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Simulium asakoae Takaoka and Davies has been confirmed to bite humans and has been incriminated 
as a vector of blood protozoan parasites of the genera Leucocytozoon and Trypanosoma, as well as an 
unknown filarial parasite in Thailand. However, its attraction to humans has remained uninvestigated 
in Malaysia. Recently, 27 black flies were collected in Pahang, Malaysia, of which 25 were captured in 
CO2-baited Malaise traps and two were collected from humans during trapping activity. All specimens 
were morphologically identified as S. asakoae. Cytochrome c oxidase I sequences of the two specimens 
caught on humans showed 100% similarity with those of S. asakoae in the NCBI GenBank, confirming 
their morphological identity. Blood-meal analysis using a HAL·HARTM kit did not show the presence 
of domestic or wild animal DNA. However, human DNA was amplified from one engorged fly in the 
cytochrome b gene amplification assay, providing the first evidence of blood-feeding by S. asakoae in 
Malaysia.
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INTRODUCTION

More than 25 species of the genus Simulium are vectors of 
Onchocerca volvulus (Leuckart), the sole causal agent of human 
onchocerciasis. This parasitic disease causes skin and eye symptoms 
and can lead to impaired vision and blindness. Over 20.9 million 
infections worldwide have been reported, with 14.6 million 
individuals experiencing epidermal problems and more than one 
million losing their vision (WHO, 2022). The disease is prevalent in 
sub-Saharan Africa and Yemen and in a few foci in Latin America. A 
reliable vaccination is still lacking. Onchocerca parasite transmission 
in affected areas is controlled with the microfilaricide ivermectin and 
vector suppression (Takaoka, 2015; WHO, 2022). 
 Zoonotic onchocerciasis, a human parasitic disease caused by 
Onchocerca spp. of animal origin and transmitted to humans via 
the bite of infected black flies, has become more common and is 
now a public health concern in affected countries (Cambra-Pelleja 
et al., 2020). In Japan, a series of cases have been reported in which 
humans were infected with O. japonica Uni, Bain and Takaoka, 
a parasite that typically infects wild boars and is transmitted 
through the bites of infected females of S. bidentatum (Shiraki) 
(Takaoka et al., 2012; Uni et al., 2015; Fukuda et al., 2019). Four 
other Onchocerca spp., namely O. lupi, O. gutturosa, O. cervicalis, 
and O. jakutensis, which are parasites of dogs, cattle, horses, and 

European deer, respectively, have been identified as the causative 
agents for zoonotic onchocerciasis in North America and Europe. 
However, their specific black fly vectors have not yet been identified 
(Koehsler et al., 2007; Otranto et al., 2011; Takaoka et al., 2004). 
In Thailand, five black fly species, namely S. asakoae, S. nodosum 
Puri, S. nigrogilvum Summers, S. khelangense Takaoka, Srisuka and 
Saeung, and S. chumpornense Takaoka and Kuvangkadilok, are 
confirmed to transmit various parasites, such as blood protozoans 
of the genera Leucocytozoon and Trypanosoma, as well as filarial 
parasites including Onchocerca spp. (Takaoka et al., 2014; Thaijarern 
et al., 2019; Aupalee et al., 2020; Pramual et al., 2020a).
 Malaysia is home to almost 100 named species of black flies 
(Adler, 2024). However, none of these species have been confirmed 
as vectors of disease-causing agents, despite their potential threat. 
Simulium digrammicum Edwards and S. fuscopilosum Edwards have 
been reported to ingest human blood in Malaysia (Takaoka & Davies, 
1995), but scientific evidence is lacking. The elusive behavior of adult 
black flies in Malaysia, where they do not conspicuously swarm or 
suck blood, has made it difficult to investigate their roles as vectors, 
including vectorial capacity, bionomics, and parasite transmission. 
In the current study, two black fly adults, one of which was fully 
engorged, were accidentally collected from humans. The samples 
were analyzed for blood meals to evaluate possible hosts. 
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MATERIALS AND METHODS

Field collection 
Sampling was conducted on 2 September 2020 at a highland tea 
plantation in Brinchang, Pahang, Malaysia (Table 1). Adult sampling 
was performed near a small stream, which had been identified as 
breeding habitat for S. asakoae Takaoka and Davies, S. brinchangense 
Takaoka, Sofian-Azirun and Hashim, and S. aureohirtum Brunetti 
(Ya’cob et al., 2016a). A Malaise trap with a CO2 source was set 
up at 1500 hours and operated for 24 hours. Briefly, the CO2 
was produced using baker’s yeast mixed with sugar and water, 
following the protocols described by Guerenstein et al. (1995) and 
Smallegange et al. (2010). Samples collected in the Malaise trap, 
along with two flies accidentally collected when landed and bit 
on researchers during the trapping activity, (one biting near the 
ankle and another was landed but not biting), were fixed in 80% 
ethanol in a 1.5-mL microcentrifuge vial and stored in an icebox 
before being transported to the laboratory. The coordinates of the 
sampling sites were recorded using a handheld global positioning 
system instrument (Garmin International Inc., Olathe, KS, USA). 
Other ecological factors were also recorded, including temperature, 
vegetation, and canopy cover (Table 1).

