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Abstract: 

Jalisco is one of the foremost honey-producing states in Mexico. However, there is no 

information on viral diseases that affect honey bees (Apis mellifera) in the different 

beekeeping regions of the state. The objective of this study was to determine the prevalence 

and intensity of four viral diseases of Apis mellifera during the spring, in six regions of 

Jalisco. Bee samples from 79 colonies were analyzed, of which, 66 % and 38 % were positive 

for black queen cell virus (BQCV) and deformed wing virus (DWV), respectively. Two viral 

diseases were not detected, those caused by the Israeli acute paralysis virus (IAPV) and the 

chronic bee paralysis virus (CBPV). The infection levels of BQCV were relatively low but 

elevated for DWV, with infection intensities 8,000 higher than those of BQCV. The 

prevalence of DWV was significantly higher in the regions of the Highlands, Center, and 

South, while for BQCV there were no differences between regions. For infection intensity, 

there were no differences between regions for DWV, but there were for BQCV. The regions 

with the highest infection levels were the South and Center. Surveys during other seasons of 

the year are recommended to identify possible seasonal viral effects on the bees and to design 

control strategies. 
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Viral diseases of honey bees (Apis mellifera) are increasingly being associated with colony 

losses(1), so it is important to know their prevalence and distribution to be able to control 

them. More than 20 viruses are known to infect honey bees, but few of them appear to have 

a serious impact on their health. Among them, we can mention deformed wing virus (DWV), 

black queen cell virus (BQCV), Israeli acute paralysis virus (IAPV), and chronic bee 

paralysis virus (CBPV)(2,3). In Mexico, the presence of DWV, IAPV and BQCV(4,5) has been 

reported in the high plateau region. Moreover, DWV and IAPV were identified in Varroa 

destructor mites, with DWV being the most prevalent in both, bee and mite samples(4). Not 

much is known about honey bee viral diseases in Mexico, and the information about them, is 

limited to a few regions of a few states. For Jalisco’s case, there are still no official reports 

about the distribution and levels of viruses in honey bee colonies of the state’s different 

beekeeping regions. It would be important to know this information because Jalisco is one of 

the foremost honey producing states in Mexico, ranking third in 2021 with 6,073 t(6). 

 

For beekeeping purposes, Jalisco has been divided into six different regions that vary in 

topography and climate, including the regions of the Highlands, Center, North, Sierra Amula, 
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South and Southeast. More than half of the state’s producers and hives are located in the 

South and Southeast regions(7). Because there is no information on the prevalence and 

infection intensity of honey bee viral diseases for the different regions of Jalisco, it seems 

relevant to conduct surveys to identify and quantify viruses in honey bee colonies from those 

regions, as well as to find out if there is a relationship between viruses and regions. Therefore, 

the objective of this study was to determine the prevalence and infection levels of the main 

viral diseases that affect adult honey bees, including DWV, BQCV, IAPV and CBPV, in 

samples of bees from colonies of six regions from Jalisco, Mexico. 

 

Adult bee samples were collected during early spring, in the months of March, April and 

May 2018, from 12 to 16 colonies of each of the six beekeeping regions of Jalisco. In each 

apiary, three colonies were randomly selected and sampled. A total of 81 colonies from 27 

apiaries were sampled, although data were obtained from only 79 colonies. Two samples of 

three bees each were collected from the entrance of each hive. The bees were introduced into 

2 mL microfuge tubes containing RNAlater® (Thermo Scientific; Mississauga, ON, Canada) 

to preserve viral RNA. The samples were transported in coolers with freezing packs and were 

stored at -70° C until processed. 

 

The molecular analyses to diagnose and quantify viral infections were conducted at the 

Honey Bee Research Centre, School of Environmental Sciences, University of Guelph, in 

Guelph, Ontario, Canada. First, the presence of DWV, BQCV, IAPV and CBPV, was 

determined by RT-PCR. RNA was extracted from three bees per sample with TRIzol (Fisher 

Scientific; Mississauga, ON, Canada), as per the manufacturer’s instructions. cDNA was 

synthesized with the RevertAidTM H Minus First Strand kit (Fermentas; Burlington, ON, 

Canada), following the manufacturer’s instructions.  

