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Abstract

Background and Aim: Filarial nematode typically produces a larval stage (microfilariae) in the bloodstream of vertebrate
hosts, where microfilariae reside in the blood or subcutaneous tissues. Filarial nematodes cause human diseases, such as
river blindness and elephantiasis, which are widely studied. However, in avian species, they are overlooked because they
are nonpathogenic. In Thailand, microfilaria can be found in wild birds and domestic chickens. Recently, an increase in the
number of blood samples submitted to veterinary diagnostic laboratories may have increased the number ofmicrofilariae.
Therefore, knowledge about filarial species and reliable detection methods are important. Therefore, this study aimed
to investigate the efficacy of buffy coat smear and polymerase chain reaction (PCR)-based methods for the detection of
microfilaria in domestic chickens. In addition, parasites were identified using the sequence of the cytochrome ¢ oxidase
subunit 1 (COXT) gene.

Materials and Methods: Giemsa-stained buffy coat smears from a previous study were reanalyzed. These available bufty
coat smears were prepared from 55 domestic chickens raised as backyard free-ranging in Southern Thailand. Fifty-seven
frozen genomic DNA extracted from chicken blood were used to detect the presence of the COX1 gene in Onchocercidae
nematodes. The nested PCR protocol for amplification of the OnchoCOI R2-OnchoCOI R2 fragment of the COX1 gene
was applied from a previous report. Sequences of COX1 were analyzed to identify Onchocercidae nematodes and if they were
single or mixed infections. We constructed Bayesian phylogenetics to identify parasites and assessment of the relationship
between filarial nematodes in avian species and other vertebrate hosts.

Results: Buffy coat smears from 15 samples revealed microfilaria. Of these 15 samples, only eight were positive for COX1
nested-PCR amplification. The other two buffy coat-negative samples were also positive for nested-PCR. Sequencing
of these 11 nested PCR-positive samples revealed that almost all of them were Onchocercidae nematodes. Bayesian
phylogenetic analysis showed that chicken Onchocercidae spp. were grouped with other avian filarial nematodes. However,
all chickens Onchocercidae spp. showed a double peak in the sequencing chromatogram, indicating mixed filarial infection
(species or haplotypes). Therefore, no chicken Onchocercidae sequence was deposited on National Center for Biotechnology
Information, GenBank.

Conclusion: Giemsa-stained buffy coat smear was a reliable method for the detection of chicken microfilaria in routine
veterinary diagnostic laboratories. Development of a new PCR-based method is necessary. This method may provide greater
sensitivity and specificity of detection. In addition, the PCR method allowed us to access the genetic characteristics of
nematodes, which helped us maximize our knowledge of nematodes. Further investigations, such as the pathogenicity of
filarial nematodes in chickens and their potential vectors, are required.

Keywords: Buffy coat smear, Chickens, Cytochrome ¢ oxidase I, Microfilaria, Nested-polymerase chain reaction.

Introduction nematodes typically produce a larval stage (microfilariae)
into the bloodstream, after which they reside in the blood
or subcutaneous tissues [4, 5]. In vectors, microfilariae
develop to the third larval stage before being transmit-
ted into the vertebrate host [6]. Adult filarial nematodes
reside in connective tissues, limb joints, body cavities,
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Filarial nematodes are viviparous and are trans-
mitted by hematophagous arthropods belonging to
the families Simuliidae, Ceratopogonidae, Tabanidae,
and Culidae [1-3]. In vertebrate hosts, these parasitic
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parasites are also important in veterinary medicine
because they cause diseases in dogs (heartworm
disease and subcutaneous dirofilariasis) and cats
(heartworm disease) as well as zoonosis, includ-
ing Dirofilaria immitis, Dirofilaria repens, Brugia
malayia, and Brugia pahangi [17, 18]. Filarial infec-
tions in avian species (avian filariasis) are gener-
ally overlooked because they are non-pathogenic,
resulting in a lack of studies on their pathogenicity,
effects on avian host fitness [19], and detection tech-
niques. However, fatal filarial infection has been
reported in red-billed blue magpies (Urocissa eryth-
rorhynchus) [10]. In domestic chicken (Gallus gal-
lus domesticus), filarial infection has been reported,
which may have a negative impact [12].

