) are not significantly different 

according to L.S.D test at 0.05 level of probability. 

        

DISCUSSION 

       Hygienic behavior (HB) is an antiseptic behavior and differs from 

undertaking (the removal of dead adult nestmates) and grooming [the 

removal of foreign objects and pathogens from oneself 

(autogrooming) or from another adult in the nest (allogrooming)]. The 

early removal of diseased larvae while they contain only the 

noninfectious rods of P. P. larvae prevents dissemination of disease in 

the colony, whereas the removal of infected brood containing the 

highly infectious spores causes spread of disease to other. Individual 

bees with low-threshold responses to the cues from the diseased brood 

rapidly initiate and perform the removal process (Masterman et al., 

2000; Wilson-Rich et al., 2009). Also, since Varroa mites carry 

viruses and diseases, it is likely that the bees exude a sickly odor 
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through cell capping. The mite offspring are usually disposed of with 

infested pupae or destroyed by removers after detected by uncappers 

which puncture and uncap cell cappings, while the mother mites often 

escape. During this process, removers enlarge the hole, and either eat 

or pull the infested pupae, more likely not pigmented or only lightly 

pigmented, from brood cells. The uncappers might be better at odor 

discrimination tasks because they initially identify the abnormal pupa 

underneath the wax capping, but the poorest performers in the 

discrimination learning might be the removers because their task is 

more general and does not require as specific odor discrimination 

abilities (Masterman et al., 2000). After that, adult female enters 

another brood cell and try again to reproduce, probably after spending 

a period as phoretic mite. Thus, bees may reduce the total mite 

population. Phenethyl acetate was found to be a key compound 

associated with Ascosphaera apis-infected larvae that induces HB 

(Swanson et al., 2009). Based on that, the speed with which a colony 

removes dead brood is correlated with its ability to remove diseased 

and parasitized brood. So, breeding hygienic bees may ultimately lead 

to an industry less dependent on chemical inputs, meaning healthier 

bees and more natural bee products.   

      Regarding stages of HB, data of positive control revealed that 

many artificially perforated cell cappings were recapped confirming 

the earlier findings of Arathi et al. (2006) who found that in colonies 

of hygienic and non-hygienic bees, as compared to a colony of 

hygienic bees, a higher proportion of uncapped cells were 

subsequently recapped resulting in delayed removal of dead brood. 

This inefficient task partitioning would allow the pathogen to reach 

the infectious stage and increase the probability of disease 

transmission (Arathi et al., 2006). Also, it is possible that natural 

uncapping and recapping, mostly exhibited by Varroa Sensitive 

Hygienic (VSH) bees, interfere with mite reproduction (Villa et al., 

2009). Data of HB stages indicated that maximum overall mean 

values of PC in positive control and treatments were found at 6 h, and 

then gradually decreased. Also, maximum overall mean values of UC 

and PRC in treatments were found at 6 h in accordance with 

(Gramacho and Gonçalves, 2009a) who observed that trend at 4 to 

10 h after brood pinning. 
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      An important finding of this work is that colony-level expression 

of HB may depend on multiple factors unrelated to individual bees. 

First, colony strength affected the expression of HB as suggested by 

Spivak and Gilliam (1993). Regarding the effect of assay type on the 

expression of this behavior, a greater concentration of volatiles 

emanating from the wounds of pinned pupae triggered the bees to fast 

removal of dead brood. Furthermore, pinning brood after killing them 

by freezing increased the removal. Thus, killing method affected the 

removal time of killed brood as found by Woyke et al. (2012). 

Previous studies by Masterman et al. (2001) indicate that a defining 

feature of hygienic bees is that they can detect particular odors at 

lower concentrations. Results of beeswax cover assay indicated that 

bees may detect dead brood by another way. Gramacho et al. (1997) 

indicated that differences in temperature registered between dead and 

live brood are recognized by workers. Among evaluated assays, the 

modified pin-killed assay provides simplicity and accuracy in 

estimating the expression level of HB in honey bee colonies. Levels of 

HB estimated using this method were similar to that estimated using 

traditional common assay known as freeze-killed in this work. Also, 

present results of pin-killed and freeze-killed assays are comparable 

and consistent with the findings of Espinosa-Montano et al. (2008). 

Cutting, freezing and reinserting of comb sections are laborious, comb 

destructive, and often induced vigorous house cleaning activities 

making inconsistent results with this method. Conversely with them, 

variation among colonies was greater in pin-killed assay than in 

freeze-killed assay. Concerning observation time, results demonstrated 

the effect of this factor on different stages of HB specially empty or 

cleaned cells in accordance with Spivak and Downey (1998).  

      The present study proved that none of experimental colonies 

removed more than 80 % of pin-killed brood after 24 h. This means 

that none of them is considered hygienic according to the scale of 

Gramacho and Gonçalves (2009a). At 48 h, local bees had HB 

levels (with an average of 62.65 %), estimated using freeze-killed 

assay, much lower than that obtained by Kamel et al. (2003) for our 

native bees, A. m. lamarckii, as colonies had removed an average of 

90.5% of freeze killed brood, whereas that average was 59.4% in 

Egyptian carnica. Because of low (24 h, h 
2
 = 0.17) to moderate (48 h, 

h 
2
 = 0.25) heritability of HB (Pernal et al., 2012) and the absence of 
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hygienic colonies, intermediate ones additionally should be ranked 

into two groups: Group 1 had HB >65% and Group 2 had HB 50-65%. 

Thus, the three colonies of Group 1 are recommended for use as 

breeders for the subsequent generation. Subsequent generations will 

remove brood more quickly, because hygienic queens from the first 

generation will produce drones for the second generation. If hygienic 

queens are instrumentally inseminated with semen collected from 

drones of hygienic colonies, or are mated naturally in an isolated area, 

where all the surrounding drones are from hygienic colonies, it will be 

easier to fix the trait in any bee line.  

