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ABSTRACT 

Diagnostic tools to detect and differentiate Fasciola species have improved, but the understanding of the 

distribution and population structure of this parasite is location dependent. This study was aimed to phenotypically 

identify Fasciola species from cattle brought for slaughter at Birnin Kebbi Modern Abattoir. Ante-mortem faecal 

samples were collected from the sampled cattle for worm egg detection and post-mortem inspection of liver 

samples were performed. Two methods of Parasitological (Flukefinder Kit and formalin-ether sedimentation) 

methods were performed on the faecal samples. Results have yielded a high prevalence (31.2%) of fluke eggs 

with the Flukefinder Kit than with formalin-ether sedimentation technique (8.5%). Prevalence was higher (34%) 

in the males than in female (26.2%) cattle. Younger cattle (34.3%) were also more infected than their older 

(30.7%) counterpart. Sokoto Gudali had the highest prevalence of 44.0% followed by Red Bororo with 34.0%, 

and the least prevalence was observed in Bunaji breed with 18.0%. Statistical analyses results had revealed no 

significant relation between prevalence of fasciolosis and the co-variables (sex, age) as p > 0.05 but there was a 

significant association between prevalence and breed of cattle (p = 0.018). There was no significant agreement 

between the methods of faecal analyses used. Prevalence of 15.8% was observed from the post-mortem 

examination. This have increased the knowledge about the existence of the parasite in the study area. It is 

recommended that the Flukefinder® Kit should be used in diagnosis of Fasciola species due to its high sensitivity 

compared to the conventional sedimentation method. 
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1.0 INTRODUCTION 

1.1 Background Information 

Fasciolosis is one of the major helminthic 

disease of ruminants caused by Fasciola species 

with an estimated prevalence range between 50-

80% in tropical countries (Chongmobmi and 

Panda, 2018). Although, it is not possible to 

quantify exactly the economic losses caused by 

Fasciola infection in cattle, it is known that it 

constitutes one of the principal causes of poor 

performance in many areas (Elelu and Eisler, 

2018; Fasseha and Asefa, 2022). Ruminants’ 

populations are one of the most important 

assets possessed by many parts of the tropics. 

These animals provide valuable animal 

protein for human consumption and 

occupation for several families in form of 

livestock trade (Masoud et al., 2020). 
 

1.2 Disease Development and Relevance 

Fasciolosis is a fluke infection of cattle, whose 

larval stages develop in a molluscan (snail) 

intermediate host (Addy et al., 2020). 

Subclinical infections are more dangerous as 

they are unrecognized by breeders and drain 

immensely the productivity of farm livestock, 

and retard growth in the young (Akinaw, 2021). 

Fasciolosis is a subclinical disease presenting 

with herd- or flock-level production losses rather 

than the clinical signs in individual animals 

(Howell et al., 2020; Howell, 2023). Frigerio et 

al. (2020) reported lower weight of carcasses 

from infected animals and liver condemnation at 

post-mortem which leads to substantial visible 

economic losses.  

 

1.3 Justification of the Study 

Kebbi State is one of the major livestock 

producers in Nigeria with an estimation of 1.8 
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million cattle.  These animals serve as sources of 

meat, milk, work and contribute manure for crop 

production (MAHF&H, 2018). Fasciolosis 

causes significant economic losses to global 

agriculture (Mirahmadi et al., 2018). The 

presence of water bodies (rivers, lakes etc) and 

wetland (fadama) areas in the State makes cattle 

at risk of acquiring Fasciola infections. There is 

need for information on the available Fasciola 

species prevalent in the study area which will be 

helpful for designing and implementation of more 

effective control action plan against fasciolosis. 

 
2.0 MATERIALS AND METHODS 

2.1 Study Area 

Kebbi State is located between the latitude 10° 

and 30° North and longitude 3° and 6° East. It 

shares international borders with the Republic of 

Benin and the Republic of Niger to the West and 

internal borders with Sokoto and Zamfara State 

on the North, and Niger State to the South. The 

state occupies approximately 36, 800 square 

kilometers. Over 75% of the human populations 

reside in rural areas with farming as their major 

occupation. Kebbi State is one of the major 

livestock producers in Nigeria with an estimation 

of 1.8 million cattle, 2.2 million sheep, 2.8 

million goats, 50,000 camels and 200,000 

donkeys (MAHF&H, 2018). 
 

