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Abstract:

Jalisco is one of the main honey bee producing states in Mexico. However, information on
the parasitoses that affect the productivity of honey bee (Apis mellifera) colonies in the state
is limited and addresses only a few regions. The objective of this study was to determine the
prevalence and intensity of two parasitic diseases of Apis mellifera —varroosis (Varroa
destructor) and nosemosis (Vairimorpha spp.)— in six regions of Jalisco. Bees from 365
colonies collected during the spring were analyzed. Varroosis was the most frequent
parasitosis (90 %), and nosemosis was the least frequent (15 %). The infestation or infection
levels of these parasitoses were generally low: <5 % (mites per 100 bees) for varroosis, and
<310,000 spores/bee for nosemosis. The regions with the highest prevalence and intensity of
V. destructor were the Highlands, the Center, and the South, while infections by Vairimorpha
ceranae —the only species of the fungus found— were significantly higher in the
Southeastern and Southern regions. It is advisable to carry out epidemiological studies at
other times of the year in order to detect possible seasonal effects of parasitoses for the
purpose of designing strategies for their control.
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Introduction

Beekeeping in Mexico is an activity with a high ecological, social and economic impact.
Western honey bees (Apis mellifera) provide an important environmental service by
pollinating native flora, which helps maintain ecosystems, and pollinating economically
important crops®. In addition, beekeeping is an important source of employment and income
for rural areas and of foreign currency for the country through the export of honey®. Mexico
is one of the leaders in the production and export of honey in the world, and Jalisco is one of
the main honey producing states in the country. Jalisco reached the third place in honey
production in 2021 with 6,073 t, with an inventory of over 145 thousand hives ©.

Honey bee diseases cause losses estimated at approximately US$6 million per year in
Mexico®. It is therefore important to know their prevalence and distribution in order to
control them. Among the diseases and parasitoses affecting honey bees, varroosis caused by
the ecto-parasitic mite Varroa destructor is the most common. This parasite is considered to
be the health issue that causes most damage to the beekeeping industry worldwide®?". The
mite feeds on the hemolymph and fat tissue of the bee; it inhibits its immune system, shortens
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its life, and is a vector of viruses"®1Y. Varroa destructor was first reported in 1992 in
Veracruz, Mexico?, and is currently distributed across the country®®. Another important
parasitosis is nosemosis, which is caused by two species of microsporidia fungi: Vairimorpha
apis and V. ceranae. These fungi infect the epithelial cells of the bee ventricle, causing
digestive disorders that weaken and shorten the life of infected insects and reduce honey
production*%, Vairimorpha apis has existed for many years in Mexico, but V. ceranae was
detected in 201019, although evidence of its presence since 1995 was later obtained in the
state of Mexico®".

Regarding the sanitary status of honey bee colonies in the state of Jalisco, the prevalence and
degree of infestation of the mite V. destructor were recently reported in two regions of the
state®. The average prevalence was 88 % and the infestation level was 5.2 % (number of
mites in 100 bees). In addition to the above, in Jalisco there is information on the presence
and intensity of infections by Vairimorpha spp. fungi in municipalities in the south and
southeast of the state, but not in other regions. 83.7 % of the positive samples showed light
infections™®.

For beekeeping purposes, the state of Jalisco has been divided into six different regions that
vary in topography and climate, and include the Highlands, Central, Northern, Sierra Amula,
Southern and Southeastern regions. More than half of the state's producers and hives are
located in the South and Southeast regions®@,

Since the existing information on the presence of parasitoses affecting honey bees in the state
of Jalisco is partial and available only for some regions, it was considered relevant to generate
updated information on the level of infestation or infection of two of the main parasitoses
affecting honey bees in Mexico® and on whether there is any relationship between them
and the different regions of the state. Therefore, the objective of this study was to determine
the prevalence and level of varroosis and nosemosis infestation or infection in honey bee
samples from six regions of the state of Jalisco, Mexico.

Material and methods
Sampling

Brood and adult bee samples were collected from colonies located in 30 municipalities within
the six beekeeping regions of the state of Jalisco (Table 1) at the beginning of spring, and
during March, April and May 2018. Two or three apiaries were visited in each municipality,
and five colonies were randomly selected from each apiary. A total of 365 colonies were
sampled, from each of which the following samples were collected: 1) a sample of
approximately 300 adult bees collected from the brood nest in a 250 ml pet container with
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70% ethanol for diagnosis and determination of V. destructor infestation levels in adult bees;
2) a comb sample (10x10 cm) containing capped brood with pigmented-eye pupae, which
was transported in a cooler with refrigerants for diagnosis and determination of V. destructor
infestation levels in the brood; 3) a sample of approximately 70-80 adult bees in a 250 ml pet
container with 70% ethanol, obtained from the entrance of each hive, for the diagnosis and
determination of Vairimorpha spp. infection levels.

