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The study was planned to evaluate the inter, and intra population genetic variation in general protein
banding pattern in Oestrus ovis larvae, by using 10% sodium dodecyl sulfate polyacrylamide gel elec-
trophoresis (SDS PAGE). The larvae were collected from slaughtered goats head from five different loca-
tions (AAS, PN, LA, GM, and BC) of Karachi, Pakistan. The data obtained was subjected to POPGENE
(Population Genetic Analysis) software for analysis. The polymorphic loci within populations ranged from
45.45% to 90.91%. Polymorphic loci observed in all populations were 90.91%. The expected heterozygosity
observed was 0.182 ± 0.096 in all populations. The chi-square test showed 5 out of 11 loci at H-W equi-
librium. The overall fixation index (FST) value was 0.108, showing that the likelihood of subpopulations
being differentiated from one another is about 11 percent. The gene flow value (Nm = 2.065) was higher,
showing that genes flow occurs between populations. The values of genetic identity were greater, and
genetic distance were smaller among all the populations, which means that all the populations were
more alike and closer to each other. It was concluded that there was no sympatric and parapatric popu-
lation differentiation observed among all the population of O. ovis and the populations of the five different
locations were not genetically and reproductively isolated from each other.
� 2021 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Oestrus ovis larvae is a widely distributed parasite, mostly live in
the horns, frontal sinuses, and nasal cavities of goats and sheep.
This parasite consequently leads to myiasis, termed nasal Oestrosis
(Kamal et al., 2021a,b). Oestrosis infections spread worldwide, pre-
dominantly in the Mediterranean regions of Europe and Africa
(Ahaduzzaman, 2019). Oestrosis infection starts when adult flies
lay eggs in the nostrils of the sheep and goats. Tiny transparent
white 1st stage larvae hatch and move inside the nasal cavity
and feed on the mucous membrane for their development and
growth (Tabouret et al., 2003). The larval period is short (1–
10 months), when larvae fully developed it shrinks its size and
changes to pupae and gets down from nasal cavity to pupariate
in the ground litter, and after 23–28 days, adults come out pre-
pared for mating (Cepeda-Palacios and Scholl, 2000). This infection
causes acute clinical manifestations, including breathing disorders
(snoring respiration, breathlessness), mucopurulent discharge,
anorexia, and weakness (Hoyer et al., 2016). Afterward, Myiasis
abscess in the lungs leads to starvation that might cause death
(Kamal et al., 2021a,b). Occasionally, larvae move from frontal
sinuses and nasal cavity to the brain leading to false gid (Patra
et al., 2018). Ultimately the pathogenic effects lead to considerably
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less animal production and significant economic losses to the agri-
cultural industry as estimated roughly as 200–500 gm of wool,
1.1–4.6 kg of meat, and up to 10 % milk per animal (El-Tahawy
et al., 2010; Ipek, 2018).

The electrophoretic study of proteins is used to clarify species
taxonomic position and the evolutionary relationships of popula-
tions within and between species. Protein gel electrophoresis is
used to determine genetic diversity within the populations of the
same species as well as within different species (Odhano et al.,
2018). This investigation is further used to differentiate and iden-
tify two morphologically similar species on the genetic level (Naz
et al., 2017). This study was planned to discover inter and intra
population genetic variation in general protein banding patterns
in O. ovis larvae collected from five different areas of Karachi,
Pakistan.
2. Materials and methods

2.1. Sample’s collection and identification

O. ovis larvae were collected from infected goats head from five
locations [(Al-Asif Square (AAS), Paposh Nagar (PN), Liaquatabad
(LA), Gol Market (GM), and Bhains Colony (BC)] of Karachi, Pakistan
(Fig. 1). A total of 110 larvae (22 larvae from each location) were
collected. The larvae were collected in small bottles, labeled
accordingly, immediately stored in the icebox, and transferred to
the laboratory. The larvae were studied under a microscope and
identified as O. ovis larvae based on the keys described by Zumpt
(1965). Then the larvae were stored at �20 �C for further
processing.