2.2 Sample Collection and Transportation 

Fresh faecal samples were collected from the 

rectum of each sampled cattle before slaughter 

using a gloved hand. The sampled cattle were 

followed until slaughtered and were examined at 

meat inspection for post-mortem examination of 

their liver samples. The samples of the liver were 

thoroughly examined to check for the possible 

tracts of fluke migration in the liver and or 

presence of adult Fasciola species in the bile 

ducts. Both adult fluke and faecal samples (20 

grams) of the corresponding slaughtered cattle 

were then placed in a plastic container and were 

transported on ice to the Veterinary Parasitology 

and Entomology Laboratory, Faculty of 

Veterinary Medicine, Usmanu Danfodiyo 

University, Sokoto for processing and 

identification. 

 

2.3 Parasitological Examinations 

All faecal samples were subjected to 

parasitological examination using two different 

concentration methods (Formalin-ether 

sedimentation technique and Flukefinder® Kit.) 

for detection of Fluke eggs.  

 

2.4 Statistical Analyses 

Chi Square test was used to determine the 

association of the variables (sex, age and breed) 

with Fasciola infection. Cohen’s Kappa was used 

to determine agreement between formalin-ether 

sedimentation technique and Flukefinder® kit 

used in detection of fluke eggs. The value of 

p<0.05 was considered significant in the studies 

and statistical software InvivoStat version 3.7 

was used for the statistical analyses. 

 

2.5 Flukefinder® Kit Information 

Flukefinder® kit was used widely and is 

considered highly sensitive and specific 

compared to other faecal egg detection methods, 

it was found to have 92.7% sensitivity and 94.9% 

specificity (Faria et al., 2008; Zarate-Kendon et 

al., 2019). 

 

3.0 RESULTS 

3.1 Parasitological Prevalence of Fluke 

Infection (Ante-mortem) 

Out of 234 feacal samples examined for the 

presence of fluke eggs using Flukefinder® Kit, it 

was found that 73 were positive which 

constituted a prevalence of about 31.2% while 

8.5% (20/234) prevalence was observed using 

formalin-ether sedimentation technique. A total 

of 51 males were positive with a higher 

prevalence of 34% (51/150). On the other hand, a 

26.2% (22/84) prevalence rate was recorded for 

the females (Table 1).  There was no statistically 

significant association between the prevalence 

and the sex of cattle (p = 0.27).  

 

The age specific prevalence of flukes revealed 

that young cattle (<4 years) had higher 

prevalence of 34.3% (12/35) while older cattle 

(>4 years) had lower prevalence of 30.7% 

(61/199). There was no statistically significant 

association between the prevalence and age of 

cattle as p = 0.961 (Table 2). The breed specific 

prevalence of flukes showed that Sokoto Gudali 

had the highest prevalence of 44.0% followed by 

Red Bororo (34.0%), White Fulani (29.2%), 

Rahaji (22.2%), and the least is Bunaji (18.0%). 

but there is statistically significant association 

between the prevalence and breeds as p= 0.018 

(Table 3).  
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3.2 Prevalence of Fasciola Infection (Post-

mortem) 

At post-mortem examination, 37 (15.8%) of 234 

cattle sampled had shown visible signs of fluke 

migratory tracts and presence of adult fluke in the 

bile ducts.  

 

3.3 Comparison of Diagnostic Agreement 

between Flukefinder® Kit and Formalin-ether 

Sedimentation Technique 

The two methods of faecal examination yielded 

different prevalence rates. The Flukefinder® kit 

had a prevalence of 31.2% (73/234) while the 

formalin-ether sedimentation method had a 

prevalence of 8.5% (20/234). The Kappa test for 

agreement had expressed that there was no 

statistically significant agreement between the 

Flukefinder® kit and formalin-ether 

sedimentation technique as K = 0.143 (Table 4).

 

 
Table 1: Univariable Analysis (Chi-square) Between Fasciolosis and Sex of Cattle Slaughtered at Birnin Kebbi 

Modern Abattoir. 

Variable Number positive Number negative Total (N=234) Prevalence (%) 

Male 51  99  150  34 

Female 22  62  84  26.2 

Total 73  161  234  31.2 
χ2 = 0.170; p = 0.27  

 

Table 2: Univariable Analysis (Chi Square) of Fasciolosis with Age of Cattle Slaughtered at Birnin Kebbi Modern 

Abattoir. 