Conventionally, the diagnosis of human filar-
ial infection is based on the detection of circulat-
ing microfilariaec using Giemsa-stained thick blood
smears [18]. In avian species, microfilariae can be
readily observed in blood smears [20], but identifi-
cation of microfilariae to filarial species that solely
use morphologic features is doubtful because they are
highly similar in morphology and morphometry [2, 7].
Recently, molecular techniques have been proved suf-
ficient to detect filarial nematodes, identify species,
and perform phylogenetic analyses [6, 21]. However,
the use of filarial nematodes infected in domestic
chickens may not be sufficiently sensitive and specific
for use in routine laboratory diagnosis.

In Thailand, microfilaria have been reported in
both wild birds [22] and domestic chickens (G. gallus
domesticus) [20, 23, 24]. Microfilaria infection rates in
domestic chickens in Northern and Southern Thailand
are low (4.56%) and 4.21%, respectively [23, 24]. Two
forms of microfilariae have been found in Thai chick-
ens [24]: (i) unsheathed microfilaria with a short body
and hook-like tail and (ii) unsheathed microfilaria with
a long body and pointed tail. Although there is some
information on microfilariae infected in Thai domestic
chickens, there is not enough information on filarial
species, molecular characteristics, and high-sensitivity
detection methods. Investigation of the molecular
characteristics of microfilaria in Thai chickens may
help to develop high-sensitivity and high-specificity
parasite detection techniques. Furthermore, it may pro-
vide baseline information for further investigations of
filarial nematodes in chickens.

The aim of this study was to investigate Giemsa-
stained buffy coat smear and molecular detection
of microfilaria infection in Thai domestic chickens
raised in Southern Thailand. The phylogenetic rela-
tionship of filarial parasites will also be investigated.
Note that buffy coat smears were reanalyzed in this
study, which provided more information related to
molecular detection and microfilaria molecular char-
acteristics of domestic chickens. This report provides
sufficient information for routine laboratory diagno-
sis of microfilaria in chickens. In addition, molecular
characteristics will serve as a baseline for the further

development of highly sensitive and highly specific
detection methods.

Materials and Methods

Ethical approval

The Walailak University Institutional Animal
Care and Use Committee (Approval number:
WU-AICUC-64014 and WU-ACUC-65052) and the
Institutional Biosafety and Biosecurity Committee
(Approval number: WU-IBC-64-006) approved the
study.

Study period and location

This study was conducted from June 2021
to June 2022 in Southern Thailand (Nakhon Si
Thammarat, Phattalung, and Surat Thani). Laboratory
analysis was performed at Laboratory of Hematology,
Akkhraratchakumari Veterinary College, Walailak
University.

Blood sample collection

Blood samples were collected from June 2021
to June 2022. Blood samples (I mL) were drawn
from the brachial veins of 57 free-ranging chickens
raised in three southern Thailand provinces: Nakhon
Si Thammarat (23 samples), Phattalung (25 sam-
ples), and Surat Thani (nine samples). An ethylene-
diaminetetraacetic acid (EDTA) anticoagulant tube
was used for blood stowing. EDTA blood was kept
in an icebox and then submitted to the Laboratory of
Hematology, Akkhraratchakumari Veterinary College,
Walailak University. Within 12 h of collection, buffy
coat smears were prepared from blood samples.

Briefly, EDTA blood was placed in a hema-
tocrit tube and centrifuged at 15,000 g for 5 min.
Subsequently, the tube was cut at the bufty coat layer
with a few erythrocytes layer. A buffy coat with a few
erythrocytes was smeared onto the glass slide. The
smears were allowed to air dry at 35°C-37°C (an elec-
tric fan can be used to accelerate the drying process).
Air-drained buffy coat smears were fixed in absolute
methanol for 1 min and stained with 10% Giemsa
solution in phosphate buffer (pH 7.2) for 45 min.
The remaining blood samples were frozen for further
molecular analysis.