 

The PCR reactions were carried out using a Master thermocycler (Eppendorf; Mississauga, 

ON, Canada). Each reaction contained 1.5 µL of 10x pH buffer for PCR (New England 

BioLabs; Pickering, ON, Canada), 1 µL of both primers (10 mM), 0.2 µL 5U/µL of Taq 

polymerase (New England BioLabs; Pickering, ON, Canada), 2 µL of cDNA and 8.8 µL of 

dH2O. The primer sequences and amplification cycles used were those described in previous 

studies for DWV(4,8), BQCV(9), IAPV(10) and CBPV(11). The PCR products were separated by 

electrophoresis on agarose gels and the amplified bands were photographed with a digital 

camera under UV light. Additionally, viral copies of DWV and BQCV were quantified with 

real time PCR (qRT-PCR). The other two viruses were not detected and therefore, not 

quantified. The calibration standard curve for DWV and BQCV was created using a 300 bp 

synthetic gene fragment or gBlock® (Integrated DNA technologies; Coralville, IO, USA) for 

each virus. The lyophilized of the synthetic genes (500 ng) were diluted with 50 µL of 

nuclease free dH2O to obtain an initial concentration of 10 ng/µL that was used for serial 

dilutions from 109 to 102 viral copy numbers.  
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The qRT-PCR reactions were done using a BioRad CFX96TM thermocycler (Bio-Rad 

Laboratories; Mississauga, ON, Canada) with PowerUp™ SYBRgreen™ (Supermix 2X) 

(Applied Biosystems; Foster City, CA, USA) on 96-well PCR plates (Hard-Shell®). The 

reactions had a final volume of 20 µL that contained the following. For DWV, 10 µL of 

Supermix 2X (Applied Biosystems; Foster City, CA, USA), 0.4 µL of both primers (200nM), 

7.2 µL of nuclease free dH2O (Invitrogen; Burlington, ON, Canada) and 2 µL of cDNA or 

the synthetic gene dilutions. For BQCV, 10 µL of Supermix 2X, 0.8 µL of primers (400nM), 

6.4 µL of nuclease free dH2O and 2 µL of cDNA or the synthetic gene dilutions. The primer 

sequences and amplification cycles were those described in previous studies for DWV(12) and 

BQCV(13).  

 

The thermocycler software calculated the efficiency, determination coefficient (R2), and the 

slope of the viral RNA standard curve. To calculate the amount of viral RNA in the serial 

dilutions the following equation was used: 

 

Number of viral RNA copies = (ng of synthetic gene) (6.022x1023) /(length of synthetic gene) 

(1x109) (650 D). Where: 650 D is the average weight of a base pair and 6.022x1023 is the 

Avogadro number(14). A graph using Ct values with the initial number of RNA viral copies 

and the number of DWV and BQCV copies of the samples was calculated using a regression 

equation. 

 

To determine if there were differences between regions for viral prevalence, the data were 

analyzed with comparative tests for equality of proportions, using the Benjamini-Hochberg 

correction. Also, the data on infection intensity were subjected to Shapiro-Wilk and Bartlett 

tests to analyze the assumptions of normality and homoscedasticity, respectively. The data 

did not comply with the assumptions and thus, were log transformed and subjected to 

analyses of variance. When significance was detected, the regional means were compared 

with t tests using the Benjamini-Hochberg correction. All the statistical analyses were 

performed with the R 3.3.1 program (Foundation for Statistical Computing, Vienna, Austria). 

 

Two viruses were detected in the honey bee samples from all regions of Jalisco, BQCV 

(Figure 1) and DWV (Figure 2). The other two viruses, IAPV and CBPV, were not detected. 