2.2. Protein extraction and SDS PAGE

PAGE was used to study the total protein banding pattern of O.
ovis larvae. Before electrophoresis analysis, the process of protein
extraction was carried out. O. ovis larvae were crushed and homog-
enized in Tris-citrate buffer by hand homogenizer. The homoge-
nate was drawn into a 1.5 ml Eppendorf tube and labeled
accordingly. Then all the Eppendorf tubes were centrifuged at
Fig. 1. Map of the five sampling
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15000 rpm for 15 min. The supernatants were transferred to new
labeled Eppendorf tubes. The extract was either used instantly
for electrophoresis or store at �20 �C until further analysis (Naz
et al., 2017). For general protein, 10% SDS PAGE was carried out
as described by Laemmli (1970) in the discontinuous buffer system
under reducing conditions.

2.3. Staining and de-staining of gel

Staining solution: Dissolve 0.5 g Coomassie brilliant blue in
12.5 ml methanol and 18.75 ml acetic acid. Make volume up to
250 ml with distilled water. Thereafter, the solution was stored
at room temperature. Destining solution: Mix together 150 ml of
acetic acid and 100 ml of methanol. Make up to two liters. There-
after, the solution was stored at room temperature (Ali et al.,
1995).

The obtained gel was transferred to a petri dish and washed
with distilled water. Then the staining solution was added, and
the gel was left in for 24 h. After removing the stain solution, the
gel was rinsed with distilled water. Then the de-staining solution
was added and allowed the gel to de-stain for 24 h.

2.4. Banding pattern analyses

After getting visible band patterns on the gel, the protein band-
ing patterns were documented through photography with the help
of a camera. The bands were considered as locus following the
nomenclature system of Harris and Hopkinson (1976).

2.5. Data analysis

All the data calculations for genetic variation were carried out
with PopGene (version 1.32) software (Yeh et al., 1999). The soft-
ware was used to find out the percentage of polymorphic loci,
observed homozygosity and expected homozygosity
(Levene,1949), observed heterozygosity and expected heterozy-
gosity (Levene, 1949) and Nei’s Heterozygosity (Nei, 1973). The
observed number of allele, effective number of allele (Kimura
and Crow, 1964), Shannon’s Information index (Lewontin, 1972),
sites of Karachi, Pakistan.
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Summary of gene flow and F-statistics (Nei, 1978), Genotype fre-
quency, Chi-square test for Hardy-Weinberg equilibrium were also
calculated. The mean unbiased genetic distance (D) and genetic
identity (I) were calculated from the allelic frequencies according
to Nei (1972).
3. Results

General protein banding patterns were used to examine the
genetic variability among the five populations of O. ovis (AAS, PN,
LA, GM, and BC) using 10% SDS PAGE. A total of eleven loci were
determined among these five populations. The highest percent
(90.191%) of polymorphic loci was observed in the population of
PN. In comparison, the lowest and same percentage (45.45%) of
Polymorphic loci was observed in three populations (LA, GM, and
BC). The polymorphic loci observed in all populations were 10
(90.91%) (Table 3). Allele A was found in higher frequency than that
of allele B among all the populations (Table 1). Total five loci
appeared with non-significant value during the Hardy-Weinberg
equilibrium (v2) test. While the other six loci showed a significant
difference, which meant that they deviated from the Hardy-
Weinberg equilibrium (Table 2).

The F statistics were also calculated among O. ovis populations
for genetic structure and gene flow. The average FIS value across
the entire loci was �0.293. The FIS value of all loci was negative,
indicating an excess of observed heterozygotes. The overall fixation
index value was (FST = 0.108), showing that the likelihood of sub-
populations being differentiated from one another is about 11 per-
cent. The gene flow value (Nm = 2.065) was higher, showing that
genes’ flow occurs between populations (Table 2).

Nei’s heterozygosity was estimated in 5 populations from the
overall mean allele variability and was observed different in all
the populations. The maximum Nei’s heterozygosity was observed
in the AAS population, which was 0.233 ± 0.178, and the minimum
0.104 ± 0.134 was observed in the LA population. The mean Nei’s
heterozygosity observed among all the populations was 0.181 ± 0.
096 (Table 3).

Among all the five populations, maximum allele variation (I)
was found in AAS population, which was 0.360 ± 0.257. The lowest
one 0.174 ± 0.215 was observed in the LA population (Table 4).

The maximum value of Nei’s genetic identity (I = 0.992) and the
minimum value of genetic distance (D = 0.008) was observed
Table 1
The description of each locus allele frequency observed in the five O. ovis populations.

