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Honey bees are recognised as the primary pollinators of most agricultural crops and numerous wild plant 
species worldwide. However, the colony losses reported over recent decades pose a serious threat to this 
essential ecosystem service. The spread of pathogens has been identified as a significant factor contribut-
ing to the decline of honey bee populations. Consequently, there is a considerable interest in expanding 
our knowledge on the prevalence of emerging pathogens on honey bee colonies, particularly trypanoso-
matids and neogregarines. Herein, we conducted a spatio-temporal analysis of the prevalence of try-
panosomatids (Lotmaria passim and Crithidia mellificae) and a neogregarine (Apicystis bombi) in honey 
bee populations across the Canary Islands sampled over a 20-year period (1998–2017). We also examined 
whether pathogen prevalence was associated with the introduction of foreign honey bee queens to the 
islands and the implementation of a conservation programme of the local Canarian black honey bee. 
Our results indicate that L. passim has been present in the Canary Islands since at least 1998, whereas
C. mellificae was not detected. This finding represents the earliest known global record of the L. passim
worldwide. Apicystis bombi was found on several islands during the study period, though at low fre-
quency. The prevalence of L. passim did not exhibit any correlation with the introduction of foreign honey
bee queens, unlike other pathogens and parasites such as Nosema ceranae and Varroa destructor. Notably,
the implementation of long-standing conservation measures in La Palma was associated with a higher
prevalence of L. passim compared to Gran Canaria. These results suggest that L. passimmay have been pre-
sent in the Canary Islands prior to the introduction of foreign honey bees in recent decades. Further anal-
yses of historical samples from additional regions, particularly from geographically isolated areas such as
islands, are necessary to untangle the spread history of L. passim in honey bee populations.
© 2025 The Author(s). Published by Elsevier Ltd on behalf of Australian Society for Parasitology. This is an 
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/). 
1. Introductio n

The honey bee is considered an essential pollinator for crops
and wild flora (Klein et al., 2007; Ollerton et al., 2011), contributing 
to human health and nutrition (Delaplane and Mayer, 2000; Gallai
et al., 2009). In recent decades, there have been significant losses of 
honey bee colonies due to different factors (De la Rúa et al., 2009;
Jaffé et al., 2010; Meana et al., 2017) among which the spread of 
pathogens and parasites is prominent (Goulson et al., 2015;
Ratnieks and Carreck, 2010). Humans have particularly contributed 
to the spread of honey bee pathogenic agents through the trade of
colonies and migratory beekeeping (Ellis and Munn, 2005; Goulson
et al., 2015; Jara et al., 2020; Martínez-López et al., 2022a). For 
instance, the ectoparasitic mite Varroa destructor and the micro-
sporidia pathogen Vairimorpha (Nosema) ceranae (Bojko et al.,
2025), both originally found in the Asian honey bee (Apis cerana), 
were able to infest the Western honey bee (Apis mellifera) and
spread worldwide, which has resulted in significant honey bee col-
ony losses (Martín-Hernández et al., 2018; Rosenkranz et al.,
2010). Indeed, both organisms are now regarded as emerging 
pathogens of honey bees, with N. ceranae even being detected in
other managed and wild pollinators (Grupe and Quandt, 2020;
Martínez-López et al., 2022b). Therefore, there is considerable 
interest in understanding the impact of other potential emerging 
pathogens on honey bee colonies, such as trypanosomatids and
neogregarines.