Of the detected viruses, the prevalence of BQCV at the state level was 66 % and that of DWV 

was 38 %. The prevalence and intensity of the viral infections identified are shown in Table 

1.  
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Figure 1: Photograph of an agarose gel that shows bands of 698 bp of black queen cell 

virus (BQCV) in columns 1, 2, 5, 6, 7 and 8. A honey bee gene (RpS5) is used as a control 

in the RT-PCR reaction 

 
 

Figure 2: Photograph of an agarose gel that shows bands of 642 bp of deformed wing virus 

(DWV) in columns 2, 4 and 6. A honey bee gene (RpS5) is used as a control in the RT-

PCR reaction 

 
 

Table 1: Prevalence and mean intensity of viral infections that affect honey bee colonies in 

the state of Jalisco, Mexico 

Pathogen N Prevalence (%) Intensity ± E.E.1 

Deformed wing virus 79 38.0 4,083.40 ± 2,676.051 

Back queen cell virus 79 65.8 0.49 ± 0.233 
1 Number of viral copies per µg of RNA x 106 

 

At the regional level, DWV prevalence in colonies from the Southeast and North regions was 

only 8 %, which was significantly lower than those of colonies from the South, Sierra Amula, 

and Center regions (P<0.05, Table 2). For DWV infection intensity, there were no significant 

differences between colonies of different regions (F5,73= 0.64, P=0.67). 
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Table 2: Prevalence and mean infection intensity of deformed wing virus (DWV) in adult 

workers of honey bee colonies in different regions of the state of Jalisco, Mexico 

Region N Prevalence (%) Intensity ± E.E.1 

Highlands 12 33.3 a,b 368.81 ± 239.91 

Center 12 66.7 a  955.33 ± 611.20 

Sierra Amula 15 60.0 a  14,652.31 ± 13,740.36 

North 12 8.3 b 176.67 ± 85.12 

South 16 50.0 a  955.19 ± 476.21 

Southeast 12 8.3 b 5,778.83 ± 3,860.24 
1 Number of viral copies per µg of RNA x 106. 

ab Different literals indicate significant differences based on tests for equality of proportions using the 

Benjamini-Hochberg correction (P<0.05). 

 

BQCV was detected in 42 to 81 % of the colonies from the different studied regions, but 

there was no significant difference between regions for BQCV prevalence (P>0.05, Table 3). 

However, for BQCV infection intensity, regions varied significantly (F5,73= 7.14, p< 0.01). 

For example, the South region had colonies with infection intensities significantly higher 

than those of colonies from the rest of the regions, except the Center region that was second 

for BQCV levels. The North region had the colonies with the lowest titers of BQCV 

infections.   

 

Table 3: Prevalence and mean infection intensity of black queen cell virus (BQCV) in adult 

workers of honey bee colonies in different regions of the state of Jalisco, Mexico 

Region N Prevalence (%) Intensity ± E.E.1 

Highlands 12 41.7 0.12 ± 0.07 b,c 

Center 12 66.7 0.37 ± 0.21 a,b 

Sierra Amula 15 66.7 0.06 ± 0.05 c,d 

North 12 58.3 0.02 ± 0.01 d 

South 16 81.2 1.94 ± 1.08 a 

Southeast 12 75.0 0.03 ± 0.01 d 
1 Number of viral copies per µg of RNA x 106. 

abcd Different literals indicate significant differences based on ANOVA and t tests using the Benjamini-

Hochberg correction (P<0.05) of log transformed data. 