replicates. Bayesian analysis was run using MrBayes version 3.2.7a 
(Ronquist et al., 2012) and the HKY + G substitution model was 
suggested as the best model by jModeltest2 (Darriba et al., 2012). 
Bayesian analysis was performed on two million generations of 
Markov Chain Monte Carlo (MCMC) and the tree was sampled 
every 100th generation, with 25% of trees discarded as burn-in. All 
analyses were performed on the online server Cyber Infrastructure 
for Phylogenetic Research (CIPRES) (Miller et al., 2011). All trees 
were visualized in FigTree v1.4.4 and edited in Interactive Tree of Life 
(iTOL) (Letunic & Bork, 2021) and Adobe Illustrator 2020. Pairwise 
genetic distance was calculated using the Kimura 2-parameter model 
in MEGA 11 version 11.0.11 (Tamura et al., 2021).

Molecular identification of host blood meals
The extracted DNA was analyzed by two methods to identify 
possible blood meal sources. The first method used the mammalian 
cytochrome b gene and UNFOR403 and UNREV1025 primers, 
following the procedure of Kent and Douglas (2005), which generates 
a 623-bp product. PCR products were verified by gel electrophoresis 
and were sent for sequencing. The generated sequences were 
compared using BLAST analysis in GenBank to confirm the blood 
source. 
 The second method used the HAL·HARTM kit (TIDREC, 
Malaysia) to test whether the blood contained other non-human 
DNA according to specific band sizes, such as chicken (Gallus spp.) 
(207 bp), cow or buffalo (Bos spp. or Bubalus spp.) (298/299 bp), 
rabbit (Oryctolagus spp.) (417 bp), goat or sheep (Capra spp. or 
Ovis spp.) (504/505 bp), horse (Equus spp.) (639/640bp), pig (Sus 
spp.) (176 bp), cat (Felis spp.) (273 bp), frog (Bufo spp., Fejervarya 
spp., Hoplobatrachus spp., Kaloula spp., Rana spp.) (397/409 bp), 
dog (Canis spp.) (615 bp), and rat (Rattus spp.) (764/767 bp). In 
both analyses, two genomic DNA samples of black flies attracted 
to humans in Terengganu, Malaysia (Izwan-Anas et al., 2021) were 
included to confirm any possibility of a blood source in the samples.

RESULTS AND DISCUSSIONS 

Morphological and molecular species identification
A total of 27 flies were captured, including two individuals 
(7.4%) accidently collected from humans during trapping activity 
and 25 individuals (92.6%) from a Malaise trap. All specimens 
appeared morphologically identical and to belong to the subgenus 
Gomphostilbia based on the presence of a haired katepisternum. 
These flies were identified as S. asakoae based on the following 
characteristics: antennae each with nine flagellomeres, claws each 
with a large basal tooth,  a yellow hair tuft at the base of the radial 
vein, hind tibia whitish on the basal half to two-thirds without a 
dark sub-basal spot, sensory vesicle less than 0.4 times the length 
of the third maxillary palpomere, and mandible with inner teeth and 
outer margin with five or six teeth (Takaoka & Davies 1995; Takaoka 
et al., 2017, 2018a).
 Molecular analysis showed that the COI sequences of the two 
flies accidently collected from a human were 100% identical to 
those of S. asakoae, confirming their morphological identification. 
The genetic distance between the newly generated sequences and 
S. asakoae from the GenBank database also showed the highest 
similarity (genetic distance = 0.00%), whereas the next closest 
species were S. tanahrataense Takaoka, Sofian-Azirun and Ya’cob 
(6.68%) and S. roslihashimi Takaoka and Sofian-Azirun (6.82–7.33%). 
This finding was further supported by the DNA tree (Figure 1), which 
placed the specimens in the same lineage as S. asakoae, with a strong 
support value.