Variable Number 

positive 

Number negative Total (N=234) Prevalence 

(%) 

Old (≥4 years) 61  138  199  30.7 

Young (<4years) 12  23  35  34.3 

Total 73  161  234  31.2 
χ2= 0.9619; p = 0.961 

 
Table 3: Univariable analysis (Chi-square) Between Fasciolosis with Breeds of Cattle Slaughtered at Birnin Kebbi 

Modern Abattoir. 

Breed Number of Samples  Number 

Positive 

Prevalence (%) 

Bunaji 61 11 18.0 

Rahaji 27 6 22.2 

Sokoto Gudali 75 33 44.0 

Red Bororo 47 16 34.0 

White Fulani 

Total 
24 

234 

7 

73 

29.2 

31.2 

χ2= 11.89; p = 0.018 

 
Table 4: Kappa Analysis for Agreement Test between the Flukefinder® Kit and Formalin-ether Sedimentation 

Techniques of Faecal Analyses. 

Tests 

 Flukefinder® Kit Total 

N P 

Formalin-Ether  

Sedimentation 

N 153 61 214 

P 8 12 20 (8.5%) 

Total 161 73 (31.2%) 234 

K = 0.143, p = 0.004; N = negative; P = positive  

 

4.0 DISCUSSION 

The prevalence rates of fasciolosis in cattle in the 

present study was observed to be 8.5% and 31.2% 

for both parasitological methods used.  Several 

other studies have reported different prevalence 

rates for different countries. Adane et al. (2019) 

reported 16.6% in Ethiopia. Rizwan et al. (2021) 

reported 21.3% in Pakistan. Masoud et al. (2020) 

reported 21% in Iran. These similarities and 

differences could be as a result of different 
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geographical locations or different diagnostic 

methods used. Kwok and Buxbaum (2019) 

suggested that differences and similarities in 

prevalence of fasciolosis may be due to either 

system of management, agro-ecological 

difference and long exposure time. 

 

The prevalence rate using post-mortem 

inspection of lesions in the liver and or presence 

of adult flukes in the bile ducts has been observed 

to be at a lower rate of 15.8%.  Several other 

studies have reported different prevalence rates 

using post-mortem examination in different 

countries. Ahmed et al.  (2020) recorded 15% 

from Zamfara State, Nigeria. Nwankwo et al. 

(2019) reported 24%, Nsukka, Nigeria. Nesreldin 

and Zaki (2020) reported 16.81% in Egypt. 

Animals with no detectable lesions and adult 

flukes in the liver might have been at their early 

stage of invasion with immature flukes as have 

been previously documented (Adamu et al., 

2019). This may also be due to butchers’ lack of 

cooperation to perform thorough inspection of the 

cattle liver, especially when it involves deep 

incisions into the samples. 

 

Although higher prevalence was observed in the 

males than in the females. There was no 

statistically significant association observed on 

the prevalence among animals of different sex in 

this study. This result is similar with the results of 

several other studies (Kusumarini et al., 2020) 

who also reported statistically insignificant 

association between prevalence and sex and 

concluded that Fasciola infections have no sex 

predisposition. The findings by Nagwa and 

Wafaa (2017) reported that bulls are usually 

brought to the Abattoir for slaughter than cows 

which is in the tradition of cattle producers in 

many locations. 

 

Although prevalence was also observed to be 

higher in younger cattle (less than 4 years) than 

in the old cattle (greater than 4 years). The 

infection rate in different age categories of the 

cattle showed no statistical significance (p 

>0.05). This result is similar with the findings of 

Kheirandish et al. (2016) who also reported 

statistically insignificant association between 

prevalence and age and reported that Fasciola 

infections have no age predisposition. Opio et al. 

(2020) have reported higher prevalence of 65.7% 

of Fasciola spp in older cattle in Ethiopia which 

was contrary to the findings in the present study. 

The authors however, suggested that higher 

number of older cattle were sampled in their 

study than the young.  