 

In Mexico, there is little information about the presence of honey bee viral diseases, since 

viruses like DWV, IAPV, and BQCV were molecularly diagnosed for the first time just a 

decade ago in the Mexican high plateau(4,5), but nothing is known about the prevalence or 

infection intensity of these viruses in almost all states of the country. In northern Mexico, 

IAPV, DWV, sac brood bee virus (SBV), Kashmir bee virus (KBV), and filamentous virus 

(FV) were reported in colonies from the state of Chihuahua, but its prevalence and infection 

intensity were not determined(15,16). Therefore, the results of this study are a reference point 

for future research in Mexico’s regions of beekeeping importance. 
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In other countries of the Americas, several prevalence rates of honey bee viruses have been 

reported. However, most colonies of other countries have in common the prevalence of DWV 

and BQCV. For example, in Uruguay, 100% of the analyzed colonies were infected with 

DWV and BQCV(17,18). In Argentina and Chile, the most prevalent honey bee virus was 

DWV, which was detected in 35 y 37 % of the colonies sampled, respectively(19,20). In Cuba, 

DWV was the most prevalent virus, which was detected in 91 % of the colonies surveyed, 

but BQCV was not detected(21). In Colombia, both viruses were detected at a prevalence of 

19.9 and 10.6 %, respectively(22). In North America, the prevalence of eight honey bee viruses 

was determined during six years in the USA, and in every single year, DWV was the most 

common of all viruses at a prevalence that ranged between 65 and 92 %, closely followed by 

BQCV with a prevalence range of 60 to 92 %(23).  

 

Regarding viral infection intensities, with the exemption of reports from the USA and 

Canada, no study so far conducted in Central America, the Caribbean, or Mexico, has 

reported infection levels of honey bee viruses in different regions of a state, like this study 

does. Therefore, to the best of our knowledge, this is the first study to report infection levels 

of honey bee viruses at a regional level. 

 

The prevalence of viruses varied between regions. DWV prevalence was significantly lower 

(8 %) in colonies of the Southeast and North regions than in other regions. Conversely, the 

prevalence of DWV in the regions South, Sierra Amula, and Center, was over 50 %. 

However, there were no differences for the intensity of infections of DWV between regions 

because viral infection levels were high in all regions. No differences in the prevalence of 

BQCV were found between colonies of different regions, however, their infection levels 

varied between colonies from one region to another. The colonies of the South region had 

higher BQCV infection levels than the colonies of the rest of the regions, except for the 

Center region. Regarding infection intensity, mean DWV infection levels were very high, 

with 4083.4 X 106 viral copies per µg of RNA, whereas for BQCV infection levels were 

relatively low, with 0.49 X 106 viral copies per µg of RNA. Thus, the intensity of DWV 

infection in honey bees from Jalisco was approximately 8,000 times higher than that of 

BQCV infection.  

 

Some of the factors that could have influenced the differences in viral prevalence and 

infection intensity in honey bee colonies between Jalisco’s regions include environmental 

effects, bee genotype, and possibly different viral strains. Regarding climatic effects, it is 

known that DWV infections are more prevalent and intense in colonies located in temperate 

climates than in colonies established in tropical climates(24). The authors of the cited study 

proposed that this occurs because colder climates favor the transmission and replication of 

DWV and could reduce the immune responses of bees, making them more susceptible to the 

virus. The authors also found an effect of the interaction between climate and parasitism by 

V. destructor, a mite that is strongly related to the prevalence and infection intensity of DWV, 
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since it not only serves as a vector of the virus, but the virus multiplies in the mite’s 

tissues(25,26). Therefore, colonies with greater V. destructor infestation rates tend to have 

higher DWV prevalence and infection intensity than colonies with low mite infestation 

levels(27). Furthermore, the genotype of bees varies with their degree of Africanization. It has 

been shown that the intensity of infection caused by DWV and BQCV is higher in colonies 

with bees of European mitotype or morphotype than in colonies with bees of African 

mitotype or morphotype(28). It is possible that the colonies that were less infected with viruses 

in this study, had a greater degree of Africanization than the more infected ones. However, 

this hypothesis would have to be investigated in future studies. 