Table 1: Regions, municipalities, and number of honey bee samples collected

Region Municipality No. Samples
Atotonilco 11
Higlands Lagos_ d,e Moreno 10
Tepatitlan 15
Zapotlanejo 15
Cocula 15
Jamay 13
Center Tlajomulco 15
Tonala 15
Autlan 10
Cuautitlan 10
Sierra Amula La Huerta 10
Mascota 15
Tonaya 10
Colotlan 5
Encarnacién de Diaz 15
North Huejucar , 5
Santa Maria 5
Teocaltiche 15
Yahualica 15
Gomez Farias 8
San Gabriel 10
Sayula 15
South Tapalpa 16
Toliman 5
Zapotiltic 15
Zapotlan el Grande 12
Concepcién de Buenos Aires 15
Pihuamo 15
Southwest Tamazula 15
Tecalitlan 15
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Sample processing

Tests for varroosis in brood, varroosis in adult bees, and nosemosis were performed at the
Bee Research Center (Centro de Investigaciones en Abejas, CIABE) located at the Southern
University Center (Centro Universitario del Sur, CUSur) of the University of Guadalajara, in
Zapotlan el Grande, Jalisco, Mexico. DNA analysis of spores from Vairimorpha spp. positive
samples was also performed in order to differentiate between V. apis and V. ceranae. These
analyses were performed at the Honeybee Research Centre of the School of Environmental
Sciences, University of Guelph, Guelph, Ontario, Canada.

Diagnosis and quantification of Varroa destructor in adult bees and brood

For adult bees, the ethanol wash technique was used®?. The container of each sample was
shaken for 3 min to separate the mites from the bees, and the contents were poured into a
strainer with 8-frame/inch wire mesh. A plastic container covered with a white cotton cloth
was placed under the strainer. The bees were retained on the wire mesh, and the mites, on the
white cloth. Subsequently, the mites and bees were counted to determine the percentage of
adult infestation (number of mites in every 100 bees). In order to determine mite infestation
in the brood, the procedure was performed by direct observation under a stereoscopic
microscope. In each comb sample, 200 cells were uncapped to look for the presence of V.
destructor in order to count the number of cells with mites present and thus determine the
percentage of infested cells.

Diagnosis and quantification of Vairimorpha spp.

Infection by Vairimorpha spp. was diagnosed and quantified by observation and counting of
parasite spores®. Briefly, the abdomens of 60 bees per sample were macerated with 60 ml
of H20 in a mortar, and a drop of the macerate was placed on a slide to observe the parasite
spores under an optical microscope (Olympus CX31; CDMX, Mexico) at 400 X. In positive
samples, the intensity of the infection was determined by counting the spores in a Neubauer
chamber.

Nosemosis-positive samples were also subjected to molecular diagnosis in order to
differentiate between V. apis and V. ceranae. Spore DNA extraction and PCR procedures
were performed according to a standard protocol®. For PCR amplification, a set of three
specific primers was used in a triplex PCR consisting of co-amplification of the 16S rRNA
gene from V. apis and V. ceranae, with the honey bee ribosomal protein S5 (RpS5) gene as
a control for the reaction.
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PCR reactions were performed on an Arktik thermocycler (Thermo Scientific; Missisauga,
ON, Canada). Each reaction contained 1.5 pL of 10x pH PCR buffer (New England BioL abs;
Pickering, ON Canada), 0.5 uL of 10 nM dNTPs (Bio Basic Inc; Markham, ON Canada), 1
pl of each 10 uM oligonucleotide, 2 uL of DNA, 0.2 pL of Taq polymerase 5 U/ul (Applied
Biological Materials Inc.), and 8.8 pL of nuclease-free H20 (Invitrogen; Burlington, ON,
Canada). The primer sequences used, as well as the amplification cycles were those described
by Hamiduzzaman et al®®,

PCR products were separated by electrophoresis on 1.1% agarose gels and stained with
ethidium bromide. The amplified bands were captured with a digital camera inside a UV
Transilluminator (Benchtop-I1tM Imaging System; Upland, CA, EUA).