Microscopic examination

There were 55 bufty coatsamples available. These
buffy coat smears were detected for existing microfi-
laria using light microscopy at 400x magnification for
100 fields and were repeated at 1000x magnification
for 100 fields. Microfilariae were photographed for
morphology screening using a microscope (Olympus
BX43, Olympus, Tokyo, Japan) equipped with a dig-
ital camera (OlympusDP27, Olympus) and CellSens
imaging software (version 1.18, Olympus).
Nested polymerase chain reaction (PCR) for cyto-
chrome c oxidase 1 (COX1)

A total of 57 blood samples were included for
molecular detection of the COXT gene of filarial nem-
atodes. These 57 EDTA blood samples were extracted
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for genomic DNA using the Blood Genomic DNA
extraction mini kit (FavorPrep, Pingtung, Taiwan).
The DNA was then stored at —20°C until further pro-
cessing. For nested PCR amplification of the fragment
of COXI (900 bp) of Onchocercidaec nematodes, the
protocol was followed in a previous report [5], with
some modifications of the thermocycling conditions.
In short, the external primers OnchoCOI _F1 (5'-TTG
TGG AAT GAC TTT TGG YAA T-3")/OnchoCOI
R1 (5'-AAT CTT AAC AGC TCT AGG AAT
AGC-3") and the internal primers OnchoCOI F2 (5'-
CTG TTA ATC ATA AGA CTA TTG GTA CT-3")/
OnchoCOI R2 (5'-CAG CAC TAA AAT AAG TAC
GAG TAT C-3") were used for amplification of COX1
fragment of microfilaria, which is in the larval stage of
Onchocercidae nematodes.

The thermocycling conditions for each PCR step
were as follows: Pre-denaturation (95°C for 5 min),
35 cycles of denaturation (95°C for 1 min), annealing
(primary step: 53°C for 1 min and nested step: 50°C
for 1 min), and extension (72°C for 1 min), which was
completed by the final extension at 72°C for 10 min.
All products from the primary reaction were diluted
with distilled water (1:10) before being used as a tem-
plate in the nested reaction. A total volume of 20 uL of
the PCR mix was prepared, which contained 10 uL of
master mix (OnePCR™, Ultra, Bio-Helix, New Taipei
City, Taiwan), 1 pL of each primer (10 uM), 6 uL of
distilled water, and 2 uL. of DNA template (concentra-
tion <25 ng/uL in most samples).

A non-template control was used to make sure
there were no false positives. The positive control was
sample AVC 09, which showed microfilaria in the
buffy coat smear. We checked the PCR products using
1.5% agarose gel prepared from the Agarose Tablets
(Bio-Helix). The bands at 850-900 bp were then
extracted and purified using PCR Clean-Up and Gel
Extraction Kit (PureDirex, Bio-Helix). Purified DNA
was submitted to Macrogen (Seoul, South Korea)
for Sanger sequencing for both forward and reverse
strands.

Sequence analysis and phylogenetics

We retrieved 11 sequences of filarial nematodes
from this study. Forward and reverse strands were
screened for noise sequencing, and the contig sequence
was generated using BioEdit version 7.0.5.3 [25].
Two samples with weak DNA sequences (AVC31
and AVC33) were excluded from the sequence anal-
ysis. The contig sequences of the other nine samples
were blast on GenBank, to check whether they are
Onchocercidae nematodes or not. Filarial nematode
mixed infection was also identified using the double
peak in the sequencing chromatogram.

Of these nine sequences, only one sequence
(AVCO09) exhibited a few noises. Therefore, it was
used for further analysis. Because the similitude
values in BLAST were low, 28 COXI sequences of
Onchocercidae nematodes and other filarial nematodes

from NCBI GenBank were included for phylogenetic
analysis. The list of sequences follows a previous
report Binkiené et al. [4]. We used the COX1 sequence
of Ascaridia galli (KT613888) as the out group.
Bayesian phylogenetic analyses of filarial nem-
atodes were performed using MrBayes version 3.2.6,
https://nbisweden.github.io/MrBayes/download.html
[26]. The general time-reversible phylogenetic model
was selected using the mrModeltest 2.3 program,
https://github.com/nylander/MrModeltest2 [27] based
on the hierarchical likelihood ratio test. The Markov
chain Monte Carlo has been run for 3 million genera-
tions, with sampling every 100 generations. The first
25% of the samples were discarded as “burn-in.” Next,
the consensus tree was calculated using the remain-
ing 22,500 trees. Figtree version 1.4.3, http://tree.
bio.ed.ac.uk/software/figtree/ visualized the tree. The
genetic distance between sequences was calculated
using the Jukes—Cantor model, in which all substitu-
tions were equally weighted (implemented in MEGA
version 11, https://www.megasoftware.net/) [28].