 

Although prevalence was observed to be higher 

in Sokoto Gudali than in any other breed, while 

there was statistically significant association 

observed between prevalence and breeds of cattle 

slaughtered. Sokoto Gudali breed is more at risk 

of Fasciola infection than the other breeds (p 

<0.05). The results also concur with the report of 

Zalizar et al. (2021) who also documented 

statistically significant association between 

prevalence and breed of cattle slaughtered and 

concluded that differences in cattle breed had 

correlation with susceptibility towards Fasciola 

infections. It is also a likelihood that the Sokoto 

Gudali could have been more exposed to 

contaminated pasture than the other breeds. 

 

The results of the present study have established 

a higher prevalence using parasitological 

methods of diagnosis. However, the prevalence 

was observed to be higher with Flukefinder® Kit 

(31.2%) compared to the conventional formalin-

ether sedimentation technique (8.5%). This 

difference in prevalence report could be 

explained by the different parasitological 

techniques used. The lower prevalence of fluke 

egg detection reported using the formalin-ether 

sedimentation technique indicates the less 

sensitivity of the test in detecting the presence of 

the infection. Although there was no agreement 

between the two methods, the higher prevalence 

reported using the Flukefinder® Kit indicates the 

high sensitivity of the kit (Reigate et al., 2021). 

This indicates the high efficiency of the 

Flukefinder® Kit over the conventional 

sedimentation method. Zarate-Kendon et al. 

(2019) have also reported high effectiveness of 

the Flukefinder® kit as compared with the other 

parasitological methods in fluke egg detection 

which concur with the findings of this study.   

 

5.0 CONCLUSION 

Prevalence of fluke eggs was found to be 31.2%. 

Flukefinder® kit was found to be more efficient 

in fluke egg detection than the formalin-ether 

sedimentation method. No statistically 

significant relation was observed between 

prevalence of fasciolosis and the co-variables 

(sex, age) as p > 0.05 but there was a significant 

association between prevalence and breed of 

cattle (p = 0.018). 
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6.0 RECOMMENDATIONS 

The need for a deeper investigation comparing 

Fasciola isolates from other livestock is also 

necessary to determine the species in circulation 

among animals. The results from Abattoir should 

be interpreted with caution or whole liver 

samples should be purchased to have a reliable 

post-mortem prevalence results in further studies.

  

 

ACKNOWLEDGEMENTS  

The authors sincerely acknowledged the efforts 

of the laboratory technicians (Parasitology and 

Entomology Laboratory, Faculty of Veterinary 

Medicine, UDUS) for their participation in the 

analysis of the samples. 

 
REFERENCES 

Ahmad, I., Yakubu, Y., Chafe, U.M., Bolajoko, 

B.M. & Muhammad, U. (2020). Prevalence of 

fasciolosis (Liver flukes) infection in cattle in 

Zamfara, Nigeria: A slaughterhouse 

surveillance data utilizing postmortem 

examination. Veterinary Parasitology Regional 

Studies Reports. 22:100483. doi: 

10.1016/j.vprsr.2020.100483. Epub 2020 Oct 

17. PMID: 33308732. 

Adamu, M., Wossene, A., Tilahun, G. & Basu, 

A.K. (2019). Comparative diagnostic 

techniques in ruminant fasciolosis: Faecal 

sedimentation, Indirect ELISA, liver inspection 

and serum enzyme activities. Ethiopian 

Veterinary Journal, 23(1): 42-58. 

DOI: 10.4314/evj.v23i1.4 

Adane, Z., Yehualashet, B., & Anteneh, W. 

(2019). Prevalence of Bovine Fasciolosis and 

Its Economic Loss due to Liver Condemnation 

at Wolaita Sodo Municipal Abattoir, Ethiopia. 

Veterinary Medicine International, Article ID 

9572373, 7 pages 

https://doi.org/10.1155/2019/9572373. 

Addy, F., Gyan, K., Arhin, E. & Wassermann, M. 

(2020). Prevalence of bovine fasciolosis from 

the Bolgatanga abattoir, Ghana. Scientific 

African, 8, p.e 00469. 

https://doi.org/10.1016/J.SCIAF.2020.E00 

469.  

Akinaw, W. (2021). A Review on cattle 

Fasciolosis. Journal of Veterinary Medicine & 

Surgery, 5 (4):6740. P1-6. 

Chongmobmi, M. & Pando, S.M. (2018). Bonine 

Gastrointestinal Trematodosis in Nigeria. 

Journal of Agricultural and Veterinary 

Science, 11: (11):08-19. DOI: 10.9790/2380-

1111020819 

Elelu, N. & Eisler, M.C. (2018). A review of 

bovine fasciolosis and other trematode 

infections in Nigeria. Journal of 

Helminthology, 92 (2): pp.128-141. 