Statistical analyses

To determine whether there were differences between regions for the prevalence of
parasitoses in the studied colonies, the data were analyzed using tests of equality of
proportions and the Benjamini-Hochberg correction. Before analyzing and comparing such
continuous variables as the intensity of infestations or infections, the data were subjected to
Shapiro-Wilk and Bartlett tests for the purpose of analyzing the assumptions of normality
and homoscedasticity, respectively. The data did not have a normal distribution and were not
homoscedastic; therefore, they were analyzed with nonparametric statistical tests. In order to
compare the intensity of varroosis and nosemosis between regions, the data were subjected
to Kruskal-Wallis tests. When the differences were significant, pairwise comparisons of
treatments were made using Dunn's test and the Benjamini-Hochberg correction. All
statistical analyses were performed with the R 3.3.1 software (Foundation for Statistical
Computing, Vienna, Austria).

Results

The most prevalent parasitosis in Jalisco was varroosis, which was detected in 90 % of the
sampled colonies, while nosemosis was detected only in 15 % of them (Table 2). Of the two
Vairimorpha species infecting honey bees, only V. ceranae was detected (Figure 1), while V.
apis was not. Table 2 shows the intensity of the diagnosed etiological agents.
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Table 2: Prevalence and average intensity of parasitosis (infestation or infection) from
parasites affecting honey bee colonies in the state of Jalisco, Mexico

Parasites N Prevalence (%) Intensity £ SE
Varroa destructor/brood 365 90.1 450 + 0.34
Varroa destructor/adults 365 90.1 4.15+0.19!
Vairimorpha ceranae 365 145 161,046 + 38,0552

SE= standard error.
INumber of mites in 100 brood cells or in 100 adult bees.
2Number of spores per bee.

Figure 1: Photograph of an agarose gel showing bands of 218 base pairs of a Vairimorpha
ceranae ribosomal RNA gene fragment in columns 1 to 5 and 7 to 10. A positive control
(PC) is used in the RT-PCR reaction
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In the results by region, the prevalence of V. destructor in both brood and adult bees was
significantly higher in the Highlands, Center, and South than in the North (P< 0.05; Tables
3 and 4). In addition, the intensity of V. destructor infestations in brood also varied among
regions. The most intense parasitism of the mite in the brood was found in colonies in the
Southern and Highlands regions with 7.1 + 1.0 % and 5.6 £ 0.8 %, respectively. These
infestation levels were significantly higher than those found in the colonies of the other
regions, except for the Central region (y?= 43.0, sd= 5, P<0.01; Table 3). In adult bees, there
were also differences between regions. The most intense parasitism by V. destructor was
again found in colonies of the Southern and Highlands regions, with 4.6 £ 0.4 % and 5.9 +
0.5 %, respectively. The mite infestation intensities of adult bees in colonies in these two
regions and the Central region were significantly higher than those of bees from the Northern
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region, at only 2.7 £ 0.4 %, but did not differ from the infestation intensities found in colonies
of the other regions (y= 34.3, sd= 5, P<0.01; Table 4).

Table 3: Prevalence and average intensity of Varroa destructor parasitosis in the brood of
honey bee colonies in different regions of the state of Jalisco, Mexico

Region N Prevalence (%) Intensity + SE?
Highlands 51 88.2° 5.60 £ 0.83?
Center 58 81.0 4.15 +0.53%
Sierra Amula 55 56.4° 2.31+£0.61°
North 60 65.0° 3.84 +0.81%
South 81 86.4% 7.07 £1.012
Southeast 60 66.7° 3.09 £+ 0.60°

SE= standard error.
INumber of mites in 100 brood cells.

3¢ Different letters indicate significant differences (P<0.05).

Table 4: Prevalence and average intensity of Varroa destructor parasitosis in adult workers
of honey bee colonies in different regions of the state of Jalisco, Mexico

Region N Prevalence (%) Intensity + SE?
Highlands 51 98.0% 5.89 + 0.55°
Center 58 98.3% 4,50 + 0.49%
Sierra Amula 55 90.9° 3.60 + 0.42
North 60 75.0° 2.70 £ 0.43°
South 81 92.62 4.61 +0.42%
Southeast 60 86.7% 3.72 + 0.45™

SE= standard error.
INumber of mites in 100 adult bees.

ab¢ Different letters indicate significant differences (P< 0.05).
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For nosemosis, the prevalence of parasitosis caused by V. ceranae was relatively low, ranging
from 7 to 18 %, with no significant differences between regions (P>0.05, Table 5). The
intensity of infection caused by this parasite was relatively low and ranged between 39,375
+ 10,625 to 309,091 * 166,960 spores/bee in the positive colonies of the different regions
studied, among which there were significant differences for the level of infection (%= 11.1,
df=5, P<0.05).