Research on the prevalence of trypanosomatids in honey bee 
colonies have increased in recent decades due to their potential as
drivers of colony mortality (Cepero et al., 2014; Cornma n et al.,
2012; MacInnis et al., 2025; Ravoet et al., 2013). Crithidia mellificae 
was the first trypanosomatid described in honey bees (Langridge 
and McGhee, 1967), but molecular analyses revealed a new species,
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Lotmaria passim (Schwarz et al., 20 15a), which showed higher preva-
lence in colonies than C. mellificae (Ravoet et al., 2015; Schwarz et al.,
2015a). Indeed, L. passim has been the predominant trypanosomatid 
found in honey bees in Asia (Japan, Morimoto et al., 2013; Ra voet
et al., 20 15), Europe (Belgium and Switzerland, Ravoet et al., 20 15; 
Serbi a, Stevanovic et al., 2016; Czech Republi c, Mráz et al., 2 021; 
Italy , Bordin et al., 2022; Ribani et al., 2021), Macaronesian islands 
(Azores and Madeira, Aguado-López et al., 20 23), North America 
(U SA, Williams et al., 2 019) and South America (Chi le, Arismendi 
et al., 2016; Argentina, Chile and Uruguay, Castelli et al., 20 19). Lot-
maria passim and C. mellificae impair the health of honey bees by 
reducing their life expectancy and producing changes in their bacte-
riome and individual physiology (Gómez-Moracho et al., 2 020;
Hubert et al., 2017; Liu et al., 2020; MacInnis et al., 2025; Schwarz
et al., 201 5b).  However,  the  life  cycle,  mechanisms  of  pathogenesis,
and modes of host-to-host transmission are still not fully understood
(Buendía-Abad et al., 2022). 

With regard to neogregarines, Apicystis bombi, previously classi-
fied as Mattesia bombi (Macfarlane et al., 19 95), causes serious phys-
ical and behavioural alterations in Bombus spp. (Jones and Brown,
2014; Rutrecht and Brown, 2008; Schmid-Hempel, 2001) although 
its prevalence is usually low (Lipa and Triggiani, 1996). Apicystis 
bombi has also been detected in honey bees (Lipa and Triggian i,
1992; Plischuk et al., 2011), but its impact on honey bee health is 
not clear (Plischuk et al., 2011). On the other hand, the prevalence 
of neogregarines in honey bee colonies is generally lower t han that
of trypanosomatids (Cepero et al., 2014; Figueroa et al., 2021). 

The question of whether these trypanosmatids and neogreagri-
nes have been associated with honey bees prior to the spread of 
other emerging pathogens, such as V. destructor or N. ceranae,
linked to the honey bee trade, remains unresolved. For instance,
Aguado-López et al. (2023) conducted a study on the prevalence 
of trypanosomatids on a number of islands within the Madeira 
and Azores archipelagos. Their findings indicated the presence of 
L. passim on islands devoid of V. destructor and/or N. ceranae, 
thereby suggesting that this trypanosomatid may have been asso-
ciated with honey bees prior to the dissemination of these emerg-
ing pathogens. Nevertheless, the verification of this hypothesis
requires further data and more studies in isolated areas, such as
islands, where honey bees can be easily traced, are required. On
the other hand, the initial global detections of L. passim date back
to 2007 in Serbia (Stevanovic et al., 2016) and South America
(Castelli et al., 2019), suggesting that analysing historical samples 
would facilitate the investigation of the past distribution of the 
pathogen and, thereby, determine whether it has been linked to
honey bees prior to the spread of other emerging pathogens.

A considerable number of studies have been conducted on the 
genetic diversity, structure, and integrity of honey bee populations 
of the Canary Islands. While these studies have demonstrated the
existence of a particular ecotype of black honey bee (De la Rúa
et al., 1998; Miguel et al., 2015), they have also revealed the intro-
duction of honey bee queens of European origin in this Atlantic
archipelago (De la Rúa et al., 2002; Muñoz et al., 2013; Muñoz
and De la Rúa, 2012). Conversely, studies on the pathology of 
honey bees in the Canary Islands are scarce, which hampers our
ability to track the spread of pathogens through the archipelago.
In this context, Muñoz et al. (2014) assessed the relationship 
between the introduction of foreign honey bee queens on the Can-
ary Islands and the presence and spread of N. ceranae on the archi-
pelago. Their findings indicated a positive association between the 
introduction of honey bee queens and the subsequent increase in 
the prevalence of N. ceranae across the islands during the study
period. This kind of information is increasingly in demand due to
the impact of pathogens on honey bee colony mortality, especially
because variation in pathogen virulence and potential local adapta-
tions of honey bee populations can lead to markedly different dis-
2