Blood meal analysis
Blood meal analysis using the HAL·HARTM kit revealed that none 
of the four black flies (two from Izwan-Anas et al., 2021) had fed 
on non-human blood sources (Figure 2). The screening was then 
continued using mammal-specific primers, including human. One 

Table 1. Ecological details of study sites in Cameron Highlands, Malaysia, 2 
September 2020

Location Brinchang, Pahang

GPS N 4°28.738’
 E 101°22.979’
 and
 N 4°31.258’
 E 101°24.247’
Elevation (m asl) 1405–1431
Trapping duration 24 hours
Average temperature (°C) 19 to 21
Vegetation Dispersed shrubs and tea plantation
Canopy cover Open to partially closed
Wind speed (km/h) 3.2 to 3.3
Humidity (%) 85

Morphological and molecular identification
Specimens were morphologically identified using keys for Peninsular 
Malaysia and original species descriptions (Takaoka & Davies, 1995; 
Takaoka et al., 2018a). Morphological identification was confirmed 
with molecular analysis through DNA barcoding. Genomic DNA was 
isolated individually using the G-spin Total DNA Extraction Mini Kit 
(iNtRON Biotechnology Inc., Seongnam, South Korea). The samples, 
specifically one mid and hind legs, were subjected to COI barcoding 
using the primers of Folmer et al. (1994) and PCR protocol of Low et 
al. (2015). All PCR products were sent to Apical Scientific (Malaysia) 
for sequencing.

Sequence alignment and phylogenetic analysis
For molecular species identification, DNA sequences were manually 
edited using BioEdit version 7.2.5 (Hall, 2011) and compared in 
the GenBank database, using the Basic Local Alignment Search 
Tool (BLAST). Two newly generated sequences in this study were 
deposited in GenBank under accession numbers PP177910 and 
PP177911. All reference sequences of the S. asakoae species group 
in Malaysia were retrieved and included for comparison. Simulium 
aziruni Takaoka, Hashim and Chen of the S. gombakense species 
group was used as an outgroup. Neighbor Joining (NJ) analysis was 
performed using Kimura’s two-parameter substitution model in 
MEGA 11 version 11.0.11 (Tamura et al., 2021) with 1000 bootstrap 
replicates. Maximum likelihood (ML) analysis was performed using 
the IQ-TREE webserver (Trifinopoulos et al., 2016) and an auto 
substitution model option and standard bootstrap analysis of 100 
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Figure 1. Maximum likelihood tree of Simulium asakoae species group in Malaysia, except S. hoiseni, inferred from mitochondrial COI gene 
sequences. The red rectangle is the newly generated sequence in this study. Simulium aziruni of the S. gombakense species group was used 
as an outgroup. Bootstrap values and posterior probability of more than 70% or 0.7 are shown on the branches (ML/NJ/BI).

Figure 2. PCR amplification using a HAL- HARTM kit to detect the possible blood source. Set A: 1) Ladder 100bp, 2) positive control (chicken), 3) 
negative control, 4) Simulium aziruni 1 (attracted to human, Izwan-Anas et al., 2021), 5) Simulium aziruni 2 (attracted to human, Izwan-Anas et 
al., 2021), 6) Simulium asakoae (biting human, this study), 7) Simulium asakoae (possibly biting human, this study). Set B: 1) Ladder 100bp, 2) 
Positive control (rat), 3) negative control, 4) Simulium aziruni 1 (attracted to human, Izwan-Anas et al., 2021), 5) Simulium aziruni 2 (attracted 
to human, Izwan-Anas et al., 2021), 6) Simulium asakoae (biting human, this study), 7) Simulium asakoae (possibly biting human, this study).
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specimen collected in this study (Cameron Highlands) tested positive 
for human blood (Figure 3). BLAST analysis confirmed that the 
positive sample was human blood with 98% similarity, providing 
the first solid evidence of S. asakoae feeding on human blood in 
Malaysia.
 Simulium asakoae was originally described from Malaysia and 
is a member of the S. asakoae species group with eight and 58 
members from Malaysia and the Oriental Region, respectively (Adler, 
2024). It has a wide geographical distribution: China (Hong Kong), 
Myanmar, Vietnam, Thailand, Taiwan, and Peninsular Malaysia 
(Takaoka et al., 2021; Adler, 2024) (Figure 4).
 Phylogenetic analysis has indicated that the Thai and Myanmar 
populations are genetically similar to typical S. asakoae from 
Malaysia, although the intraspecific variation is high in the Thai 
populations (Low et al., 2020). The other closely related members 
described from Malaysia include S. brinchangense, S. hoiseni 
Takaoka, S. izuae Takaoka et al., S. lurauense Takaoka et al., S. 
roslihashimi, S. sofiani Takaoka and Hashim, and S. tanahrataense 
(Low et al., 2015; Adler, 2024).
 Simulium asakoae has received considerable attention due to 
its medical and veterinary importance (Ishii et al., 2008; Thaijarern 
et al., 2019; Aupalee et al., 2020). The taxonomic and ecological 
status of most Malaysian black flies has been well-documented 
and characterized (Ya’cob et al., 2016a, 2016b). Simulium asakoae 
inhabits middle to high elevations. Its larvae and pupae are found 
at water temperatures from 19°C to 21°C (Ya’cob et al., 2016a). 
Similarly, in Thailand, S. asakoae is found in streams with water 
temperatures of 22°C and below (e”500 m asl) (Srisuka et al., 2015).

