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Abstract
This study aimed to estimate the total cost of small ruminant fasciolosis in Türkiye. For this purpose, official and previ-
ously published prevalence values were considered, and financial losses were calculated with current prices in 2024 year. 
A stochastic simulation model (Monte Carlo) was used to estimate the total cost due to fasciolosis. The weighted mean 
prevalence values were calculated for sheep as 3.47% (95% CI, 3.43-3.51%) and goats as 1.25% (95% CI, 1.20-1.30%). 
In total cost calculations, mortality losses, production losses and control expenditures were considered. As a result, annual 
total cost of fasciolosis for sheep was estimated to be $95.2 million (95% CI, $86.7-$104.2) and for goats $5.7 million 
(95% CI, $3.6-$7.9). The annual total cost of the disease in small ruminants was estimated to be $100.9 million (95% CI, 
$91.8-$110.2) and this amount is equally to 0.8% of total livestock production value in Türkiye. In conclusion, to reduce the 
impact of the disease for livestock sector and Turkish economy, producers should be informed about the quantity of losses 
and prevention/treatment procedures and, fasciolosis should be prioritized in national disease control/eradication strategies.
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INTRODUCTION

Fasciolosis (liver fluke) is located in the bile ducts and 
liver of domestic ruminants and wild and is caused by F. 
gigantica and/or F. hepatica helminths (Tınar & Kork-
maz, 2003). The disease is a tropical neglected zoonotic 
infection reported in more than 50 countries worldwide, 
including Türkiye (Kaplan & Başpınar, 2009; Mehmood 
et al., 2017). Fasciolosis has acute and chronic forms, 
causing considerable economic losses due to mortality, 
productivity (loss of meat, milk, fleece/mohair, liver), 
and control expenditures (Odeniran et al., 2017; Köroğlu 
& Şimşek, 2003; Mehmood et al., 2017).

Based on Otte and Chilonda (2000), the total cost (C) 
of the disease may be defined as the sum of mortality 
(M), control expenditures (E), and production losses (L) 
in mathematical notation: C = M+ E + L. While M is the 
mortality of infected animals, E consists of the flukicide 
cost of the farmer, and L may be summarized as losses of 
meat (Lmeat), milk (Lmilk), fleece/mohair (Lfleece/mohair), and 
liver (Lliver).

Globally, economic losses in livestock productivity rela-
ted to fasciolosis have been estimated at approximately 
$3 billion per annum (Spithill et al., 1999). In Türkiye, 
there are studies about the total cost of bovine fasciolosis 
(Sarıözkan & Yalçın, 2011) and only production losses (L) 
due to fasciolosis in small ruminants (Sarıözkan, 2019). 
However, to the best of the authors’ knowledge, there is 
no study on estimating small ruminant fasciolosis’s total 
cost (C) in Türkiye. Knowing the total cost of the disease 
is important for both producers and decision-makers in 
terms of control/eradication of the disease. This study ai-
med to estimate the total cost of fasciolosis in sheep and 
goats in Türkiye at current prices of 2024 year.

MATERIALS and METHODS

In this study, it was aimed to determine the total cost due 
to fasciolosis in sheep and goats in Türkiye by using a 
stochastic Monte Carlo simulation model. On the other 
hand, the number of slaughtered/milked/sheared ani-
mals, meat/milk production, and yields were obtained 
from official data (DKKYB, 2024; MAF, 2024; UKON, 
2024) and calculated with the current prices of 2024. In 
the study, some technical and economic parameters used 
in the analysis were given in Table 1-2.

In the study, due to variation of prevalence values of the 
disease in the literature, weighted mean prevalence of 
seven regions are calculated 3.47% in sheep (95% CI, 
3.43%-3.51%) and 1.25% in goats (95% CI, 1.20%-
1.30%) in Türkiye (Çelik & Çelik, 2018; Tınar & Kork-
maz, 2003; Sarıözkan, 2019). Confidence interval (CI) 
was calculated as below;   

Standard error for ratio = npp /))1(( −
CI for ratio =

npptpPnpptp nn /))1((/))1(( )2/,()2/,( −+≤≤−− αα

CI for sheep 

(p=0,0347; 1-p=0,9653; n=651.964,30; t(nα/2)=1,96) = 
3.47% (95% CI, 3.43-3.51%) 