Statistical analysis

The microfilaria infection rate was calculated
on the basis of buffy coat smear examination results.
Fisher’s exact test was used to assess differences in the
microfilaria infection rate in each province (Nakhon Si
Thammarat, Phatthalung, and Surat Thani). Fisher’s
exact test was implemented in R version4.2.2; p<0.05
was considered statistically significant.

Results

Buffy coat smears revealed microfilariae in 15
chickens (Table-1). These microfilariae distinguish
the cephalic space, nerve ring, excretory pore, inner
body pore, and anal pore (Figure-1). The rate of infec-
tion was 27.27%. Nakhon Si Thammarat (14.54%),
Phattalung (12.73%), and Surat Thani (0.00%) did
not differ significantly in terms of microfilaria infec-
tion. Of these 15 samples, nested-PCR amplification
of the cytochrome ¢ oxidase subunit 1 (COX/) gene
was successful in only eight samples. Furthermore,
two buffy coat smear-negative samples were suc-
cessfully used for COXI1 amplification. A total of 11
nested-PCR-positive samples revealed noisy sequenc-
ing for sequence analysis. Two of these sequences
showed weak sequencing, which was excluded from
sequence analysis. The other nine sequences were
Onchocercidae nematodes with low similitude values
in GenBank BLAST, <90% identity.

These nine sequences were identified as filar-
ial nematode mixed infection due to the noise of the
sequencing chromatogram (double peak chromato-
gram). We performed further phylogenetic analysis
of one sequence with little noise (AVC09) to identify
the possible genus of the parasite. The Bayesian phy-
logeny revealed that the COX1 sequences of microfi-
laria AVCO09 were grouped with those of other avian
Onchocercidae nematodes (Figure-2.). This clade
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Figure-1: Microfilaria of Onchocercidae nematodes (a-d) in domestic chickens raised in Southern Thailand. Microfilaria
had cephalic space (CS), nerve ring (NR), excretory pore (EP), inner body pore (IP) anal pore (AP). Noted, extracellular
gametocytes of Plasmodium (P) and fusiform gametocytes of Leucocytozoon (L) were found in buffy coat smear. Giemsa

staining.

Table-1: Buffy coat smear and nested-PCR detection
of microfilaria in backyard chickens (Gallus gallus
domesticus) raised in Southern Thailand.

Chickens Buffy coat Nested-PCR Sequencing

smears (n=57)
(n = 55)

AVCO07 Positive? Negative -

AVCO09 Positive® Positive Onchocercidae spp.
AVC11 Positive® Positive Onchocercidae spp.
AVC12 Positive Positive Onchocercidae spp.
AVC13 Positive® Negative -

AVC14 Positive Positive Onchocercidae spp.
AVC15 Positive® Positive Onchocercidae spp.
AVC17 Positive? Positive Onchocercidae spp.
AVC25 Negative Positive Onchocercidae spp.
AVC26 Negative Positive Onchocercidae spp.
AVC31 Positive® Positive Weak sequencing
AVC32 Negative Positive Onchocercidae spp.
AVC33 Positive® Positive Weak sequencing
AVC36 Positive® Negative -

AVC38 Positive® Negative -

AVC39 Positive© Negative -

AVC44 Positive® Negative -

AVC45 Positive® Negative -

Noted, buffy coat smear examination revealed co-infection
with other blood parasites: (a) Microfilaria, Leucocytozoon
and Trypanosoma, (b) Microfilaria and Leucocytozoon,
and (c) Microfilaria, Leucocytozoon and Plasmodium.
Molecular characteristics of some Leucocytozoon and
Plasmodium were reported by Boonchuay et al. [29].
PCR=Polymerase chain reaction

contained avian Onchocercidac nematode sequences
and nematodes isolated from Pachydactylus turn-
eri (JQ888272) and Rangifer tarandus (JQ888273).
The genetic distance between COX] in filarial nem-
atodes in avian hosts ranged from 0.00% to 16.89%.
Microfilaria AVCO09 is closely related to Eufilaria
sylviae 923E (MT800771, 90.22% homology) and
E. sylviae 911E (MT800770, 90.02% homology).