ease outcomes (Goulson et al., 2015; Lee et al., 2015). On the other 
hand, conservation programmes aiming to safeguard the genetic
integrity of the black Canarian honey bee (Consejeria de 
Agricultura, Ganadería, Pesca y Alimentación, 2001; Consejería de
Agricultura, Ganadería, 2014) could potentially influence the 
spread of pathogens in the islands where applied. Among the con-
servation measures implemented was the breeding and dispersal 
of Canarian honey bee queens. If the health of these queens in
terms of pathogen presence is not monitored, it could lead to the
unintentional spread of pathogens and ultimately compromise
the success of the conservation programme.

Herein, we perform a spatio-temporal analysis of the preva-
lence  of  trypanosomatids  (L. passim and C. mellificae)  and  a
neogregarine (A. bombi) in honey bee populations from the Can-
ary Islands spanning 20 years (1998–2017). Our primary goal is 
to assess the presence and spread of the aforementioned patho-
gens throughout the study period and across islands to check 
whether these pathogens were already present in historical sam-
ples and whether their presence on the islands, if any, is corre-
lated with the introduction of foreign honey bee queens. 
Understanding this is essential because both pathogen virulence 
and potential local adaptations of island honey bee populations 
can influence disease dynamics and colony losses. Therefore,
establishing the historical timing and pathways of pathogen
presence provides critical context for interpreting current honey
bee health trends. Differences in the management of honey bee
colonies on the islands, particularly with regard to the introduc-
tion of foreign honey bee queens and the implementation of con-
servation measures for the endemic ecotype of the black
Canarian honey bee, may lead to variations in the prevalence of
these pathogens.
2. Material and methods

2.1. Honey bee surveys

Worker honey bees analysed corresponded to different surveys 
carried out over a period of 20 years (Table 1) to characterise the 
honey bee colonies present on the Canary Islands and the level of 
introduction of foreign honey bees. Forty-eight colonies were sam-
pled in 1998 and 139 during 2008, 2010, and 2011 on Tenerife, 
Gran Canaria, El Hierro, La Gomera and La Palma. The most recent 
survey was conducted in 2016 and 2017 on the islands of Gran
Canaria (53 colonies) and La Palma (53 colonies). All worker honey
bees were taken from the inner frames of the hives and preserved
in absolute ethanol at −20 °C until processing in the laboratory.

2.2. Molecular detection of pathogens

Although the primary aim of the surveys analysed here was to 
investigate questions of conservation genetics, DNA-based tech-
niques allowed for the analysis of the presence of pathogens and
temporal changes in their prevalence in historical samples pre-
served in ethanol. In this study, protocols by de Miranda et al.
(2021) were followed. 

The abdomens of the available worker honey bees from each col-
ony were separated and transferred to 50 mL Falcon® tubes. After 
two consecutive washes with 30 mL of distilled water followed by 
two additional washes with 30 mL milli-Q water in which the tubes 
were hand-shaken for 1 min, abdomens were then macerated in 
5 mL of milli-Q water in the Stomacher® 80 Biomaster homogeniser 
(Seward, West Sussex) or with the TissueRuptor® blender (QIAGEN) 
using Stomacher® philtre bags (Seward). They were then centrifuged
at 4 °C for 10 min at 1500 rpm, the supernatant was discarded, and
the pellet was resuspended in 1 mL of distilled water.
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Table 1 
Number (N) of honey bee colonies sampled in each Canary Island, number of colonies positive for Lotmaria passim and Apicystis bombi and prevalence of L. passim per island in the
different surveys. Pathogen prevalence for A. bombi is not shown due to the low presence.