Faria, R.N., Cury, M.C. & Lima, W.S. (2008). 

Evaluation of two available methods to detect 

eggs of Fasciola hepatica in cattle faeces. 

Arquivo Brasileiro Medicina Veterinaria 

Zootecnia, 60 (4). 1023-1025. 

Fesseha, H. & Asefa, I. (2022). Co-infection of 

fasciolosis and hydatidosis and their financial 

loss in cattle slaughtered at Wolaita Sodo 

municipal abattoir, southern Ethiopia. Animal 

Diseases, 2, 27. 

https://doi.org/10.1186/s44149-022-00059-3. 

Frigerio, S., Da Costa, V. & Costa, M. (2020). 

Eosinophils control liver damage by 

modulating immune responses against Fasciola 

hepatica. Frontiers in Immunology, 11:579801. 

Howell, A.K., Malalana, F., Beesley, 

N.J. Hodgkinson, J.E.  Rhodes, H., Sekiya, M., 

Archer, D., Clough, H.E., Gilmore, P. & 

Williams, D.J.L. (2020). Fasciola hepatica in 

UK horses. Equine Veterinary Journal, 

52(2):194-199. DOI: 10.1111/evj.13149 

Howell, A. (2023). Snail-borne diseases in 

bovids at high and low altitude in Eastern 

Uganda: Integrated parasitological and 

malacological mapping. 
Kheirandish, F., Kayedi, M.H., Ezatpour, B., 

Anbari, K.K., Rouzbahani, H.R., Chegeni, 

S.A., Zendehdel, A., Bizhani, N., & Rokni, 

M.B. (2016). Seroprevalence of Human 

Fasciolosis in Pirabad, Lorestan Province, 

Western Iran. Iranian Journal of Parasitology, 

11(1):24-9. 

Kusumarini, S.S., Permata, F.S., Widyaputri, T.  

& Prasetyo, D. (2020). Prevalence of 

fasciolosis emphasis on age, origin, body 

condition and post mortem by geographic 

information systems on sacrificial examination 

in Malang District – East Java. Journal of 

Physics: Conference Series 1430 (2020): 1-7. 

012025 IOP Publishing doi:10.1088/1742-

6596/1430/1/012025 

Kwok, J. & Buxbaum, J.L. (2019). Liver Fluke. 

New England Journal of Medicine, 

381(19):e34. 

Masoud, S., Mahdi, F., Saeed, H., Teshnizi, 

R. Z., Emameh, H. Z., Hezarjaribi, S. A., 

Roghiyeh, F. & Hamed, K. (2020). Status of 

https://doi.org/10.4314/evj.v23i1.4
https://doi.org/10.1155/2019/9572373
https://doi.org/10.1186/s44149-022-00059-3
https://pubmed.ncbi.nlm.nih.gov/?term=Howell+AK&cauthor_id=31254486
https://pubmed.ncbi.nlm.nih.gov/?term=Malalana+F&cauthor_id=31254486
https://pubmed.ncbi.nlm.nih.gov/?term=Beesley+NJ&cauthor_id=31254486
https://pubmed.ncbi.nlm.nih.gov/?term=Hodgkinson+JE&cauthor_id=31254486
https://pubmed.ncbi.nlm.nih.gov/?term=Rhodes+H&cauthor_id=31254486
https://pubmed.ncbi.nlm.nih.gov/?term=Sekiya+M&cauthor_id=31254486
https://pubmed.ncbi.nlm.nih.gov/?term=Archer+D&cauthor_id=31254486
https://pubmed.ncbi.nlm.nih.gov/?term=Archer+D&cauthor_id=31254486
https://pubmed.ncbi.nlm.nih.gov/?term=Clough+HE&cauthor_id=31254486
https://pubmed.ncbi.nlm.nih.gov/?term=Gilmore+P&cauthor_id=31254486
https://pubmed.ncbi.nlm.nih.gov/?term=Williams+DJL&cauthor_id=31254486
https://pubmed.ncbi.nlm.nih.gov/?term=Williams+DJL&cauthor_id=31254486
https://doi.org/10.1111/evj.13149


 

 

176 

 

IJSGS VOL. 9(1), MARCH, 2023         https://doi.org/10.57233/ijsgs.v9i1.420          URL: https://fugus-ijsgs.com.ng 

fasciolosis among domestic ruminants in 

Iran based on abattoir data: a systematic 

review and meta-analysis. Annals of 

Parasitology, 66(1), 77–86. doi: 

10.17420/ap6601.240 

Ministry of Animal Health, Fisheries and 

Husbandry (2018). Kebbi State Government. 