Both phylogenetic analysis and genetic distance
showed that microfilaria found in chickens belong to
the family Onchocercidae. However, the sequence did
not contain a single peak in the chromatogram, which
was considered to indicate mixed infection (species
or haplotypes). Therefore, the Onchocercidae AVC09
sequence was not deposited in NCBI GenBank.

Discussion

The microfilaria infection rate in chickens raised
in Nakhon Si Thammarat and Phatthalung was rel-
atively high at 27.27%. This is similar to the previ-
ous report of microfilaria-infected native chicken in
Southern Thailand (18.79%) [24], where the infec-
tion rate in the layer was 3.64% and in broilers was
0.29%. These two reports detected microfilaria using
buffy coat smear methods. This is evidence that fur-
ther investigation for maximizing knowledge of avian
filarial nematodes in chickens, sample collection in
native chickens, or hybrid chickens raised as back-
yard free-ranging can gain the opportunity to obtain
microfilaria. In addition, the stained bufty coat smear
method was considered to be a reliable method for rou-
tine laboratory diagnosis of microfilaria infection. In
addition, this inexpensive method can be used to used
to detect other blood parasites such as Plasmodium,
Leucocytozoon, and Trypanosoma [29].

There have been a few reports of species iden-
tification of filarial nematodes in domestic chickens
(G. gallus domesticus) in Southeast Asia [12], includ-
ing Paronchocerca (Bhalfilaria) badami, Cardiofilaria
(Gallifilaria) mhowensis, and Cardiofilaria nilesi. Adult
worms of these filarial nematodes were found in the
heart, except in the body cavity of C. nilesi. However,
their nucleotide sequences are not available in the
NCBI GenBank database. Thus, our isolated sequences
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Figure-2: Bayesian phylogeny of Onchocercidae spp. (AVC09), given in bold, and other filarial nematodes. The
consensus sequence of cytochrome c oxidase subunit 1 (COX1) was 630 bp. Avian filarial nematodes were grouped
together (highlighted), with two filarial nematodes isolated from Pachydactylus turneri (JQ888272) and Rangifer tarandus

(JQ888273). COX1 sequence of Ascaridia galli (KT613888)

was used as out group.

Table 2: Sequence of cytochrome c oxidase 1 of microfilaria isolated from chickens AVCO09.

Host Sequence

Chickens raised in Nakhon
Si Thammarat, Thailand

CTATTTTGTCTATAATTATACGTTTTGAATTGTCTAGACCTGGTGGTTATTTGTTTTTTGGT
AGCGGACAGGTGTATAATTCTGTTTTAACTATGCATGGTGTTTTAATAATTTTTTTITATGGT

TATGCCAATTTTAATTGGTGGTTTTGGTAATTGAATGTTGCCTATTATATTGGGGGCTCCTG

AAATAGCTTTTCCTC

GTGTTAATGCGTCTATCTTTTTGATTTACTTTTGTAGCTTTAATGAT

GGTTTATCAATCTTTTTTTATTGGCGGTGGACCTGGTAGAAGTTGAACTTTTTATCCTCCTT
TGAGAGTGGAAGGTCAACCTGAAATATCTTTAGATGTTATAATTTTAGGTTTGCACACTGTA
GGTATTGGTTCTTTATTGGGCGCTCTTAATTTTATAGTTACTGTTCAAAATATACGTTGTAA
CACTGTTACATTAGATCAAGTTAGTATATTTGTTITGAACTTCTTATTTAACTTCTTTTTTAT
TAGTTTTATCTATTCCTGTTTTAGCTGGTTCTCTTTTGTTTTTATTATTAGATCGTAATTTT
AATACTTCTTTTTACGATACTAAAAAAGGAGGTAATCCTTTACTTTATCAACATTTGTTTTG
ATTTTTTGGTCATCCTGAAGTTTATGTTATTATTTTACCTGTTTTTGGTATTATCAGAGAGG
CTGTTTTATTTTTAACTGATAAGGATCGTTTGTTTGGTCAAACTAGAATAACTTTCTGCTTC
TATTTGAATTGCTGTTTTAGGTACTTCTGTTTGAGGTCAT

(Table-1) [29] did not determine whether these three
nematodes were present. Apart from these three filar-
ial nematodes, wild jungle fowls (Gallus spp.), which
are the ancestor of domestic chickens, can be infected
by more filarial species [12], including Pelecitus galli,
C. nilesi, Lemdana latifi, Lemdana sonneretta, and
Lemdana (Singhneretta) sonneretta. These filarial nema-
todes may have the potential to infect domestic chickens.