Year Island Colonies 
(N )

L. passim positive colonies A. bombi positive colonies Prevalence L. passim (%)

1998 Tenerife 24 1 1 4.2 
Gran Canaria 5 5 0 100.0 
El Hierro 4 0 0 0.0 
La Gomera 5 0 0 0.0 
La Palma 10 5 0 50.0 

Summary 48 11 1 22.9 

2008 Tenerife 12 3 0 25.0 
Gran Canaria 10 1 0 10.0 
El Hierro 7 0 0 0.0 
La Gomera 7 1 1 14.3 
La Palma 12 3 0 25.0 

Summary 48 8 1 16.7 

2010 Gran Canaria 16 3 0 18.8 
La Gomera 14 7 0 50.0 
La Palma 16 10 2 62.5 

Summary 46 20 2 43.5 

2011 Gran Canaria 19 10 2 52.6 
El Hierro 26 5 1 19.2 

Summary 45 15 3 33.3 

2016 Gran Canaria 53 9 0 16.9 

2017 La Palma 53 32 0 60.4 
Overall summary 293 95 7 32.42

 

DNA extractions of the samples from the previous surveys were 
performed using BS96 DNA Tissue extraction protocol in a 
BioSprint workstation (Qiagen) according to manufacturer’s
instructions, whereas samples of the more recent surveys were
extracted following Ivanova et al. (2006). Trypanosomatid and 
neogregarine pathogens were PCR-amplifi ed with primers
described by Meeus et al. (2010). These primers target the 16S 
ribosomal gene and amplify a fragment of 417 base pairs (bp) from 
trypanosomatids and 260 bp from neogregarine species. PCR reac-
tions were performed in a 25-lL volume containing 2.5 lL of the 
DNA template (20 ng/ll). The PCR temperature profile consisted 
of an initial denaturation at 95 °C for 10 min, followed by 35 cycles
at 95 °C for 30 s, 57 °C for 30 s and 72 °C for 45 s, and a final exten-
sion of 7 min at 72 °C. Extraction and PCR negative controls and a
positive control were included in all the analyses and ran in
parallel.

The amplicons of each pathogen-positive sample were sent for 
sequencing in both directions to SECUGEN S.L. The sequences were
aligned with the MEGA7 programme (Kumar et al., 2016)  and  the
identity of the species was confirmed through the BLAST tool in
GenBank.

2.3. Haplotype determination for honey bee colony characterisation

Mitochondrial DNA is maternally inherited (Meusel and Moritz,
1993) and is therefore shared by all drones and workers in the 
same colony. Analysis of a single worker allows the characterisa-
tion of all individuals in the same colony (Meixner et al., 2013). 
Sequence variation of the intergenic region located between the 
tRNA genes and the cytochrom e oxidase subunit II (cox2) of the
mitochondrial DNA (Garnery et al., 1993) was used to determine 
the haplotype and the evolutionary lineage/sublineage present in 
each honey bee colony. This intergenic region contains two types
of components, P and Q (Cornuet et al., 1991). The P sequence 
has three forms with different sizes based on the presence of sev-
eral indels: P with 54 bp, P0 with 67 bp, or P1 with 50 bp. The Q
sequence can be repeated up to four times and is 194–196 bp long.
3

The number and combination of these components are unique to 
the four evolutionary lineages of A. mellifera subspecies and three
African sub-lineages.

The sub-lineage AIII of the African lineage with Atlantic distribu-
tion, which includes populations from the Canary Islands (De la 
Rúa et al., 2001, 1998), Azores, and Madeira (De la Rúa et al.,
2006) as well as northern Portugal (Pinto et al., 2013, 2012), is 
identified by the P1 sequence and the presence of up to four Q
sequences (as reviewed by Chávez-Galarza et al., 2017). Subspecies 
from eastern and central Europe, including the globally imported A. 
m. ligustica and A. m. carnica among others, that are included in lin-
eage C have only one Q copy and no P sequence. On the other hand, 
subspecies of the western European M lineage, such as A. m. mellif-
era and northern A. m. iberiensis, typically have a combination of P
and up to four Q sequences. African subspecies and southern pop-
ulations of A. m. iberiensis (lineage A) also have one to four Q
sequences but one P0 sequence. In this study, queens were classi-
fied as foreign if they had maternal ancestry of C or M lineage,
and native if they had African ancestry.