 

The high levels of DWV infection found in this study are concerning because if beekeepers 

neglect their V. destructor control measures, the prevalence and intensity of DWV infections 

could increase. It is known that together with Varroa parasitism, this virus can weaken 

colonies until they collapse(1). Therefore, it is essential to emphasize the importance of 

implementing an adequate control strategy for V. destructor infestations to keep DWV 

infections as low as possible in honey bee colonies. Regarding BQCV, although it had a high 

prevalence in colonies of most regions, its infection levels were low. However, this study 

was seasonal, and thus, studies would have to be carried out throughout an entire year and 

for several years, to confirm if it is a virus that could represent potential damage to the 

beekeeping industry in Jalisco. 

 

In conclusion, the most prevalent honey bee virus in the state of Jalisco was BQCV, which 

was detected in 66 % of the colonies, while DWV was detected in 38 % of them. Infection 

levels of DWV were high (8,000 times higher than those of BQCV). The regions with the 

highest DWV prevalence were Center, South, Highlands, and Sierra Amula. Regarding the 

intensity of DWV infections, there were no significant differences between regions. There 

were also no significant differences between regions for BQCV prevalence, but there were 

for infection intensity of this virus. The regions with the highest infection levels were the 

South and Center regions. Additional studies are recommended with surveys conducted 

during different seasons of the year and for several years, to find out under what conditions 

and seasons, viruses could be harmful to the beekeeping industry, and to design control 

strategies. 

 

 

Acknowledgments and conflict of interest 

 

 

The authors thank the 42 beekeepers that kindly allowed the collection of honey bee samples 

from their colonies. Sara Dino, Ulises Nuño, Shaira Alvarado and Miriam Rangel, helped 

with sample collection. This study was partially financed by CUSur research funds granted 



Rev Mex Cienc Pecu 2024;15(2):471-482 
 

479 

to J.T. and by the University of Guelph Pinchin fund granted to E.G. The authors declare not 

to have conflict of interest. 

 

Literature cited: 

1. Dainat B, Evans JD, Chen YP, Gauthier L, Neumann P. Dead or alive: deformed wing 

virus and Varroa destructor reduce the life span of winter honeybees. Appl Environ 

Microbiol 2012;78(4):981-987. https://doi.org/10.1128/AEM.06537-11. 

2. Cox-Foster DL, Conlan S, Holmes EC, Palacios G, Evans JD, Moran NA, et al. A 

metagenomic survey of microbes in honey bee colony collapse disorder. Science 

2007;318(5848):283-287. https://doi.org/10.1126/science.1146498. 

3. Evans JD, Saegerman C, Mullin C, Haubruge E, Nguyen BK, Frazier M, et al. Colony 

collapse disorder: a descriptive study. PloS ONE 2009;4(8):e6481. 

https://doi.org/10.1371/journal.pone.0006481. 

4. Guzman-Novoa E, Hamiduzzaman MM, Espinosa-Montaño LG, Correa-Benítez A, 

Anguiano-Báez R, Ponce-Vázquez R. First detection of four viruses in honey bee (Apis 

mellifera) workers with and without deformed wings and Varroa destructor in México. 

J Apic Res 2012;51(4):342-346. https://doi.org/10.3896/IBRA.1.51.4.08. 

5. Guzman-Novoa E, Hamiduzzaman MM, Correa-Benítez A, Espinosa-Montaño LG, Uribe-

Rubio JL. A scientific note on the first detection of black queen cell virus in honey bees 

(Apis mellifera) in Mexico. Apidologie 2013;44(4):382-384. 

https://doi.org/10.1007/s13592-012-0191-4. 

6. Servicio de Información Agroalimentaria y Pesquera. Panorama Agroalimentario, edición 

2022. México. 2022: Secretaría de Agricultura y Desarrollo Rural; 2022. 

https://www.gob.mx/siap/acciones-y-programas/panorama-agroalimentario-258035. 

7. Contreras-Escareño F, Pérez-Armendáriz B, Echazarreta CM, Cavazos-Arroyo J, Macías-

Macías JO, Tapia-González JM. Características y situación actual de la apicultura en las 

regiones Sur y Sureste de Jalisco, México. Rev Mex Cienc Pecu 2013;4(3):387-398. 