Although nested-PCR of COXI fragment
OnchoCOI_F2-OnchoCOI_R2 works well in passer-
ine birds [6], this protocol failed in some chicken blood
samples, where buffy coat smear revealed microfilaria.
This may be related to its sensitivity and specificity
to chicken filarial nematodes. Another PCR protocol
amplified the fragment COlintF-COIlintR of COXI
[30]. However, this protocol is likely to use touch-
down PCR [4] because the thermocycler may not be
available in some veterinary diagnostic laboratories.

For these reasons, the design and development of a
better PCR-based detection method is required. PCR
detection not only shows infection status but also
allows access to the genetic characteristics that help
further parasite identification.

According to Bayesian phylogenetic analysis
(Figure-2), our isolated sequences (AVC09) were
grouped in avian Onchocercidae nematodes clade. This
is evidence that the sequence of COX1 can help in para-
site identification. Information on nucleotide sequences
and the morphological characteristics of adult worms
or microfilaria should be interpreted. The morpholog-
ical characteristics of microfilaria may not be used
solely because they are highly similar in morphology
and morphometry among filarial species [2, 7]. All
our isolated sequences showed noise or double peak
sequences that might indicate mixed filarial infection,
which can be a mixed species or haplotype infection.
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Further investigations that combine both microscopic
and molecular techniques are required. Filarial mixed
infection can occur in chickens, which is supported by
two morphotypes of microfilariae in chickens [24],
namely, unsheathed microfilaria with short bodies and
hook-like tails and unsheathed microfilaria with long
bodies and pointed tails.

Conclusion

This study revealed a high microfilaria infec-
tion rate (27.27%) in chickens raised as back-
yard free-ranging in Nakhon Si Thammarat and
Phatthalung province. We found evidence that the
staining-buffy coat smear method should be used for
the detection of microfilaria in routine diagnostic lab-
oratories. In addition, this report is the first molecular
study of microfilaria-infected domestic chickens from
Thailand. In this study, on the basis of the sequence
of COXI, we identified Onchocercidae nematode
infections that might be mixed infection (may be at
the level of species or haplotypes). However, there
is a need for the development of a new PCR-based
detection method. This may increase the sensitivity
and specificity of detection, as well as the character-
istics of the COXI gene, which may help to identify
parasites. Furthermore, we would like to encourage
the study of filarial nematodes in domestic chickens
in Southern Thailand. Further studies are necessary
to better understand filarial nematode species, their
pathogenicity, and their potential vector.

Authors’ Contributions

PP: Conceptualization, methodology, investiga-
tion, data collection, writing-original draft prepara-
tion, writing-review and editing. KB: Data collection
and data curation. Both authors have read, reviewed,
and approved the final manuscript.

Acknowledgments

The authors sincerely thank the farmers and
livestock authorities for their cooperation in sam-
ple collection. This study was funded by Walailak
University Individual Research Grant (Grant number:
WU-IRG-64-054). We would like to thank Dr. Curt
Barnes of the Department of Biology, School of
Science, Walailak University for proofreading of the
manuscript.

Competing Interests

The authors declare that they have no competing
interests.

Publisher’s Note

Veterinary World remains neutral with regard
to jurisdictional claims in published institutional
affiliation.

References

1. Haas, M., Barus, V., Benedikt, V. and Literak, I. (2011)
Microfilariae in birds in the Czech Republic, including a

10.

11.

12.

13.

14.

15.

16.

17.