Data on the honey bee haplotype and evolutionary lineage/sub-
lineage of samples from the previous surveys (from 1998 to 2011)
have been published (De la Rúa et al., 2001; Muñoz et al., 2013). 
DNA extraction from the recent surveys (2016 and 2017) was per-
formed using two legs from one worker honey bee per colony fol-
lowing standard methods (Evans et al., 2013). The intergenic 
region was amplified using MyTaqTM kit (Bioline, London, UK) and
E2 and H2 primers (Garnery et al., 1993). Briefly, DNA was ampli-
fied in a thermocycler PTC 100 (MJ Research) in a total volume of 
12.5 lL, 2.5 lL of the DNA template (20 ng/ll), with the following 
programme: 94 °C (5 min); 35 cycles of a 45 s denaturation at 
94 °C, a 45 s elongation at 48 °C, a 60 s extension at 62 °C; and a 
final extension step at 65 °C for 20 min. The success of the PCR
reactions was verified by electrophoresis in a 3 % agarose gel.
Amplified fragments were submitted for sequencing (Secugen S.
L., Madrid, Spain) using an ABI® PRISM 310 sequencer (Applied
Biosystems, Foster City, CA, USA) with E2 and H2 primers to deter-
mine the composition of the RNAtleu-cox2 intergenic region and
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identify the honey bee haplotypes and the evolutionary lineage/-
sublineage to which the analysed colonies belonged.

2.4. Data analyses

All analyses were performed at the archipelago level due to the 
unbalanced sampling among islands. Thus, we analysed temporal 
trend in pathogen prevalence through a Kruskal-Wallis test 
excluding data from 2016 and 2017 as we only have one observa-
tion per year. We considered three groups of samples according to 
the date they were collected: 1998, 2008 and 2010–2011. Data of 
apiaries sampled in Gran Canaria in 1998 were excluded from 
the analysis because it was an outlier as all sampled colonies tested 
positive for the pathogen. Furthermore, we tested pathogen preva-
lence by honey bee haplotype at the archipelago level through a 
Fisher test. We performed a linear model to test whether the pro-
portion of introduced honey bee haplotypes per island explained 
pathogen prevalence variation among islands using data from
2008 to 2017. Data from 1998 were excluded because there were
only introduced honey bee haplotypes on one island at a very
low frequency. Finally, we conducted a Pearson‘s X2 test to analyse
whether conservation programmes to preserve the genetic integ-
rity of the black Canarian honey bee applied in some islands during
different periods had an effect on the pathogen presence detected.
We used data from the samplings carried out in Gran Canaria and
La Palma in 2016 and 2017 respectively. Conservation measures
consisting of a ban on the introduction of foreign queen bees and
the breeding and dispersal of Canarian honey queen bees have
been applied in La Palma since 2001 (Consejeria de Agricultura,
Ganadería, Pesca y Alimentación, 2001) and in Gran Canaria since
2014 (Consejería de Agricultura, Ganadería, 2014). All analyses 
were carried out in R vs 4.1.1 (R Development Core Team, 2021). 

3. Results 

3.1. Prevalence of trypanosomatids

Trypanosomatids were found in 95 out of 293 analysed samples 
(32.42 %) distributed across all the sampled islands (Table 1). All 
Fig. 1. Prevalence of L. passim across the Canarian archipelago along the study period (P <
islands) and 2010–2011 (n = 5 islands). Boxplots show the median (thick horizontal line
using a = 0.05.
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these samples were attributed to L. passim through BLAST analyses 
in Genbank while C. mellificae was not detected.