     Empty cells are corresponding to unviable larvae. Brood viability 

is largely a consequence of the removal of unviable, diploid male 

larvae resulting from sex determination system of the honeybee's 

single locus (Cook and Crozier, 1995). Low viability of brood 

produced by any queen is presumably a result of the complementary 

sex determination locus (Crozier and Pamilo, 1996). Estimating 

brood viability is an important factor in colony growth and survival 

(Tarpy and Page, 2001), and final population (Tarpy, 2003). 

Colonies higher in HB had significantly fewer chalkbrood and Varroa 

mites within worker brood in accordance with Masterman et al. 

(2000). But, the negative correlation was insignificant between HB 

and both AFB and mites on adult workers. This result was disagree 

with the findings of them. According to Parker et al. (2012), the 

levels of amphiphysin (Amph) and helicase 25E (Hel25E) proteins in 

antennae were significant positive predictors of rapid HB. There was a 

strong negative correlation between mite infestation levels and HB. 

Several proteins were highly significant predictors of HB and mite 

infestation dynamics. Highlighted within these proteins were the 

putative ApoO homolog and a putative transglutaminase (Tg), found 

in the larva of Varroa resistant bee colonies, which could provide a 

measure of resistance to Varroa reproduction. On the opposite side, 

several proteins including LOC552009 (of unknown function but 

similar to ApoO), found in the antennae of adults were associated with 

both uncapping brood cells and the removal of larvae at 48 hours. 

Events in the larvae may be able to influence HB of the adult. Other 

proteins were involved in olfaction or in signal transduction, probably 

helping the adults find infected larvae amongst a brood (Parker et al., 

2012). Since hygienic colonies demonstrate resistance to brood 
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diseases such as American foulbrood and chalkbrood, it may be 

worthwhile to intensify the expression of the hygienic behavior 

through selective breeding and thus strengthen these potential 

characteristics associated with resistance to V. destructor in honey bee 

stock (Boecking et al., 2008). Thus, selection to produce queens that 

have a strong HB is the key to reduce bacterial and fungal diseases, 

and partially Varroa mites (Parker et al., 2012) without negative 

effect of inbreeding depression (Čermák, 1995). 
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 الملخص العربى

معبرا جديدة و طريقةبمقدرة مستويات السلوك الصحى لنحل العسل المحلى 

 المرض عنها بحدوث

 د صالح عبد الحميد عيدخال

 قسم وقاٌة النبات، كلٌة الزراعة، جامعة دمنهور

الوراثٌة فى نحل العسل  الصحًلزٌادة صفة السلوك  لموسةجهود مكن هناك ت لم فى مصر     

(Apis mellifera L.) تكون مقبولة من معظم  سرٌعة وعملٌةو دقٌقة المحلى نظرا لغٌاب طرٌقة

طرق تقٌٌم جدٌدة، تم  3لمقارنة  الملكات. لذلك تم إجراء الدراسة الحالٌة منتجًالنحالٌن خاصة 

طوائف نحل عسل تم تقٌٌمها أٌضا من  01تصمٌمها، مع الطرق التقلٌدٌة األكثر استخداما وذلك فى 

ونسبة  األمرٌكًوتعفن الحضنة  الطباشٌريحٌث قوة الطائفة وحٌوٌة الحضنة ووجود الحضنة 

الفاروا. كما تم استقصاء حلم إصابة كال من الحشرات الكاملة للشغاالت وحضنة الشغاالت ب

طرٌقة  باستخداممراكز فى محافظة البحٌرة  5لنحل العسل المحلى من  الصحًمستوٌات السلوك 

نوٌة ووجد لقوة الطائفة وطرٌقة التقٌٌم ووقت المالحظة تأثٌرات مع ضنة بالدبوس.قتل الحمعدلة ل

العٌون السداسٌة المثقوبة ترتبط اٌجابٌا وبمعنوٌة عالٌة  مرحلةكما وجد أن  على إزالة الحضنة.

لكنها تقرٌبا لم وترتبط سلبٌا بالعٌون السداسٌة التى تم تنظٌفها،  غطاءهابالعٌون السداسٌة المزال 

ٌجابٌا مع حٌوٌة وكان السلوك الصحى مرتبط ا تكن مرتبطة بالعٌون المزال محتوٌاتها جزئٌا.

الحضنة فى حٌن كان مرتبط سلبٌا بمعاٌٌر التقٌٌم األخرى للطوائف. وكان االرتباط السلبى معنوى 

تأثٌرات معنوٌة لقوة  توجدوة على ذلك فى حالتى الحضنة الطباشٌرى والفاروا على الحضنة. وعال

ساعة. كما وجد أن  24، 42، 6الطائفة وطرٌقة التقٌٌم على التعبٌر عن السلوك الصحى بعد 

دقٌقة مثل  وكانت الطرٌقة المعدلة لقتل الحضنة بالدبوس ساعة. 24، 6التفاعل بٌنهما معنوى بعد 

وعالوة على ذلك فعند  طرٌقة القتل بالتجمٌد ولكنها أكثر منها عملٌة فى تقدٌر السلوك الصحى.

وأظهرت طوائف المنحل  ،معنوىاستعمال طرٌقة التقٌٌم الجدٌدة الواعدة وجد لموقع المنحل تأثٌر 

أعلى معنوٌا من المقدر فى باقى  %(60.26بطًء )األول بعزبة حجاج متوسط سلوك صحى 

، حتى للطوائف فى نفس الموقع )المنحل الثانى بعزبة حجاج(، ولم توجد أى طائفة صحٌة المناحل

 فى المناحل التى تم تقٌٌمها.