18.

note on adult nematodes Eufilaria delicata in a song thrush
Turdus philomelos. Parasitol. Res., 109(3): 645—655.
Sehgal, R.N.M., Jones, H.I. and Smith, T.B. (2005)
Molecular evidence for host specificity of parasitic nem-
atode microfilariae in some African rainforest birds. Mol.
Ecol., 14(13): 3977-3988.

Anderson, R.C. (2000) Book Nematode Parasites of
Vertebrates: Their Development and Transmission. 2™ ed.
CARB International, Wallingford.

Binkien¢, R., Chagas, C.R.F., Bernotiené, R. and
Valkitinas, G. (2021) Molecular and morphological char-
acterization of three new species of avian Onchocercidae
(Nematoda) with emphasis on circulating microfilariae.
Parasit Vectors, 14(1): 137.

Vaughan, J.A., Hinson, J., Andrews, E.S. and Turell, M.J.
(2021) Pre-existing microfilarial infections of American
Robins (Passeriformes: Turdidae) and common grackles
(Passeriformes: Icteridae) have limited impact on enhanc-
ing dissemination of west Nile virus in Culex pipiens mos-
quitoes (Diptera: Culicidae). J. Med. Entomol., 58(3):
1389-1397.

Garrido-Bautista, J., Harl, J.H., Fuehrer, H.P., Comas, M.,
Smith, S., Penn, D.J. and Moreno-Rueda, G. (2023)
Prevalence, molecular characterization, and ecological
associations of filarioid helminths in a wild population of
blue tits (Cyanistes caeruleus). Diversity, 15(5): 609.
Hamer, G.L., Anderson, T.K., Berry, G.E., Makohon-
Moore, A.P., Crafton, J.C., Brawn, J.D., Dolinski, A.C.,
Krebs, B.L., Ruiz, M.O., Muzzall, P.M., Goldberg, T.L.
and Walker, E.D. (2013) Prevalence of filarioid nematodes
and trypanosomes in American robins and house sparrows,
Chicago USA. Int. J. Parasitol. Parasites Wild., 2: 42—49.
Granth, W.O. Jr. (1980) Fate of the wild avian filarial nema-
tode Chandlerella quiscali (Onchocercidae: Filarioidea) in
the domestic chicken. Poult. Sci., 59(5): 996—1000.
Bartlett, C.M. and Anderson, R.C. (1981) Occult filariasis
in crows (Corvus brachyrhynchos brachyrhynchos Brehm)
infected with Splendidofilaria caperata Hibler, 1964
(Nematoda: Filarioidea). J. Wildl. Dis., 17(1): 69-77.
Simpson, V.R., MacKenzie, G. and Harris, E.A. (1996) Fatal
microfilarial infection in red-billed blue magpies (Urocissa
erythrorhynchus). Vet. Rec., 138(21): 522-523.

Huang, Y.L., Tsai, S.S., Thongchan, D., Khatri-Chhetri, R.
and Wu, H.Y. (2017) Filarial nematode infection in Eclectus
parrots (Eclectus roratus) in Taiwan. Avian Pathol., 46(2):
188-194.

Sekiguchi, M., Nonaka, N., Adachi, M., Sekiya, T. and
Yamamoto, Y. (2018) Avian filariasis in backyard chickens
in Japan. Avian Dis., 62(3): 326-329.

Bartlett, C.M. (2008) Filarioid nematodes. In:
Atkinson, C.T., Thomas, N.J. and Hunter, D.B., editors.
Parasitic Diseases of Wild Birds. Wiley-Blackwell, Iowa,
p439-462.

Barua, P., Sharma, A., Hazarika, N.K., Barua, N., Bhuyan, S.
and Alam, S.T. (2011) A rare case of ocular onchocercia-
sis in India. Southeast Asian J. Trop. Med. Public Health,
42(6): 1359-1364.

Otsuji, Y. (2011) History, epidemiology and control of fila-
riasis. Trop. Med. Health, 39(1): 3—13.

Chandy, A., Thakur, A.S., Singh, M.P. and Manigauha, A.
(2011) A review of neglected tropical diseases: Filariasis.
Asian Pac. J. Trop. Med., 4(7): 581-586.