Our data showed that L. passim was already present in the Can-
ary Islands as early 1998. The prevalence of this pathogen ranged 
from 16.67 % in 2008 to 60.38 % in 2017, with a marginally signif-
icant (H(2) = 4.911, P < 0.086) trend toward increased prevalence
over the study period (Fig. 1). 
3.2. Prevalence of neogregarines

Neogregarines were detected in 7 out of the 293 analysed sam-
ples (2.38 %). The pathogen was present on all islands, although
with a low prevalence. BLAST analyses showed that all the ampli-
cons were identified as A. bombi.

Apicystis bombi was found in the sampling from 1998 in Tener-
ife, and it was also present in samples from 2008, 2010 and 2011 in
different islands (Table 1). The pathogen was absent in 2016 and 
2017. No statistical analysis was conducted for this pathogen due
to its low prevalence.
3.3. Honey bee haplotype and evolutionary lineage/sublineage
determination

The analysis of mitochondrial DNA in the 293 sampled colonies 
revealed the presence of 21 different honey bee haplotypes in the
Canary Islands belonging to three lineages (A, C and M) (Table S1 
Supplementary data). 

Lineage A included 246 samples and the sublineage with Atlan-
tic distribution (AIII) was the most frequent (166 colonies), while
35 colonies belonged to the lineage C and 12 were identified as lin-
eage M (Fig. S1 and Table S1 Supplementary data). Data revealed 
the presence of lineage C in honey bees on Tenerife as early as 
1998. The same lineage was found on El Hierro, La Palma y La
Gomera in 2008 and was not detected in Gran Canaria until 2010
(Table S1 Supplementary data). The highest percentage of honey 
bee haplotypes from the lineage C was found in Tenerife, El Hierro 
and La Gomera. The M lineage was only found in Gran Canaria
(2008, 2010 and 2011) where the three lineages coexisted.
 0.086, marginally significant). Colonies sampled in 1998 (n = 4 islands), 2008 (n =  5
s) and the quartiles (boxes and vertical lines). Statistical significance was assessed
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3.4. Correlation of pathogens, honey bee haplotypes and conservation
programme

There were no significant differences in L. passim prevalence 
among honey bee haplotypes at the archipelago level (P = 0.224). 
Interestingly, the proportion of honey bees bearing introduced
haplotypes per island did not explain the prevalence of L. passim
(P = 0.125) (Fig. 2). The duration of the conservation programme 
was assessed by considering the year of its implementation on 
each island (2001 in La Palma and 2014 in Gran Canaria) and 
showed a significant impact on pathogen prevalence (X2 (1, n =
106) = 19.251, P < 0.001). Notably, the long-standing conservation
measures in La Palma were associated with a higher prevalence of
L. passim (Table 1). 

4. Discussion 

This study presents the first spatio-temporal analysis of the 
presence and prevalence of trypanosomatids and neogregarines 
in A. mellifera colonies across the Canary Islands. Our results con-
firm the presence of L. passim in the archipelago as early as 1998,
representing the earliest known global record of this pathogen
nearly a decade before the previous earliest report of the pathogen
worldwide (Castelli et al., 2019; Stevanovic et al., 2016). Further-
more, this pathogen was detected on every island included in the 
study. Crithidia mellificae was not detected and A. bombi was found 
at a very low prevalence. Interestingly, the prevalence of L. passim 
was not associated with the introduction of A. mellifera of foreign
origin in the Canary Islands, unlike other pathogens such as N. cer-
anae which spread through the islands due to these introductions
(Muñoz et al., 2014). Therefore, our results suggest that the emerg-
ing pathogen L. passim was already present before the introduction
of foreign honey bee queens.