8. Chen YP, Higgins JA, Feldlaufer MF. Quantitative real-time reverse transcription-PCR 

analysis of deformed wing virus infection in the honeybee (Apis mellifera L.). Appl 

Environ Microbiol 2005;71(1):436-441. https://doi.org/10.1128/AEM.71.1.436-

441.2005. 

9. Tentcheva D, Gauthier L, Zappulla N, Dainat B, Cousserans F, Colin ME, et al. Prevalence 

and seasonal variations of six bee viruses in Apis mellifera L. and Varroa destructor 

mite populations in France. Appl Environ Microbiol 2004;70(12):7185-7191. 

https://doi.org/10.1128/AEM.70.12.7185-7191.2004. 

https://doi.org/10.1128/AEM.06537-11


Rev Mex Cienc Pecu 2024;15(2):471-482 
 

480 

10. Maori E, Paldi N, Shafir S, Kalev H, Tsur E, Glick E, et al. IAPV, a bee‐affecting virus 

associated with Colony Collapse Disorder can be silenced by dsRNA ingestion. Insect 

Mol Biol 2009;18(1):55-60. https://doi.org/10.1111/j.1365-2583.2009.00847.x. 

11. Li B, Deng S, Yang D, Hou C, Diao Q. Complete sequences of the RNA 1 and RNA 2 

segments of chronic bee paralysis virus strain CBPV-BJ detected in China. Arch Virol 

2017;162(8):2451-2456. https://doi.org/10.1007/s00705-017-3373-6. 

12. Di Prisco G, Cavaliere V, Annoscia D, Varricchio P, Caprio E, Nazzi F, et al. 

Neonicotinoid clothianidin adversely affects insect immunity and promotes replication 

of a viral pathogen in honey bees. PNAS 2013;110(46):18466-18471. 

https://doi.org/10.1073/pnas.1314923110. 

13. Chantawannakul P, Ward L, Boonham N, Brown M. A scientific note on the detection of 

honeybee viruses using real-time PCR (TaqMan) in varroa mites collected from a Thai 

honeybee (Apis mellifera) apiary. J Invertebr Pathol 2006;91(1):69-73. 

https://doi.org/10.1016/j.jip.2005.11.001. 

14. Morfin N, Macías-Macías JO, Guzman-Novoa E. Viral quantification in bee samples 

using synthetic DNA sequences with Real-Time PCR (qPCR). In: Aquino de Muro M 

editor. Virus-Host Interactions: Methods and Protocols, Meth Mol Biol 2610. New 

York, NY, USA: Springer Nature;2023:57-66, https://doi.org/10.1007/978-1-0716-

2895-9_5. 

15. García-Anaya MC, Romo-Chacón A, Zamudio-Flores PB, Ríos-Velasco C, Acosta-

Muñiz CH. Detection of viruses in colonies of honey bees (Apis mellifera L.) in the state 

of Chihuahua, Mexico. J Apic Res 2016;55(3):240–242. 

https://doi.org/10.1080/00218839.2016.1226605. 

16. García-Anaya MC, Romo-Chacón A, Sáenz-Mendoza AI, Pérez-Ordoñez G, Acosta-

Muñiz CH. Detection of Israeli acute paralysis virus (IAPV) and Apis mellifera 

filamentous virus (AmFV) in honey bees in Mexico. J Apic Sci 2018;62(1):141. 

https://doi.org/10.2478/jas-2018-0009. 

17. Antúnez K, D’Alessandro B, Corbella E, Ramallo G, Zunino P. Honeybee viruses in 

Uruguay. J Invertebr Pathol 2006;93(1):67-70. 

https://doi.org/10.1016/j.jip.2006.05.009. 