Table 5: Prevalence and mean intensity of nosemosis (Vairimorpha ceranae) in adult
workers of honey bee colonies in different regions of the state of Jalisco, Mexico

Region N Prevalence (%) Intensity + SE?
Highlands o1 17.6 66,667 + 11,024
Center 58 121 107,143 + 22,961
Sierra Amula 55 18.2 130,000 + 21,016%
North 60 6.7 39,375 + 10,625°
South 81 17.3 189,286 + 63,800?
Southeast 60 18.3 309,091 + 166,960?

SE= standard error.
'Number of spores per bee of the samples that tested positive.
e Different letters indicate significant differences (P<0.05).

Discussion

Varroosis was the most prevalent parasitosis, as it was diagnosed in 90 % of the colonies
sampled in Jalisco; however, the average levels of infestation by V. destructor were low, with
less than 5 % parasitism in both brood and adult bees. These results are in agreement with a
previous study carried out in the state, which found a prevalence of 88 % and an infestation
level of 5 % of the parasite in colonies located in the southern and southeastern regions of
Jalisco®). This study, however, was broader, as it included regions of central and northern
Jalisco that were not studied in the aforementioned work.

In other regions of Mexico, results similar to those of this study have been observed. For
example, in the north of the country, in the state of Zacatecas, a varroosis prevalence of
88 % and an infestation level of 5 % in autumn and of 3.5 % in spring were reported¥,
Although the level of infestation was reported in different seasons, the results are not far from
those found in this study. In the central region of the country, in the State of Mexico, a 100%
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prevalence of varroosis was found in five municipalities in the eastern zone, with the highest
infestation rate of 7.9 %, and the lowest, of 3.5 %>, Alternatively, in southeastern Mexico,
specifically in the state of Yucatan, a varroosis prevalence of 62.9 % was found in honey bee
colonies with an infestation level of only 1.7 %9, Both percentages are lower than the ones
reported in this study and in other Mexican states, possibly due to the fact that the
aforementioned studies were carried out in the central and northern states of the country
where the climate is temperate to cold, as opposed to Yucatan, where the climate is tropical.
The environment, together with the Africanization of honey bee colonies, is known to be one
of the most influential factors in V. destructor infestations®”. In Yucatan, the degree of
Africanization of bees is significantly higher than in other regions of the country®®. In
general, honey bee colonies located in temperate climates tend to be more susceptible to the
mite because they tend to have bees with predominantly European ancestry, in addition to
the stress caused by the winter weather conditions that affect the survival of colonies, because
during part of the winter, queen bees stop laying eggs or drastically reduce their laying rate
and, consequently, the adult bee population®. In contrast, in tropical regions, honey bee
colonies are less affected by varroa mite infestations, largely because these regions are
dominated by African ancestry, which is strongly associated with characteristics that confer

honey bees a higher degree of resistance to the parasite compared to predominantly European
bees(24:30-32)

Although the prevalence of varroosis is high in Jalisco and other regions of the country, this
is an expected result because the behavior of the bees and their current management favor
the dispersion of V. destructor between colonies. Bees (worker bees and drones) frequently
enter other colonies, carrying mites with them®®. Also, the robbing behavior (robbing honey
from other colonies) of the bees favors the dispersion of the mite(”). In addition, the short
distance between hives in the apiaries favors the mite dispersion®¥,

The average level of V. destructor infestation found in the colonies in Jalisco was generally
low, less than 5 %, as recommended by the Mexican standard for varroosis control®.
However, in some regions, such as the South and Highlands, infestation levels were higher
than 5 %, while in the North they were lower than 4 %. This could be partly explained by the
density of bee hives in the various regions, as in the south, the largest number of bee hives in
the state is concentrated in a relatively small territorial extension compared to the other
regions, while in the north, there is a lower concentration of bee hives in a larger territorial
extension@),

Among the implications of these results, in certain regions such as the South and Highlands,
the increased parasitism by V. destructor may affect colony development and honey
production, as demonstrated by Medina-Flores et al®® and Emsen et al®”, who found that
colonies with more than 5 % infestation by V. destructor produced significantly less honey
than colonies with lower levels of parasitism. Arechavaleta-Velasco and Guzman-Novoa®®
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also found that colonies with 2 % infestation by V. destructor produced 65 % more honey
when treated, compared to colonies with 7 % infestation that were not treated. Therefore, it
is recommended that beekeepers in regions where high levels of varroosis (>5%) were found
monitor and use mite control measures in their colonies more frequently, keeping the number
of treatments to a minimum in order not to promote parasite resistance to acaricides.