Only L. passim was detected among trypanosomatids while C. 
mellificae was not found. This aligns with other studies in the field 
which also found that L. passim is the most frequent trypanoso-
matid species and is a common pathogen in A. mellifera
(Arismendi et al., 2016; Ravoet et al., 2015; Schwarz et al.,
2015a; Stevanovic et al., 2016), while C. mellificae prevalence is
usually scarce (Buendía et al., 2018; Ravoet et al., 2015) and it 
has not even been reported in some areas such as the Azores and
Madeira (Aguado-López et al., 2023). Indeed, the prevalence of C. 
mellificae was probably overestimated in studies conducted before
the description of L. passim in 2015 (Schwarz et al., 2015a) since 
Fig. 2. Relationship between the proportion of introduced honey bee haplotypes in each
represents one island; P = 0.125, not significant). The solid line shows the regression fit
interval. Statistical significance was assessed using a = 0.05.
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both species are phylogenetically close and sequences from L. pas-
sim before that date were misidentified as C. mellificae. On the 
other hand, we found that L. passim was already present in the
archipelago in 1998, which constitutes the earliest report of the
species in A. mellifera worldwide that was established until now
in 2007 in Uruguay (Castelli et al., 2019) and Serbia (Stevanovic 
et al., 2016). Furthermore, an increasing trend in pathogen preva-
lence was documented, consistent with findings from related stud-
ies in Belgium, Japan, Chile, Serbia and Switzerland (Williams et al.,
2019). In the case of the studies conducted by Stevanovic et al.
(2016) in Serbia (2007–2015) and by us in the Canary Islands 
(1998–2017), the lack of samples from previous years makes it 
impossible to determine when L. passim first appeared in these
regions. However, investigations conducted in South America by
Castelli et al. (2019) included samples from Uruguay (1990– 
2007), with the earliest detection of the pathogen in 2007, suggest-
ing its absence in earlier years. More studies using historical sam-
ples from other regions are needed to clarify whether L. passim
should be classified as an emerging pathogen or it has long been
associated with honey bees before the spread of other pathogens
such as N. ceranae or V. destructor.

Neogregarines were detected at low frequency and all the sam-
ples were identified as A. bombi. This is consistent with previous
studies indicating sporadic presence of the pathogen in A. mellifera
(Buendía et al., 2018; Morimoto et al., 2013; Plischuk et al., 2011). 
This pathogen was first reported in A. mellifera in 1990 in Finland
(Lipa and Triggiani, 1992), and later, in honey bees from other
regions (Buendía et al., 2018; Maharramov et al., 2013;
Morimoto et al., 2013; Plischuk et al., 2011) thanks to the develop-
ment of molecular methods (Meeus et al., 2010). Our data con-
tribute another record of A. bombi in honey bees, specifically 
within the Canary Islands. Despite its low prevalence, A. bombi
was detected on all sampled islands, possibly reflecting spillover
from its primary host, bumblebees.

The introduction of foreign honey bee queens to the islands 
may facilitate the spread of pathogens in confined environments
(Muñoz et al., 2014). This study identified 21 honey bee haplo-
types, mainly from the lineage A (83.96 %), which is typical of
the Macaronesian islands, including the Azores and Madeira (De 
la Rúa et al., 2006), as well as the Canary Islands (De la Rúa
et al., 1998). In contrast, lineages C and M are considered non-
native from the Canary Islands, indicating past introductions of
honey bees from Europe or even America (De la Rúa et al., 2001;
Muñoz et al., 2014). It would be expected to find a correlation
 island and the prevalence of L. passim across the Canarian archipelago (each point 
ted to island-level values, and the shaded grey area represents the 95 % confidence
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between the introduction of foreign honey bee haplotypes and the 
spread of trypanosomatids across the islands. However, our analy-
ses revealed no significant association, unlike what has been
observed with other pathogens such as N. ceranae (Muñoz et al.,
2014). Moreover, L. passim was already present in 1998 when 
foreign honey bee haplotypes were absent. This suggests that the
pathogen could have arrived in earlier introduction events or
might even be endemic to the islands.