Locus Alleles PN AAS

GP-1 A
B

1.000 1.000

GP-2 A
B

0.8636
0.1364

0.7273
0.2727

GP-3 A
B

0.8545
0.1455

1.000

GP-4 A
B

0.8909
0.1091

0.7727
0.2273

GP-5 A
B

0.8364
0.1636

0.5455
0.4545

GP-6 A
B

0.8545
0.1455

0.7273
0.2727

GP-7 A
B

0.8364
0.1636

0.8182
0.1818

GP-8 A
B

0.8909
0.1091

1.000

GP-9 A
B

0.9727
0.0273

0.9091
0.0909

GP-10 A
B

0.8909
0.1091

0.8182
0.1818

GP-11 A
B

0.9636
0.0346

0.9091
0.0909
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between GM and LA populations, which means that these two pop-
ulations were more similar and less distant from each other. The
values of genetic identity were greater and genetic divergence
were smaller among all the populations (Table 5). The dendrogram
based on Nei’s (1972) genetic distance showed that the LA, GM,
and BC populations were close to each other as they were in the
same cluster (Fig. 2).
4. Discussion

Protein gel electrophoresis is used to determine genetic diver-
sity within the populations of the same species and different spe-
cies. This investigation is further used to differentiate and identify
two morphologically similar species on the genetic level (Naz et al.,
2017; Sujatha et al., 2011). The current investigation was designed
to discover population differentiation and genetic variation in five
populations of O. ovis.

In the current study, the percentage of polymorphic loci within
populations ranged from 45.45% to 90.91%. The percent polymor-
phic loci observed in all populations was 90.91%. The observed per-
centage of polymorphic loci was higher than that previously
recorded in the populations of other dipteran insects such as
67.2% and 56.8% in Aedes aegypti (Shi et al., 2017; Gokhale et al.,
2015), 27.5% in Culex tritaeniorhynchus (Kanojia et al., 2010),
54.17% in Musca domestica (Tas�kin et al., 2011), 63.6% in Simulium
maroniense, 36.4% in Simulium rorotaense, 54.5% in Simulium trom-
betense, 18.2% in Simulium perflavum (Scarpassa and Hamada,
2003), and 61.5% in Lutzomyia shannoni (Cárdenas et al., 2001).

In the current study, the Nei’s heterozygosity calculated was
observed higher (0.233 ± 0.178) in the population of AAS and
observed lower (0.104 ± 0.134) in the LA population. The expected
heterozygosity observed in the five populations ranged from
0.109 ± 0.140 to 0.245 ± 0.187. The overall expected heterozygosity
in all populations was 0.182 ± 0.096. This expected heterozygosity
was higher than the mean value observed in 31 species of Droso-
phila (Hexp = 0.135), 39 species of other dipterans (Hexp = 0.115)
(Graur, 1985). The heterozygosity observed was also high from that
observed in other dipteran such as Culex tritaeniorhynchus (Kanojia
et al., 2010), Simulium maroniense, S. rorotaense, S. trombetense, S.
perflavum (Scarpassa and Hamada 2003). The present result was
found less than that calculated in populations of Aedes aegypti
(Shi et al., 2017), Lutzomyia shannoni (Cárdenas et al., 2001). The
LA GM BC

1.000 1.000 1.000

1.000 0.8636
0.1364

1.000

0.8636
0.1364

0.7727
0.2273

0.7727
0.2273

1.000 0.8636
0.1364

0.8182
0.1818

1.000 1.000 0.8182
0.1818

0.8636
0.1364

0.8636
0.1364

0.8182
0.1818

0.7727
0.2273

0.9091 1.000
0.0909

0.8636
0.1364

1.000 0.7273
0.2727

1.000 1.000 1.000

0.9545
0.0455

1.000 1.000

1.000 1.000 1.000



Table 2
The probability of Chi-square statistical analysis calculated F statistics values for the overall total population (FIT), individual in total population (FIS), among subpopulations
(FST), and gene flow (Nm) of O. ovis Larvae from five different populations.