Younes, L., Barré-Cardi, H., Bedjaoui, S., Ayhan, N.,
Varloud, M., Mediannikov, O., Otranto, D. and Davoust, B.
(2021) Dirofilaria immitis and Dirofilaria repens in mosqui-
toes from Corsica Island, France. Parasit Vectors, 14(1): 427.
Phuakrod, A., Sripumkhai, W., Jeamsaksiri, W.,
Pattamang, P., Juntasaro, E., Thienthong, T., Foongladda, S.,
Brindley, P.J. and Wongkamchai, S. (2019) Diagnosis of
feline filariasis assisted by a novel semi-automated micro-
fluidic device in combination with high resolution melting
real-time PCR. Parasit Vectors, 12(1): 159.

Veterinary World, EISSN: 2231-0916

893



Available at www.veterinaryworld.org/Vol.17/April-2024/18.pdf

19.

20.

21.

22.

23.

Merkel, J., Jones, H.I.,, Whiteman, N.K., Gottdenker, N.,
Vargas, H., Travis, E.K., Eric Miller, R. and Parker, P.G.
(2007) Microfilariae in Galapagos penguins (Spheniscus
mendiculus) and flightless cormorants (Phalacrocorax har-
risi): Genetics, morphology, and prevalence. J. Pasasitol.,
93(3): 495-503.

Prasopsom, P., Salakij, C., Lertwatcharasarakul, P. and
Pornpranom, P. (2020) Hematological and phylogenetic
studies of Leucocytozoon spp. in backyard chickens and
fighting cocks around Kamphaeng Saen, Thailand. Agr: Nat.
Resour., 54(6): 595-602.

Ferri, E., Barbuto, M., Bain, O., Galimberti, A., Uni, S.,
Guerrero, R., Ferté, H., Bandi, C., Martin, C. and
Casiraghi, M. (2009) Integrated taxonomy: Traditional
approach and DNA barcoding for the identification of filar-
ioid worms and related parasites (Nematoda). Front. Zool.,
6: 1.

Pornpanom, P, Salakij, C., Prasopsom, P,
Lertwatcharasarakul, P. and Kasorndorkbua, C. (2019
Morphological and molecular characterization of avian
trypanosomes in raptors from Thailand. Parasitol. Res.,
118(8): 2419-2429.

Takang, P., Pikulkaew, S., Awaiwanont, N. and Numee, S.
(2017) Prevalence and risk factors of blood parasites infec-
tion in backyard chickens in Chiang Mai. Chiang Mai Vet.
J., 15(3): 157-167.

24.

25.

26.

27.

28.

29.

30.

Worasing, R., Kongkeaw, K., Nithiuthai, S. and Sihamart, N.,
editors. (2003) Preliminary Report of Microfilaria
from Chicken in Southern Thailand. In: Proceedings of
42 Kasetsart University Annual Conference: Animals,
Veterinary Medicine, Bangkok.

Hall, T.A. (1999) BioEdit: A user-friendly biologi-
cal sequence alignment editor and analysis program for
Windows 95/98/NT. Nucleic Acids Symp. Ser., 41: 95-98.
Ronquist, F. and Huelsenbeck, J.P. (2003) MrBayes 3:
Bayesian phylogenetic inference under mixed models.
Bioinformatics, 19(12): 1572—-1574.

Nylander, J.A.A. (2004) MrModeltest 2.3. Program
Distributed by the Author. Evolutionary Biology Centre,
Uppsala University, Sweden.

Tamura, K., Stecher, G. and Kumar, S. (2021) MEGA11:
Molecular evolutionary genetics analysis Version 11. Mol.
Biol. Evol., 38(7): 3022-3027.

Boonchuay, K., Thomrongsuwannakij, T., Chagas, C.R.F.
and Pornpanom, P. (2023) Prevalence and diversity of blood
parasites (Plasmodium, Leucocytozoon and Trypanosoma)
in backyard chickens (Gallus gallus domesticus) raised in
Southern Thailand. Animals (Basel), 13(7): 2798.
Casiraghi, M., Anderson, T.J., Bandi, C., Bazzocchi, C. and
Genchi, C. (2001) A phylogenetic analysis of filarial nema-
todes: Comparison with the phylogeny of Wolbachia endo-
symbionts. Parasitol, 122: 93—103.

sk sk sk sk sk sk

Veterinary World, EISSN: 2231-0916

894