CI for goats

 (p= 0,0125; 1-p= 0,9875; n=181.989,95;) t(nα/2)=1,96) = 
1.25% (95% CI, 1.20-1.30%)

Based on previous studies (Fiss et al., 2013; Sarıözkan, 
2019; Schweizer et al., 2005), mortality, potential meat, 
milk, fleece/mohair, and liver losses and control expen-
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Table 1. Cost of fasciolosis in sheep in Türkiye 

Parameters Value (Mean) References
Technical parameters
No. of sheep (head) 42,060,470 MAF, 2024

No. of infected sheep (head) 1,459,498 &
Mortality rate in infected sheep (%) 10.8 Fiss et al., 2013

No. of slaughtered sheep (head) 25,437,813 MAF, 2024
Mean carcass weight (kg/head) 21.6 &

Reduction in carcass weight of infected anim. (%) 2.5 Njeruh et al., 2004
Reduction in carcass weight (gr/infected anim.) 540 &

Weighted prevalence (%) 3.47 &
Total carcass weight loss (kg) 476,654 &
No. of milked sheep (head) 19,836,985 MAF, 2024
Milk production (kg/head) 77 MAF, 2024

Reduction in milk yield of infected anim. (%) 2.5 Njeruh et al., 2004
Reduction in milk production of infected anim. (kg) 1.9 &

No. of sheared sheep (head) 19,836,985 MAF, 2024
No. of sheared infected sheep (head) 688,343 &

Fleece yield (kg/head) 1.8 Sarıözkan, 2019
Losses of fleece (%) 20 Roseby, 1970
Weight of liver (gr) 400 DKKYB, 2024

Losses of liver (kg)* 353,076 Altınel et al., 1998
Financial parameters**

Price of adult sheep ($/head) 464 DKKYB, 2024
Price of meat ($/kg) 12 UKON, 2024

Price of milk ($/kg) 1 DKKYB, 2024

Prices of  fleece ($/kg) 0.3 DKKYB, 2024

Prices of condemned liver ($/kg) 15 DKKYB, 2024

Cost of treatment ($/head) 1 DKKYB, 2024

*: Liver was assumed to be 2% of the carcass weight. **:36.66 TL=1 US$ in March 2025. &: Calculated from official data by 
authors (See material and methods)
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Table 2. Cost of fasciolosis in goats in Türkiye 

Parameters Value (Mean) References
Technical parameters

No. of goat (head) 10,302,940 MAF, 2024
No. of infected goat (head) 128,786 &

Mortality rate in infected goat (%) 10.8 Fiss et al., 2013
No. of slaughtered goats (head) 6,753,478 MAF, 2024
Mean carcass weight (kg/head) 19.8 &

Reduction in carcass weight of infected anim. (%) 2.5 Njeruh et al., 2004
Reduction in carcass weight (gr/ infected anim.) 495 &

Weighted prevalence (%) 1.25 &
Total carcass weight loss (kg) 41,787 &

No. of milked goats (head) 5,471,086 MAF, 2024
Milk production (kg/head/lactation) 105 &

Reduction in milk yield of infected animals (%) 2.5 Njeruh et al., 2004
Reduction in milk production infected animals, kg 2.6 &

No. of sheared goats 5,471,086 MAF, 2024
No. of sheared infected goats 68,388 MAF, 2024

Mohair yield, kg/head 0.5 Sarıözkan, 2019
Losses of mohair, % 20 Roseby, 1970
Weight of liver (gr) 400 DKKYB., 2024

Losses of liver (kg)* 33,767 Altınel et al., 1998
Financial parameters**

Price of adult goat ($/head) 218 DKKYB, 2024
Price of meat ($/kg) 8 UKON, 2024
Price of milk ($/kg) 0.7 DKKYB, 2024

Prices of  mohair, $/kg 0.2 DKKYB, 2024
Prices of condemned liver ($/kg) 15 DKKYB, 2024

Cost of treatment ($/head) 1 DKKYB, 2024

*: Liver was assumed to be 2% of the carcass weight. **36.66 TL=1 US$ in March 2025. &: Calculated from official data by 
authors (See material and methods)
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ditures that may occur in small ruminants due to disease 
were considered in the calculation. In some studies (Nga-
tegize et al., 1993; Odeniran et al., 2021), mortality losses 
were given higher however, we preferred the optimistic 
one (Fiss et al., 2013).  
The Monte Carlo simulation was run in Python version 
3.13 with 10,000 iterations.

