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Ascosphaera apis is a fungal pathogen that infects bee larvae and causes chalkbrood, leading to a sharp reduction of adult 
bees and colony productivity. Here, small RNA (sRNA) data from Ascosphaera apis were filtered from sRNA-seq datasets 
from the gut tissues of A. apis-infected Apis mellifera ligusticaworker larvae, which were combined with the previously 
gained sRNA-seq data from A. apis spores to screen differentially expressed microRNA-like RNAs (DEmilRNAs), followed 
by trend analysis and investigation of the DEmilRNAs in relation to significant trends. Additionally, the interactions 
between the DEmilRNAs and their target mRNAs were verified using a dual-luciferase reporter assay. In total, 974 A. 
apis milRNAs were identified. The first base of these milRNAs was biased toward U. The expression of six milRNAs 
was confirmed by stem-loop RT-PCR, and the sequences of milR-3245-y and milR-10285-y were validated using Sanger 
sequencing. These miRNAs grouped into four significant trends, with the target mRNAs of DEmilRNAs involving 42 GO 
terms and 120 KEGG pathways, such as the fungal-type cell wall and biosynthesis of secondary metabolites. Further 
investigation demonstrated that 299 DEmilRNAs (novel-m0011-3p, milR-10048-y, bantam-y, etc.) potentially targeted 
nine genes encoding secondary metabolite-associated enzymes, while 258 (milR-25-y, milR-14-y, milR-932-x, etc.) 
and 419 (milR-4561-y, milR-10125-y, let-7-x, etc.) DEmilRNAs putatively targeted virulence factor-encoded genes and 
nine genes involved in the MAPK signaling pathway, respectively. Additionally, the interaction between ADM-B and milR-
6882-x, as well as between PKIAand milR-7009-x were verified. Together, these results not only offer a basis for clarifying 
the mechanisms underlying DEmilRNA-regulated pathogenesis of A. apis and a novel insight into the interaction between 
A. apis and honey bee larvae, but also provide candidate DEmilRNA-gene axis for further investigation.
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The control of the mite Varroa destructor, the primary parasite of the honeybee Apis mellifera, largely depends on the use of 
chemical acaricides. However, the prolonged and indiscriminate use of synthetic pyrethroids, such as fluvalinate (Apistan®) 
and flumethrin (Bayvarol®), has promoted the development of resistance in mite populations worldwide. This study aimed 
to determine the presence of resistant Varroa populations to these acaricides in Costa Rica and to establish whether 
cross-resistance exists between them. Standardized bioassays were conducted on 62 hives from 17 apiaries across 
different beekeeping regions of the country to assess the mites’ susceptibility to pyrethroids. Additionally, information 
was collected on beekeeping management practices, including the historical use of acaricides and strategies for rotating 
chemical and organic products. A bioassay based on the method described by Pettis (1998). The results showed that 57% 
of the apiaries had mites resistant to at least one of the evaluated acaricides, while 70% of these cases exhibited cross-
resistance between fluvalinate and flumethrin. Furthermore, 100% of the apiaries that had not used pyrethroids for more 
than three years still exhibited non-susceptible populations, indicating that resistance can persist even in the absence 
of recent chemical pressure. The study identified critical factors associated with the development of resistance, such as 
repetitive and non-rotational use of pyrethroids, lack of comb replacement in brood chambers, and low implementation 
of organic alternatives. This work documents the first formal case of Varroa destructor resistance to pyrethroids in Costa 
Rica, highlighting the urgent need to adopt integrated pest management strategies. Recommendations include rotating 
chemical and organic acaricides, constant monitoring of infestations, and educating beekeepers on proper product use. 
This study provides significant contributions to tropical apiculture by offering a scientific basis to address the challenges 
posed by mite resistance and ensuring the sustainability of beekeeping in the region.