Figure 4. Distribution of Simulium asakoae in Asian countries: China (Hong Kong), Peninsular Malaysia, Myanmar, Taiwan, Thailand (dots 
represent studies on S. asakoae in Northern Thailand mostly related to biting activities), and Vietnam. Cameron Highlands of Peninsular 
Malaysia is the type locality of this species.

Figure 3. Positive PCR amplification of 623 bp using Cyt b. Lane 1: 
Ladder 100 bp, Lane 2: vertebrate DNA (positive control), Lane 3: 
negative control, Lane 4: Simulium asakoae – biting human (this 
study), Lane 5: Simulium asakoae – landed on human (this study), 
Lane 6: Simulium aziruni 1 (attracted to human, Izwan-Anas et al., 
2021), Lane 7: Simulium aziruni 2 (attracted to human, Izwan-Anas 
et al., 2021).
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 Simulium asakoae in Thailand has been confirmed as a natural 
vector of an unidentified filarial species and blood protozoan 
parasites of the genera Leucocytozoon and Trypanosoma (Fukuda 
et al., 2003; Thaijarern et al., 2019; Aupalee et al., 2020; Pramual 
et al., 2020b). The biting status and vectorial capacity of S. asakoae 
in other Asian countries, including Vietnam and Myanmar, remain 
unknown. Table 2 provides updated information on the distribution 
of S. asakoae and its status as an anthropophilic species and a vector 
of filaria in Asian countries. 
 The actual biting habits and vectorial roles of S. asakoae in the 
transmission of parasites and pathogens in Malaysia remain to be 
investigated. Females of most members of the S. asakoae species 
group are almost morphologically identical, sharing features such as 
mandibles with outer and inner teeth and claws each with a large 
basal tooth (Takaoka et al., 2020). Female flies of this species group 
play a role in naturally transmitting various zoonotic parasites and 
other bacterial and viral pathogens. Further studies are warranted 
to elucidate their actual biting habits and potential for pathogen 
transmission.
 Future investigation of S. asakoae should focus on the 
Onchocerca parasites to identify their potential to cause zoonotic 
onchocerciasis, including accurate species identification, prevalence, 
and the host-vector-parasite transmission cycle in Malaysia. A 
novel diagnostic tool, colorimetric loop-mediated isothermal 
amplification (LAMP) targeting specific DNA biomarkers of the genus 
Onchocerca (O-150), might be a good option for the mass screening 
of Onchocerca parasites due to its proven accuracy, sensitivity, and 
simplicity (Alhassan et al., 2014). Onchocerca parasites of black 
flies are hypothesized to be highly diverse due to the abundance 
of various host animal species, such as wild boars in natural forests 
and marginalized areas and domestic animals, including those on 
cattle farms and deer ranches in Malaysia. Until recently, O. dewittei 
Bain, Ramachandran, Petter and Mak, 1977 was the only species of 
Onchocerca reported in Peninsular Malaysia (Bain, 2002). Another 
Onchocerca species, O. borneensis Uni, Mat-Udin and Takaoka, 
has been described from the bearded pig Sus barbatus M ller in 
Long Banga, Sarawak, Malaysia (Uni et al., 2020). Therefore, it is 
recommended to conduct in-depth epidemiological surveillance 
on this potential zoonotic infectious disease by adopting the One 
Health investigative approach that includes human, animal, and 
environmental data.

Table 2. Notes on the distribution and biological status of Simulium asakoae in Asian countries

Country Distribution  Status Reference

Malaysia Cameron Highlands, Pahang  Confirmed as biting humans Current study

Thailand Chiang Mai Province Confirmed as biting humans and vector of (Aupalee et al., 2020; Fukuda et al., 2003;
 (Doi Saket District) unknown filaria parasites and avian blood Ishii et al., 2008; Pramual et al., 2020b;
  protozoans Trypanosoma and Leucocytozoon Thaijarern et al., 2019)

Vietnam Tam Dao National Park in Not confirmed as biting humans, although Takaoka et al. (2017); Takaoka et al. (2014)
 Vinh Phuc Province  collected while landed on a human

Myanmar  Shan State in Northeastern Not confirmed as biting humans Takaoka et al. (2018b)

China  Hong Kong (Tai Po Kau, Sai Kung, Not confirmed as biting humans Takaoka et al. (1995); Chen and An (2003)
 Castle Peak, Lantau Island and
 Silver Mine Bay) and South China

Taiwan Nantou County (Yuchih), Not confirmed as biting humans Takaoka et al. (2021)
 Hsinchu County (Youlou River, 
 Jiale Village, Jianshi Township)
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