Lotmaria passim showed widespread distribution across the 
archipelago being present on all surveyed islands. Beekeeping 
practises differ across the Canary Islands: more intensive in Gran
Canaria and Tenerife, and more traditional in La Palma, El Hierro
and La Gomera (Gobierno de Canarias, 2024). These different man-
agement issues may affect pathogen dynamics. For instance, in 
2001, a Canarian black honey bee conservation programme was
established in La Palma to safeguard the genetic integrity of the
local ecotype of honey bees (Consejeria de Agricultura,
Ganadería, Pesca y Alimentación, 2001). This strategy involved 
strict restrictions to the introduction of honey bees into the island 
as well as special breeding programmes to promote the local eco-
type. Previous studies demonstrated that the introduction of for-
eign honey bee queens triggered the spread of emerging
pathogens such as N. ceranae through the Canary Islands (Muñoz 
et al., 2014). Therefore, this special management in La Palma could 
reduce the prevalence of L. passim in the islands. However, these 
measures seemed not to have any impact on the prevalence of this 
trypanosomatid in La Palma since our data show that their fre-
quency is similar to the one in other islands from the archipelago.
Furthermore, we found that pathogen prevalence in La Palma is
higher than in Gran Canaria, where conservation measures were
applied much later (in 2014) (Consejería de Agricultura,
Ganadería, 2014). Similar findings were reported in the Azores 
and Madeira where trypanosomatids were even present on islands
with strong restrictions on the introduction of honey bees
(Aguado-López et al., 2023). Our data show L. passim was present 
in La Palma in 1998, indicating long-term persistence. Thus, con-
servation measures may be ineffective at limiting L. passim preva-
lence. It would be paramount to conduct further studies to test
whether there is any difference in the prevalence of trypanoso-
matids among islands since our data are scarce to properly address
this hypothesis.

There are no reports of colony losses during this period in the 
Canary Islands, unlike in other areas of Europe and the US where
L. passim has been associated with honey bee declines (Cepero 
et al., 2014; Cornman et al., 2012; Ravoet et al., 2013). This may 
indicate a limited pathogenic role for L. passim under local condi-
tions, or the existence of context-dependent interactions with 
environmental and/or management factors. Moreover, our results 
suggest that L. passim may be endemic to the islands, which could 
imply the presence of local adaptations in native honey bee popu-
lations and/or reduced pathogen virulence. These factors may help
explain why the archipelago has not experienced the colony losses
reported elsewhere. While genetic and management-related fac-
tors may influence pathogen prevalence across islands, the role
of agrochemical exposure should not be underestimated, as its
interaction with pathogens can substantially increase honey bee
mortality (Doublet et al., 2015; Grassl et al., 2018). For instance, 
exposure to fipronil and thiacloprid has been found to increase
mortality in N. ceranae-infected honey bees (Vidau et al., 2011). 
Likewise, Erban et al. (2023) demonstrated that imidacloprid can 
significantly increase the prevalence and load of L. passim, likely 
by interfering with the bee’s immune regulation. Although we 
did not assess pesticide residues in this study, such factors could
help explain some of the variability observed between islands
and years.
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In conclusion, L. passim and A. bombi are both present and geo-
graphically widespread in the Canary Islands, with L. passim being 
far more prevalent. The detection of L. passim in 1998 constitutes
the earliest global record and raises questions about its origin
and classification as an emerging pathogen. Mechanisms of
pathogenicity of L. passim and A. bombi remain unclear (Buendía-
Abad et al., 2022; Plischuk et al., 2011). However, both pathogens 
can act synergistically with others pathogens increasing honey 
bee mortality, as seen in coinfections with N. ceranae and L. passim
(Arismendi et al., 2020; MacInnis et al., 2023). These findings 
underscore the importance of integrating pathogen surveillance 
with environmental risk assessments, particularly regarding the 
use of agrochemicals that may exacerbate the impact of pathogens
on bee health compromising honey bee survival (Doublet et al.,
2015; Erban et al., 2023; Grassl et al., 2018). Therefore, health 
surveillance in conservation programmes is advised, especially in 
insular and genetically valuable populations such as those of the
Canary Islands.
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