Nosemosis was the least prevalent honey bee disease in the state of Jalisco, as it was
diagnosed in only 15% of the sampled colonies; in all positive samples only V. ceranae was
detected, and in no case V. apis. It is possible that V. ceranae has displaced V. apis, as seems
to have occurred in other countries®49; but it is also possible that V. ceranae has historically
been the only species of Vairimorpha present in Jalisco, which is difficult to prove, since this
is the first study that has identified the species of Vairimorpha infecting bees in Jalisco.
Further studies are necessary to support these hypotheses. The intensity of the infection with
V. ceranae was relatively low, as all positive samples were classified as having very light
levels of infection (< 310,000 spores/bee)“d.

The present study detected no significant differences in the prevalence of V. ceranae between
regions; however, there were significant differences in the intensity of infections, as colonies
in the Southeast, South and Sierra Amula regions exhibited higher levels of infection than
colonies in the rest of the regions. These results can be explained, at least partially, by the
prevailing type of climate, as these regions are more humid, which favors the presence and
development of microsporidia®®.

The prevalence and intensity of the nosemosis infections observed in this study were lower
than those previously found in Yucatan, with a frequency of 74 % and an infection intensity
of 1°480,000 spores/bee®®. In Nayarit, the prevalence of nosemosis was also higher than in
this study (55.4 % in winter and 33 % in summer), but the intensity of the infection was
lower, with an average of 145,000 spores/bee in winter and 47,000 spores/bee in summer2),
The low prevalence of nosemosis found in this study coincides with that of a study carried
out in Zacatecas, as the presence of Vairimorpha spp. was detected in only 4.7 % of the
sampled colonies®®). This could be due to the fact that the climate of the areas of Zacatecas
where the samples were taken is similar to that of the highlands of the state of Jalisco, where
most of the samples of this study were collected.

In the only previous study that tested for nosemosis in bees in southern and southeastern
Jalisco, nosemosis-positive colonies were found to have light or less than light levels of
infection®®, similarly to the results presented herein. This coincidence between these two
studies may be due to the fact that in most regions of the state of Jalisco there are no
environmental conditions that favor the multiplication of the etiological agents of the disease,
at least in spring, when the samples of both studies were collected. The intensity of the
nosemosis infection of honey bees is usually seasonal. In countries with temperate and cold

108



Rev Mex Cienc Pecu 2024;15(1):98-114

climates and at latitudes above 30°, the intensity of V. apis or V. ceranae infections peaks in
the spring and early summer, but decreases in other seasons™*%. In contrast, in the Mexican
highlands, V. ceranae infections are more intense in summer and autumn, and less intense in
winter and spring”. Therefore, colonies should be sampled in the summer and fall in order
to determine if the intensity of V. ceranae infection is higher than in spring. These studies
would allow to determine whether nosemaosis is a serious problem for the beekeeping industry
in the state of Jalisco and, if it is, during what seasons of the year it constitutes a serious issue.

Conclusions and implications

The most prevalent honey bee parasitosis in the state of Jalisco was varroosis, which was
detected in 90 % of the colonies, while the least prevalent parasitosis was nosemosis, detected
in 15 % of the sampled colonies. In addition, of the two Vairimorpha species analyzed in the
samples, only V. ceranae was detected. The levels of infestation or infection in the case of
these parasitoses were generally low: the level of varroosis was <5%, while nosemosis
infections were classified as very light infections (<310,000 spores/bee). The regions with
the highest prevalence and intensity of V. destructor infestations in both brood and adult bees
were the highlands and the central and southern regions. For the prevalence of nosemosis, no
significant differences were found between colonies of different regions, but the levels of
infection were highest in the Southeast, South and Sierra Amula regions. Further studies are
recommended, with samplings in different seasons of the year and for several years, to
determine under what conditions and during which seasons the studied parasitoses may be
more harmful to the beekeeping industry, as well as to design adequate control strategies.

Acknowledgments and conflict of interest

The authors would like to express their gratitude to the 42 beekeepers who kindly facilitated
the collection of samples from their colonies. To Salvador Hernandez and Magali Rodriguez,
who provided information on the participating beekeepers. To Sara Dino, Ulises Nufio,
Shaira Alvarado, and Miriam Rangel, who helped in the collection of the samples. This study
was partially financed by the CUSur research funds awarded to J.T. and by the Pinchin Fund
awarded by the University of Guelph to E.G. The authors declare that they have no conflict
of interest.