To add value to human existence through 

livestock production and boost the economy of 

Kebbi State. @kebbistate.gov.ng 

Mirahmadi, H., Bigleri, P., Sekandarpour, S., 

Modrex, J.M. & Shafiei, R. (2018). Molecular 

and phylogenetic characterization of Fasciola 

spp. Isolated from cattle and in Southeast Iran. 

Bulgarian Journal of Veterinary Medicine, 1: 

86-93. DOI: 10.15547/bjvm.1043 

Nagwa, T.E. & Wafaa, G.M. (2017). Prevalence 

of fascioliasis (liver flukes) infection in cattle 

and buffaloes slaughtered at the municipal 

abattoir of El-Kharga, Egypt. Veterinary 

World, 10(8): 914–917. 

DOI:10.14202/vetworld.2017.914-917 

Nasreldin, N. & Zaki, R.S. (2020) Biochemical 

and immunological investigation of fascioliasis 

in cattle in Egypt, Veterinary World, 13(5): 

923-930. doi: 10.14202/vetworld.2020.923-

930.  

Nwankwo, I. O., onunkwo, J. I. & onyema, C. V. 

(2019). Postmortem Prevalence of Fasciolosis 

and Contagious Bovine Pleuropneumonia 

(Cbp) and Economic Losses in Cattle at Nsukka 

Abattoir, Nigeria. Animal Research 

International, 16(3): 3418 – 3426. 

Opio, L.G., Abdelfattah, E.M., Terry, J., Odongo, 

S. & Okello, E. (2021). Prevalence of 

Fascioliasis and Associated Economic Losses 

in Cattle Slaughtered at Lira Municipality 

Abattoir in Northern Uganda. Animals (Basel). 

4;11(3):681. doi: 10.3390/ani11030681. 

PMID: 33806313; PMCID: PMC7999142. 

Reigate, C., Williams, H.W., Denwood, M.J., 

Morphew, R.M., Thomas, E.R., & Brophy, 

P.M. (2021). Evaluation of two Fasciola 

hepatica faecal egg counting protocols in sheep 

and cattle. Veterinary Parasitology 

294:109435. 

DOI: 10.1016/j.vetpar.2021.109435 

Rizwan, M., Khan, M.R., Afzal, M.S., Manahil, 

H.,, Yasmeen, S., Jabbar, M., Irum, S., Simsek, 

S., Wasif, S.,, Mahmood, T., Ahmed, H. & Cao, 

J. (2022). Prevalence of Fascioliasis in 

Livestock and Humans in Pakistan: A 

Systematic Review and Meta-

Analysis. Tropical Medicine and Infectious 

Diseases 7, 126. 

https://doi.org/10.3390/tropicalmed7070126 

Zalizar, L., Rahmawati, K. & Yaro, A. (2021). 

Fasciolosis Infection Level of Various Breed 

Cattle in Batu and Pujon District, East Java, 

Indonesia. E3S Web of Conferences. 226. 

https://doi.org/10.1051/e3sconf/20212260002

9 

Zárate-Rendón, D.A., Vlaminck, J., Levecke, B., 

Briones-Montero, A., & Geldhof, P. (2019).  

Comparison of Kato-Katz thick smear, mini-

FLOTAC, and Flukefinder for the detection 

and quantification of Fasciola hepatica eggs in 

artificially spiked human stool. American 

Journal of Tropical Medicine and Hygiene, 

101(1):59–61. doi: 10.4269/ajtmh.18-0988 

 

 

 
 

 

 
 

https://pubmed.ncbi.nlm.nih.gov/?term=Elshraway%20NT%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Mahmoud%20WG%5BAuthor%5D
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5591478/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5591478/
https://doi.org/10.1016/j.vetpar.2021.109435
https://doi.org/10.1051/e3sconf/202122600029
https://doi.org/10.1051/e3sconf/202122600029
https://doi.org/10.4269%2Fajtmh.18-0988