18. Mendoza Y, Antúnez K, Branchiccela B, Anido M, Santos E, Invernizzi C. Nosema 

ceranae and RNA viruses in European and Africanized honeybee colonies (Apis 

mellifera) in Uruguay. Apidologie 2014;45(2):224-234. https://doi.org/10.1007/s13592-

013-0241-6. 



Rev Mex Cienc Pecu 2024;15(2):471-482 
 

481 

19. Molineri AI, Pacini A, Giacobino A, Bulacio-Cagnolo N, Aignasse A, Zago L, et al. 

Prevalence of honey bee (Apis mellifera) viruses in temperate and subtropical regions 

from Argentina. Rev Argent Microbiol 2017;49(2):166-173. 

https://doi.org/10.1016/j.ram.2016.12.004. 

20. Vargas M, Arismendi N, Riveros G, Zapata N, Bruna A, Vidal M, et al. Viral and 

intestinal diseases detected in Apis mellifera in Central and Southern Chile. Chil J Agric 

Res 2017;77(3):243-249. http://dx.doi.org/10.4067/S0718-58392017000300243. 

21. Luis AR, García CAY, Invernizzi C, Branchiccela B, Piñeiro AMP, Morfi AP, et al. 

Nosema ceranae and RNA viruses in honey bee populations of Cuba. J Apic Res 

2020;59(4):468-471. https://doi.org/10.1080/00218839.2020.1749451. 

22. Tibatá VM, Sánchez A, Palmer-Young E, Junca H, Solarte VM, Madella S, et al. 

Africanized honey bees in Colombia exhibit high prevalence but low level of infestation 

of Varroa mites and low prevalence of pathogenic viruses. PLoS ONE 

2021;16(5):e0244906. https://doi.org/10.1371/journal.pone.0244906. 

23. Traynor KS, Rennich K, Forsgren E, Rose R, Pettis J, Kunkel G, et al. Multiyear survey 

targeting disease incidence in US honey bees. Apidologie 2016;47(3):325-347. 

https://doi.org/10.1007/s13592-016-0431-0. 

24. Anguiano-Báez R, Guzman-Novoa E, Hamiduzzaman MM, Espinosa-Montaño LG, 

Correa-Benítez A. Varroa destructor (Mesostigmata: Varroidae) parasitism and climate 

differentially influence the prevalence, levels, and overt infections of deformed wing 

virus in honey bees (Hymenoptera: Apidae). J Insect Sci 2016;16(1):44. 

https://doi.org/10.1093/jisesa/iew029. 

25. Gisder S, Aumeier P, Genersch E. Deformed wing virus: replication and viral load in 

mites (Varroa destructor). J Gen Virol 2009;90(2):463-467. 

https://doi.org/10.1099/vir.0.005579-0. 

26. Sabahi Q, Morfin N, Nehzati-Paghaleh G, Guzman-Novoa E. Detection and replication 

of deformed wing virus and black queen cell virus in parasitic mites, Varroa destructor, 

from Iranian honey bee (Apis mellifera) colonies. J Apic Res 2020;59(2):211-217. 

https://doi.org/10.1080/00218839.2019.1686576. 

27. Emsen B, Hamiduzzaman MM, Goodwin PH, Guzman-Novoa E. Lower virus infections 

in Varroa destructor-infested and uninfested brood and adult honey bees (Apis 

mellifera) of a low mite population growth colony compared to a high mite population 

growth colony. Plos ONE 2015;10(2):e0118885. 

https://doi.org/10.1371/journal.pone.0118885. 



Rev Mex Cienc Pecu 2024;15(2):471-482 
 

482 

28. Ramos-Cuellar AK, De la Mora A, Contreras-Escareño F, Morfin N, Tapia-González JM, 

Macías-Macías JO, et al. Genotype, but not climate, affects the resistance of honey bees 

(Apis mellifera) to viral infections and to the mite Varroa destructor. Vet Sci 

2022;9(7):358. https://doi.org/10.3390/vetsci9070358. 

 

 