Locus Sample size H-W Equilibrium FIS FIT FST Nm

v2 P-value

GP-1 110 0.000 1.000 – – 0.000 –
GP-2 110 13.89 0.007* �0.325 �0.158 0.126 1.729
GP-3 110 6.143 0.188 �0.239 �0.170 0.056 4.226
GP-4 110 9.914 0.041* �0.234 �0.122 0.090 2.524
GP-5 110 22.31 0.000* �0.500 �0.196 0.203 0.982
GP-6 110 6.875 0.142 �0.248 �0.170 0.063 3.750
GP-7 110 9.698 0.045* �0.311 �0.196 0.088 2.586
GP-8 110 11.78 0.019* �0.257 �0.122 0.107 2.083
GP-9 110 5.482 0.241 �0.082 �0.028 0.050 4.766
GP-10 110 17.39 0.001* �0.333 �0.122 0.158 1.331
GP-11 110 6.226 0.182 �0.100 �0.038 0.057 4.167
Mean 110 �0.293 �0.153 0.108 2.065

Nm = Gene flow estimated from FST = 0.25(1 - FST)/FST.
H-W Equilibrium = Hardy-Weinberg equilibrium

* = Significant P-value

Table 3
The inter-population genetic variations among the five populations of O. ovis larvae.

Population Obs-Hom±SD Exp-Hom±SD Obs-Het±SD Exp-Het±SD Nei±SD PL % PL

PN 0.792 ± 0.115 0.818 ± 0.096 0.208 ± 0.115 0.182 ± 0.096 0.181 ± 0.096 10 90.91%
AAS 0.678 ± 0.286 0.756 ± 0.187 0.322 ± 0.286 0.245 ± 0.187 0.233 ± 0.178 8 72.73%
LA 0.877 ± 0.164 0.891 ± 0.140 0.124 ± 0.164 0.109 ± 0.140 0.104 ± 0.134 5 45.45%
GM 0.868 ± 0.165 0.884 ± 0.141 0.132 ± 0.165 0.117 ± 0.141 0.111 ± 0.135 5 45.45%
BC 0.810 ± 0.224 0.844 ± 0.182 0.190 ± 0.224 0.156 ± 0.182 0.149 ± 0.174 5 45.45%
Overall mean value 0.792 ± 0.115 0.818 ± 0.096 0.208 ± 0.115 0.182 ± 0.096 0.181 ± 0.096 10 90.91%

PL = Polymorphic Loci, Hom = Homozygosity, Het = Heterozygosity, Obs = Observed, Exp = Expected, SD = Standard deviation

Table 4
Summary of genetic variation statistics of all loci Nei (1978) in five populations of O. ovis.

S. No Population na ± SD ne ± SD I ± SD

1 PN 1.909 ± 0.302 1.234 ± 0.133 0.312 ± 0.150
2 AAS 1.727 ± 0.467 1.371 ± 0.324 0.360 ± 0.257
3 LA 1.454 ± 0.522 1.142 ± 0.191 0.174 ± 0.215
4 GM 1.454 ± 0.522 1.151 ± 0.191 0.185 ± 0.219
5 BC 1.456 ± 0.522 1.225 ± 0.266 0.231 ± 0.268
Overall Mean value 1.909 ± 0.302 1.234 ± 0.133 0.312 ± 0.150

na = Observed number of alleles
ne = Effective number of alleles Kimura and Crow, (1964)
I = Shannon’s Information index Lewontin (1972)
SD = Standard deviation

Table 5
Nei’s genetic distance (below diagonal) and genetic identity (above diagonal) of O. ovis larvae estimated from populations.

Population PN AAS LA GM BC

PN **** 0.968 0.978 0.971 0.959
AAS 0.033 **** 0.956 0.963 0.960
LA 0.022 0.045 **** 0.992 0.985
GM 0.029 0.038 0.008 **** 0.986
BC 0.042 0.041 0.015 0.014 ****
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expected heterozygosity observed in O. oviswas nearly the same as
that observed in Aedes aegypti (Gokhale et al., 2015) and Musca
domestica (Tas�kin et al., 2011).

The frequency of allele A was higher than allele B. The observed
number of alleles (na), effective number of alleles (ne), and Shan-
non’s Information index (I) within the populations ranged from
1.909 to 1.454, 1.371 to 1.142, and 0.360 to 0.174, and among all
the populations were 1.909, 1.234 and 0.312. The effective number
of alleles (ne) observed in other dipteran was 1.56 in Aedes aegypti
1697
(Gokhale et al., 2015), 1.23 in Culex tritaeniorhynchus (Kanojia et al.,
2010), and 1.31 in Musca domestica (Tas�kin et al., 2011).