RESULTS 
The total cost of the disease in sheep and goats is given in 

Figure 1, 2, and 3.
The cost of fasciolosis in sheep in Türkiye was calcula-
ted to be $95,260,663 (95% CI, $86.7-$104.2) in 2024 
(Figure 1).
In Türkiye, the cost of fasciolosis in goats was calculated 
as $5,712,143 (95% CI, $3.6-$7.9) in 2024 (Figure 2). 
In this situation, the total cost of small ruminant fasciolo-
sis for the Turkish economy in 2024 was calculated to be 
$100,972,806 (95% CI, $91.8-$110.2) (Figure 3). 

Figure 1. Cost of fasciolosis in sheep in Türkiye

Figure 2. Cost of fasciolosis in goat in Türkiye

Figure 3. Total cost of fasciolosis in sheep and goat in Türkiye
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DISCUSSION 

Fasciolosis is a neglected tropical zoonotic disease with 
an estimated 17 million people infected and 180 million 
at risk of infection. The huge impact on livestock and 
human health together with the increasing demand for 
animal-derived food products to support global popula-
tion growth demonstrate that fasciolosis is a major One 
Health problem (MAF, 2024). Neglected tropical disea-
ses effect over 1 billion people and causes 600 million 
disability adjusted life years (DALYs). 

Including Türkiye (Adanır & Çetin, 2016; Çelik & Çelik, 
2018; Gül & Aydın, 2008; Pekağırbaş et al., 2020), many 
studies on small ruminant fasciolosis have been carried 
out in different countries around the world. Prevalence 
values varies from 2.5% to 39.1% in Africa (Isah, 2019; 
Khalafala, 2020; Ouchene-Khelifi et al., 2018; Regea & 
Getachew, 2021); 0.2-41.9% in Asia (Ga et al., 2020; Or-
yan et al., 2011; Zafar et al., 2018); 8.87-43.0% in Ame-
rica (Munguía-Xóchihua et al., 2007; Opitz Vieira Da 
Cunha et al., 2007) and 3.0-67.0% in Europe (Bosco et 
al., 2015; Rinaldi et al., 2015).

The high prevalence is most likely related to poor ma-
nagement practices and lack of knowledge among the 
farmers about its control (Mehmood et al., 2017) The 
prevalence of the disease in Türkiye ranges between 

0.6-68.6% in sheep and 0.8-62.6% in goats, according to 
different regions. The significant variation in prevalence 
values among countries and regions may be related to 
the geographical location of the study, climatic (rainfall 
and humidity) and environmental conditions, snail po-
pulation (Lymnaea truncatula), management and control 
strategies, age / number /sex and breed of animals, and 
contamination levels of pastures.

On the other hand, the economic effects of the disease 
were either not calculated or were limited to the condem-
nation of infected livers in most of the previous studies 
(Table 3). These missing calculations lead farmers and 
decision/policymakers to delay the measures to be taken 
for the disease. To realize the total cost of the disease 
mortality and control expenditures should also be inclu-
ded in the calculations (Njeruh et al., 2004; Odeniran et 
al., 2021; Pekağırbaş et al., 2020; Usip et al., 2014).

There is no regular database of animal diseases at the na-
tional level in Türkiye. That is why the financial impact 
calculated in this study will provide certain information 
and decision support to all livestock sector stakeholders. 
In addition, the stochastic probabilistic model used in 
this study to determine economic losses due to fascio-
losis takes into account risks and uncertainties that were 
ignored by previous deterministic models (Sarıözkan, 
2019). 