Literature cited:

1. Paudel YP, Mackereth R, Hanley R, Qin W. Honey bees (Apis mellifera L.) and pollination
issues: Current status, impacts, and potential drivers of decline. J Agric Sci
2015;7(6):93. https://d0i:10.5539/jas.v7n6p93.

109



Rev Mex Cienc Pecu 2024;15(1):98-114

o

Magafia MMA, Tavera-Cortés ME, Salazar-Barrientos LL, Sanginés-Garcia JR.
Productividad de la apicultura en México y su impacto sobre la rentabilidad.
REMEXCA 2016;7(5):1103-1115.

w

. Servicio de Informacion Agroalimentaria y Pesquera. Panorama Agroalimentario, edicién
2022. Meéxico. 2022: Secretaria de Agricultura y Desarrollo Rural; 2022.
https://www.gob.mx/siap/acciones-y-programas/panorama-agroalimentario-258035.

4. Guzman-Novoa E, Correa-Benitez A. Patologia, Diagnostico y Control de las Principales
Enfermedades y Plagas de las Abejas Meliferas. 2da ed. CDMC, México: Imagen
Editorial Yire; 2015.

5. Kevan PG, Hannan MA, Ostiguy N, Guzman-Novoa E. A summary of the Varroa-virus
disease complex in honey bees. Am Bee J 2006;146:694-697.

6. Guzman-Novoa E, Eccles L, Calvete Y, McGowan J, Kelly PG, Correa-Benitez A. Varroa
destructor is the main culprit for the death and reduced populations of overwintered
honey bee (Apis mellifera) colonies in Ontario, Canada. Apidologie 2010;41(4):443-
450. https://doi.org/10.1051/apido/2009076.

~

. Rosenkranz P, Aumeier P, Ziegelmann B. Biology and control of Varroa destructor. J
invertebr Pathol 2010;103:596-S1109.

o

. Koleoglu G, Goodwin PH, Reyes-Quintana M, Hamiduzzaman MM, Guzman-Novoa, E.
Effect of Varroa destructor, wounding and varroa homogenate on gene expression in
brood and adult honey Dbees. PloS ONE  2017;12(1):e0169669.
https://doi.org/10.1371/journal.pone.01696609.

(o]

. Koleoglu G, Goodwin PH, Reyes-Quintana M, Hamiduzzaman MM, Guzman-Novoa, E.
Varroa destructor parasitism reduces hemocyte concentrations and prophenol oxidase
gene expression in bees from two populations. Parasitol Res 2018;117(4):1175-1183.
https://doi.org/10.1007/s00436-018-5796-8.

10. Ramsey SD, Ochoa R, Bauchan G, Gulbronson C, Mowery JD, Cohen A, et al. Varroa
destructor feeds primarily on honey bee fat body tissue and not hemolymph. PNAS
2019;116(5):1792-1801. https://doi.org/10.1073/pnas.1818371116.

11. Reyes-Quintana M, Espinosa-Montafio LG, Prieto-Merlos D, Koleoglu G, Petukhova T,
Correa-Benitez A, et al. Impact of Varroa destructor and deformed wing virus on
emergence, cellular immunity, wing integrity and survivorship of Africanized honey
bees in Mexico. J Invertebr Pathol 2019;164:43-48.
https://doi.org/10.1016/j.jip.2019.04.009.

110



Rev Mex Cienc Pecu 2024;15(1):98-114

12

13.

14.

15.

16.

17

18

19

20.

21

Chihu-Amparan D, Rojas-Avalos L, Rodriguez-Dehaibes S. Presencia en Veracruz,
México del acaro Varroa jacobsoni, causante de la varroasis de la abeja melifera (Apis
mellifera L.). Tec Pecu Méx 1992;30:2.

Correa-Benitez A, Anguiano-Baez R, Heneidi-Zeckua A, Davalos-Flores JL, Pefia-Haaz
NT, Pérez-Martinez EE, et al. Prevalence of adult honey bee (Apis mellifera L.) pests
and pathogens in the five beekeeping regions of Mexico. Animals 2023;13:1734.
https://doi.org/10.3390/ani13111734.

Goblirsch M. Nosema ceranae disease of the honey bee (Apis mellifera). Apidologie
2018;49(1):131-150. https://doi.org/10.1007/s13592-017-0535-1.