The genetic identity and genetic diversity calculated in five pop-
ulations of O. ovis ranged from 0.956 to 0.992 and 0.008 to 0.045.
Overall, the genetic identity calculated was high and the genetic
diversity observed was very low, which indicated that all these
populations were genetically close to each other. The exact values
of genetic identity and genetic distance were also observed among
the populations of other dipterans such as in Musca domestica



Fig 2. The dendrogram of genetic distance between five populations of O. ovis based on Nei’s (1972) genetic distance [Method = Unweighted Pair-Group Method with
arithmetic mean (UPGMA)].
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(Tas�kin et al., 2011), and Lutzomyia shannoni (Cárdenas et al.,
2001).

5. Conclusion

The genetic identity calculated was high, and the genetic diver-
sity observed was very low, which indicates that all these five pop-
ulations of O. ovis were genetically close to each other.
Heterozygosity was observed in all five populations of O. ovis.
Results confirmed that there was no sympatric and parapatric pop-
ulation differentiation observed among all the population of O. ovis
and the populations of the five different locations were not genet-
ically and reproductively isolated from each other.

Declaration of Competing Interest

The authors declare that they have no known competing finan-
cial interests or personal relationships that could have appeared
to influence the work reported in this paper.

References

Ahaduzzaman, M., 2019. The global and regional prevalence of oestrosis in sheep
and goats: a systematic review of articles and meta-analysis. Parasite and
Vectors 12, 346.

Ali, R., Sayeed, S.A., Khan, A.A., 1995. A sensitive novel staining agent for the
resolved proteins on PAGE. International journal of peptide and protein
research 45, 97–99.

Cárdenas, E., Munstermann, L.E., Martínez, O., Corredor, D., Ferro, C., 2001. Genetic
variability among populations of Lutzomyia (Psathyromyia) shannoni (Dyar
1929) (Diptera: Psychodidae: Phlebotominae) in Colombia. Memórias do
Instituto Oswaldo Cruz 96 (2), 189–196.

Cepeda-Palacios, R., Scholl, P.J., 2000. Intra-puparial development in Oestrus ovis
(Diptera: Oestridae). Journal of Medical Entomology 37, 239–245.

El-Tahawy, A.S., 2010. The prevalence of selected diseases and syndromes affecting
Barki sheep with special emphasis on their economic impact. Small Ruminant
Research 90 (1-3), 83–87.

Gokhale, M.D., Paingankar, M.S., Sudeep, A.B., Parashar, D., 2015. Chikungunya virus
susceptibility & variation in populations of Aedes aegypti (Diptera: Culicidae)
mosquito from India. The Indian Journal of Medical Research 142, 33–43.

Graur, D., 1985. Gene diversity in Hymenoptera. Evolution 39 (1), 190–199.
Harris, H., Hopkinson, D.A., 1976. Handbook of enzyme electrophoresis in human

genetics. North Holland, Publ, Amsterdam.
Hoyer, P., Williams, R.R., Lopez, M., Cabada, M.M., 2016. Human nasal myiasis

caused by Oestrus ovis in the highlands of Cusco, Peru: report of a case and
review of the literature. Case Report Infectious Disease 2016, 1–4.

Ipek, D.N.S., 2017. Prevalence and intensity of Oestrus ovis in sheep and goats in
south-eastern part of Turkey. Indian Journal of Animal Research 52, 1751–1756.

Kamal, M., Yasmeen, G., Naz, F., Saher, N.U., Rafiq, N., Yousafzai, G.J., 2021a.
Prevalence and Larval burden of Oestrus ovis (Linné, 1758) in Goats of Karachi,
Pakistan. Journal of Advanced Veterinary Research 11, 119–123.
1698
Kamal, M., Yasmeen, G., Naz, F., Saher, N.U., Ahmad, N., Khan, W., Yousafzai, G.J.,
2021b. Morphotaxonomy and allometry of Oestrus ovis (linné, 1758) larvae
(Diptera: Oestridae: Oestrinae). Journal of Animal and Plant Sciences 31, 604–
609.

Kanojia, P.C., Paingankar, M.S., Patil, A.A., Gokhale, M.D., Deobagkar, D.N., 2010.
Morphometric and allozyme variation in Culex tritaeniorhynchus mosquito
populations from India. Journal of Insect Science 10 (138), 1–15.

Kimura, M., & Crow, J.F. (1964). The number of alleles that can be maintained in a
finite population. Genetics, 49, 725-738.

Laemmli, U.K. (1970). Cleavage of structural proteins during the assembly of the
head of bacteriophage T4. Nature, 227, 680-685.

Levene, H., 1949. On a matching problem arising in genetics. The Annals of
Mathematical Statistics 20 (1), 91–94.