Table 3. Financial losses ($) due to fasciolosis in small ruminants in different countries

Continent/
Country

Species M L E C Comments References

Africa/Egypt S - 3,286 - - Lliver + Lmeat Elmonir et al., 
2015

Africa/Ethiopia S+G - 1,238 - - Lliver in small rum. Kedir et al., 2012
Africa/Ethiopia S+G - 284,753 - - Lliver + Lmeat Lakew & Alebie, 

2015
Africa/Kenya S+G - 3,652 - - Lliver due to F.gigantica Mungube et al., 

2006
Africa/Nigeria S+G - 3,402 - - Lliver+lung+spleen Ola-Fadunsin et 

al., 2020
Africa/Nigeria S+G 55,671,620 18,360,154 196,820 74,228,594 Total cost (C) Odeniran et al., 

2021
Africa/Nigeria S+G - 752 - - Lliver in small rum. Liba et al., 2017

Asia/Bangladesh G - 115 - - Lliver Hossain et al., 
2011

Asia/Bangladesh G - 2,374 - - Lliver Islam & Ripa, 
2015

Asia/Iran S+G - 53,600 - - Lliver in small rum. Khoramian et al., 
2014

Asia/Iran S+G - 13,842,759 - - Lliver Kiani et al., 2021
Asia/Iran S+G - 13,258 - - Lliver in small rum. Arbabi et al., 2018

Asia/Pakistan S+G - 213,000 - - Lliver + Lmeat Ahmad et al., 
2017

Türkiye S - 3,281 - - Lliver Yibar et al., 2015
Türkiye S+G - 1,845 - - Lliver Kaplan & Başpı-

nar, 2009

S=Sheep; G= Goat; M=Mortality losses; L= Production losses; E= Control expenditures; C=Total cost
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In Türkiye, 94.3% of the total losses ($100,972,806) ori-
ginated from sheep, and the remaining 5.7% were from 
goats. Despite the use of anthelmintics to control fascio-
losis, these vast losses could be explained by drug resis-
tance, wrong timing, the dose of treatment, and the use 
of non-specific anthelminthic agents to treat the disease, 
since farmers often perform deworming only when adult 
parasites are observed.

When the cost of fasciolosis in small ruminants ($100.9 
million) is considered together with the cost of bovine 
fasciolosis ($ 42.8 million), the total cost of the fascio-
losis in ruminants reaches $143.7 million per annum in 
Türkiye (Sarıözkan & Yalçın, 2011). Fasciolosis is esti-
mated to put more than 700 million animals at risk wor-
ldwide, causing a loss of $302 billion to the global eco-
nomy (Ayvazoğlu et al., 2023; Mehmodd et al., 2017). 
This equates to 4.8% of the estimated global cost (Spit-
hill et al., 1999). Financial losses from bovine fasciolosis 
in Sudan and Switzerland were reported at $1.94 milli-
on and €52 million respectively (Rahmeto et al., 2010; 
Schweizer et al., 2005). In Nigeria, and Switzerland, the 
total cost of fasciolosis in sheep and goats ($77.9 milli-
on) is lower than in Türkiye (Odeniran et al., 2021).  The 
economic loss caused by fasciolosis in domestic rumi-
nants in Australia ($60-90 million) is lower than Türkiye 
(Mehmood et al., 2017). 

Differences between the quantities of losses amongst 
the countries could be related to different livestock po-
pulations, prevalence, loss items included in analyses, 
estimating methodologies, differences in productivity of 
animals, and prices (meat, drug, milk, liver, and fleece/
mohair). In the literature, there are some difficulties in 
comparing different regions and/or countries in terms of 
the quantity of losses and loss items included in calcula-
tions. Hence, the loss items for calculations and metho-
dologies need to be standardized.

The losses due to livestock diseases in Türkiye and deve-
loping countries are obstacles to increasing animal pro-
tein consumption, which is already low. Also, the cost of 
livestock products, which are already produced at high 
costs due to low productivity, are increasing due to di-
seases, and producers are gradually moving away from 
profitability.

CONCLUSION

In conclusion, to reduce the impact of total costs for Tur-
kish economy, producers should be informed about the 
quantity of losses and prevention/treatment procedures 
(regular use of flukicide and examination of faeces pe-
riodically, etc.), amelioration of pastures should be pro-
vided and, fasciolosis should be prioritized in national 
disease control/eradication strategies. 
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