Emsen B, De la Mora A, Lacey B, Eccles L, Kelly PG, Medina-Flores CA, et al.
Seasonality of Nosema ceranae infections and their relationship with honey bee
populations, food stores, and survivorship in a North American region. Vet Sci
2020;7(3):131. https://doi.org/10.3390/vetsci7030131.

Guzman-Novoa E, Correa-Benitez A, Espinosa-Montafio LG, Guzman-Novoa GG.
Colonizacion, impacto y control de las abejas meliferas africanizadas en México. Vet
Mex 2011;42(2):149-178.

. Guerrero-Molina C, Correa-Benitez A, Hamiduzzaman MM, Guzman-Novoa E. Nosema

ceranae is an old resident of honey bee (Apis mellifera) colonies in Mexico, causing
infection levels of one million spores per bee or higher during summer and fall. J
Invertebr Pathol 2016;141:38-40. https://doi.org/10.1016/j.jip.2016.11.001.

Tapia-Gonzélez JM, Alcazar-Oceguera G, Macias-Macias JO, Contreras-Escarefio F,
Tapia-Rivera JC, Petukhova T, et al. Varroosis en abejas meliferas en diferentes
condiciones ambientales y regionales de Jalisco, México. Ecosist Rec Agropec
2019;6(17):243-251. https://doi.org/10.19136/era.a6n17.2018.

Tapia-Gonzalez JM, Alcazar-Oceguera G, Macias-Macias JO, Contreras-Escarefio F,
Tapia-Rivera JC, Chavoya-Moreno FJ, et al. Nosemosis en abejas meliferas y su
relacion con factores ambientales en Jalisco, México. Rev Mex Cienc Pecu
2017;8(3):325-330. https://doi.org/10.22319/rmcp.v8i3.4510.

Contreras-Escarefio F, Pérez-Armendariz B, Echazarreta CM, Cavazos-Arroyo J,
Macias-Macias JO, Tapia-Gonzéalez JM. Caracteristicas y situacion actual de la
apicultura en las regiones Sur y Sureste de Jalisco, México. Rev Mex Cienc Pecu
2013;4(3):387-398.

. Dietemann V, Nazzi F, Martin SJ, Anderson DL, Locke B, Delaplane, KS, et al. Standard

methods for varroa research. J Apic Res 2013;52:1-54.
https://doi.org/10.3896/IBRA.1.52.1.009.

111



Rev Mex Cienc Pecu 2024;15(1):98-114

22

23

24

25

26.

27

28

29.

30.

31

. Cantwell GE. Standard methods for counting Nosema spores. Am Bee J 1970;110:222—

223.

Hamiduzzaman MM, Guzman-Novoa E, Goodwin PH. A multiplex PCR assay to
diagnose and quantify Nosema infections in honey bees (Apis mellifera). J Invertebr
Pathol 2010;105(2):151-155. https://doi.org/10.1016/j.jip.2010.06.001.

. Medina-Flores CA, Guzman-Novoa E, Hamiduzzaman M, Aréchiga-Flores CF, Lopez-

Carlos MA. Africanized honey bees (Apis mellifera) have low infestation levels of the
mite Varroa destructor in different ecological regions in Mexico. Genet Mol Res
2014;13(3):7282-7293.

. Martinez-Cesareo M, Rosas-Cérdoba J, Prieto-Merlos D, Carmona-Gasca A, Pefia-Parra

B, Avila-Ramos F. Presencia de Varroa destructor, Nosema apis y Acarapis woodi en
abejas (Apis mellifera) de la region oriente del Estado de México. Abanico Vet
2016;6(2):30-38. https://doi.org/10.21929/abavet2016.62.3.

Martinez-Puc JF, Medina-Medina LA, Catzin-Ventura GA. Frecuencia de Varroa
destructor, Nosema apis y Acarapis woodi en colonias manejadas y enjambres silvestres
de abejas (Apis mellifera) en Meérida, Yucatan, México. Rev Mex Cienc Pecu
2011;2(1):25-38.

. Moretto G, Gongalves LS, De Jong D, Bichuette MZ. The effects of climate and bee race

on Varroa jacobsoni Oud infestations in Brazil. Apidologie 1991;22(3):197-203.
https://doi.org/10.1051/apido:19910303.

. Dominguez-Ayala R, Moo-Valle H, May-Itz& WDJ, Medina-Peralta S, Quezada-Euan

JJG. Stock composition of northern neotropical honey bees: mitotype and morphotype
diversity in Mexico (Hymenoptera: Apidae). Apidologie 2016;47(5): 642-652.