Lewontin, R.C., 1972. The apportionment of human diversity. In: Evolutionary
biology. Springer, New York, NY, pp. 381–398.

Naz, F., Saher, N.U., Kamal, M., 2017. Isozyme Variations in the Genus Thalamita of
family Portunidae from the Coastal Waters of Pakistan. Journal of Aquaculture
and Marine Biology 6, 1–6.

Nei, M., 1972. Genetic distance between populations. The American Naturalist 106
(949), 283–292.

Nei, M., 1973. Analysis of gene diversity in subdivided populations. Proceedings of
the National Academy of Sciences 70 (12), 3321–3323.

Nei, M. (1978). Estimation of average heterozygosity and genetic distance from a
small number of individuals. Genetics, 89, 583-590.

Odhano, S., Saher, N.U., & Kamal, M. (2018). Studies on Isozyme Variations and
Morphometric Relationship among three Populations of Austruca sindensis
(Alcock 1900) from Pakistan. Thalassas: An International Journal of Marine
Sciences, 34, 311-322.

Patra, G., Biswas, P.B.P., Sahara, A., Behera, P., Ghosh, S., kumar, A., Borthakur, S.K.,
Alam, S.S., Debbarma, A., 2018. Nasal myiasis in animals due to Oestridae-A
Mini Review. International Journal of Medical, Pharmacy and Drug Research 2
(4), 48–54.

Scarpassa, V.M., Hamada, N., 2003. Isozyme variation in four species of the Simulium
perflavum species group (Diptera: Simuliidae) from the Brazilian Amazon.
Genetics and Molecular Biology 26 (1), 39–46.

Shi, Q.-M., Zhang, H.-D., Wang, G., Guo, X.-X., Xing, D., Dong, Y.-D., Xiao, L.i., Gao, J.,
Liu, Q.-M., Sun, A.-J., Li, C.-X., Zhao, T.-Y., 2017. The genetic diversity and
population structure of domestic Aedes aegypti (Diptera: Culicidae) in Yunnan
Province, southwestern China. Parasites and Vectors 10 (1). https://doi.org/
10.1186/s13071-017-2213-6.

Sujatha, K., Deepti, V., Shrikanya, A., Iswarya, K.V.L., 2011. Allozyme electrophoretic
studies in four species of groupers (Pisces: Serranidae) represented in the
commercial fishery of Visakhapatnam India. Indian Journal of Geo-Marine
Sciences 40, 365–371.

Tabouret, G., Bret-Bennis, L., Dorchies, P.h., Jacquiet, P.h., 2003. Serine protease
activity in excretory–secretory products of Oestrus ovis (Diptera: Oestridae)
larvae. Veterinary Parasitology 114 (4), 305–314.

Tas�kin, B.G., Tas�kin, V., Küçükakyüz, K., 2011. Electrophoretic analysis of genetic
diversity in natural house fly (Musca domestica L.) populations from the western
and southern coasts of Turkey. Turkish Journal of Biology 35, 337–346.

Yeh, F.C., Yang, R.C., & Boyle, T. (1999). POPGENE Version 1.32: Microsoft Windows
based Freeware for Population Genetic. Analysis. http://www. ualberta. ca/�
fyeh.

Zumpt, F., 1965. Myiasis in man and animals in the Old World. A textbook for
physicians, veterinarians and zoologists. Butterworth and CO., London.