Doeke MA, Frazier M, Grozinger CM. Overwintering honey bees: biology and
management. Curr Opin Insect Sci 2015;10:185-193.
https://doi.org/10.1016/j.c0is.2015.05.014.

Guzman-Novoa E, Vandame R, Arechavaleta ME. Susceptibility of European and
Africanized honey bees (Apis mellifera L.) to Varroa jacobsoni Oud. in Mexico.
Apidologie 1999;30(2-3):173-182. https://doi.org/10.1051/apido:19990207.

. Medina LM, Martin SJ. A comparative study of Varroa jacobsoni reproduction in worker

cells of honey bees (Apis mellifera) in England and Africanized bees in Yucatan,
Mexico. Exp Appl Acarol 1999;23(8):659-667.
https://doi.org/10.1023/A:1006275525463.

112



Rev Mex Cienc Pecu 2024;15(1):98-114

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Martin SJ, Medina LM. Africanized honeybees have unique tolerance to varroa mites.
Trends Parasitol 2004;20(3):112-114. https://doi.org/10.1016/j.pt.2004.01.001.

Goodwin RM, Taylor MA, Mcbrydie HM, Cox HM. Drift of Varroa destructor-infested
worker honey bees to neighboring colonies. J Apic Res 2006;45(3):155.
https://doi.org/10.1080/00218839.2006.11101335.

Nolan MP, Delaplane KS. Distance between honey bee Apis mellifera colonies regulates
populations of Varroa destructor at a landscape scale. Apidologie 2017;48(1):8-16.
https://doi.org/10.1007/s13592-016-0443-9.

Norma Oficial Mexicana NOM-001-Z00-1994, Camparia Nacional contra la Varroasis
de las Abejas. Diario Oficial de la Federacion, México, D. F., 28 de abril de 1994.

Medina-Flores CA, Guzman-Novoa E, Aréchiga-Flores CF, Aguilera-Soto JI, Gutiérrez-
Pifia FJ. Efecto del nivel de infestacion de Varroa destructor sobre la produccién de
miel de colonias de Apis mellifera en el altiplano semiarido de México. Rev Mex Cienc
Pecu 2011;2(3):313-317.

Emsen B, Guzman-Novoa E, Kelly PG. Honey production of honey bee (Hymenoptera:

Apidae) colonies with high and low Varroa destructor (Acari: Varroidae) infestation
rates in eastern Canada. Can Entomol 2014;146(2):236-240.
https://doi.org/10.4039/tce.2013.68.

Arechavaleta-Velasco ME, Guzman-Novoa E. Produccion de miel de colonias de abejas
(Apis mellifera L.) tratadas y no tratadas con fluvalinato contra Varroa jacobsoni
Oudemans en Valle de Bravo, Estado de México. Vet Mex 2000;381-384.

Emsen B, Guzman-Novoa E, Hamiduzzaman MM, Eccles L, Lacey B, Ruiz-Pérez RA,
et al. Higher prevalence and levels of Nosema ceranae than Nosema apis infections in
Canadian  honey  bee colonies.  Parasitol Res  2016;115(1):175-181.
https://doi.org/10.1007/s00436-015-4733-3.

Martin-Hernandez R, Bartolomé C, Chejanovsky N, Le Conte Y, Dalmon A, Dussaubat
C, etal. Nosema ceranae in Apis mellifera: a 12 years postdetection perspective. Environ
Microbiol 2018;20(4):1302-1329. https://doi.org/10.1111/1462-2920.14103.

Jaycox ER. Estimation of the severity of Nosema infection. University of Illinois, Bull
1980.

Loeza-Concha H, Salgado-Moreno S, Avila-Ramos F, Escalera-Valente F, Lemus-Flores
C, Dominguez-Rebolledo A, et al. Seasonal variation in the prevalence of Varroa,
Nosema and Acarapis in hives from which queen bee mating nuclei are produced. J Apic
Res 2020;59(4):558-563. https://doi.org/10.1080/00218839.2020.1717060.

113



Rev Mex Cienc Pecu 2024;15(1):98-114

43. Medina-Flores CA, Guzman-Novoa E, Espinoza-Montafio LG, Uribe-Rubio JL,
Gutierrez-Luna R, Gutierrez-Pifia FJ. Frequency of varroosis and nosemosis in honey
bee (Apis melifera) colonies in the state of Zacatecas, Mexico. Rev Chapingo Serie
Cienc Forest Amb 2014;20(3):159-167. https://doi.org/10.5154/r.rchscfa.2013.08.028.

114