http://refhub.elsevier.com/S1319-562X(21)00949-9/h0005
http://refhub.elsevier.com/S1319-562X(21)00949-9/h0005
http://refhub.elsevier.com/S1319-562X(21)00949-9/h0005
http://refhub.elsevier.com/S1319-562X(21)00949-9/h0010
http://refhub.elsevier.com/S1319-562X(21)00949-9/h0010
http://refhub.elsevier.com/S1319-562X(21)00949-9/h0010
http://refhub.elsevier.com/S1319-562X(21)00949-9/h0015
http://refhub.elsevier.com/S1319-562X(21)00949-9/h0015
http://refhub.elsevier.com/S1319-562X(21)00949-9/h0015
http://refhub.elsevier.com/S1319-562X(21)00949-9/h0015
http://refhub.elsevier.com/S1319-562X(21)00949-9/h0020
http://refhub.elsevier.com/S1319-562X(21)00949-9/h0020
http://refhub.elsevier.com/S1319-562X(21)00949-9/h0025
http://refhub.elsevier.com/S1319-562X(21)00949-9/h0025
http://refhub.elsevier.com/S1319-562X(21)00949-9/h0025
http://refhub.elsevier.com/S1319-562X(21)00949-9/h0030
http://refhub.elsevier.com/S1319-562X(21)00949-9/h0030
http://refhub.elsevier.com/S1319-562X(21)00949-9/h0030
http://refhub.elsevier.com/S1319-562X(21)00949-9/h0035
http://refhub.elsevier.com/S1319-562X(21)00949-9/h0040
http://refhub.elsevier.com/S1319-562X(21)00949-9/h0040
http://refhub.elsevier.com/S1319-562X(21)00949-9/h0045
http://refhub.elsevier.com/S1319-562X(21)00949-9/h0045
http://refhub.elsevier.com/S1319-562X(21)00949-9/h0045
http://refhub.elsevier.com/S1319-562X(21)00949-9/h0050
http://refhub.elsevier.com/S1319-562X(21)00949-9/h0050
http://refhub.elsevier.com/S1319-562X(21)00949-9/h0055
http://refhub.elsevier.com/S1319-562X(21)00949-9/h0055
http://refhub.elsevier.com/S1319-562X(21)00949-9/h0055
http://refhub.elsevier.com/S1319-562X(21)00949-9/h0060
http://refhub.elsevier.com/S1319-562X(21)00949-9/h0060
http://refhub.elsevier.com/S1319-562X(21)00949-9/h0060
http://refhub.elsevier.com/S1319-562X(21)00949-9/h0060
http://refhub.elsevier.com/S1319-562X(21)00949-9/h0065
http://refhub.elsevier.com/S1319-562X(21)00949-9/h0065
http://refhub.elsevier.com/S1319-562X(21)00949-9/h0065
http://refhub.elsevier.com/S1319-562X(21)00949-9/h0080
http://refhub.elsevier.com/S1319-562X(21)00949-9/h0080
http://refhub.elsevier.com/S1319-562X(21)00949-9/h0085
http://refhub.elsevier.com/S1319-562X(21)00949-9/h0085
http://refhub.elsevier.com/S1319-562X(21)00949-9/h0090
http://refhub.elsevier.com/S1319-562X(21)00949-9/h0090
http://refhub.elsevier.com/S1319-562X(21)00949-9/h0090
http://refhub.elsevier.com/S1319-562X(21)00949-9/h0095
http://refhub.elsevier.com/S1319-562X(21)00949-9/h0095
http://refhub.elsevier.com/S1319-562X(21)00949-9/h0100
http://refhub.elsevier.com/S1319-562X(21)00949-9/h0100
http://refhub.elsevier.com/S1319-562X(21)00949-9/h0115
http://refhub.elsevier.com/S1319-562X(21)00949-9/h0115
http://refhub.elsevier.com/S1319-562X(21)00949-9/h0115
http://refhub.elsevier.com/S1319-562X(21)00949-9/h0115
http://refhub.elsevier.com/S1319-562X(21)00949-9/h0120
http://refhub.elsevier.com/S1319-562X(21)00949-9/h0120
http://refhub.elsevier.com/S1319-562X(21)00949-9/h0120
https://doi.org/10.1186/s13071-017-2213-6
https://doi.org/10.1186/s13071-017-2213-6
http://refhub.elsevier.com/S1319-562X(21)00949-9/h0130
http://refhub.elsevier.com/S1319-562X(21)00949-9/h0130
http://refhub.elsevier.com/S1319-562X(21)00949-9/h0130
http://refhub.elsevier.com/S1319-562X(21)00949-9/h0130
http://refhub.elsevier.com/S1319-562X(21)00949-9/h0135
http://refhub.elsevier.com/S1319-562X(21)00949-9/h0135
http://refhub.elsevier.com/S1319-562X(21)00949-9/h0135
http://refhub.elsevier.com/S1319-562X(21)00949-9/h0140
http://refhub.elsevier.com/S1319-562X(21)00949-9/h0140
http://refhub.elsevier.com/S1319-562X(21)00949-9/h0140
http://refhub.elsevier.com/S1319-562X(21)00949-9/h0140
http://refhub.elsevier.com/S1319-562X(21)00949-9/h0140
http://refhub.elsevier.com/S1319-562X(21)00949-9/h0150
http://refhub.elsevier.com/S1319-562X(21)00949-9/h0150
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